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ABSTRACT 

The present investigation was attempted in castor to study the genetics of 
important morphological characters, to study the inheritance of fusarium wilt 
resistance, to determine the nature of gene action, to identify best combiners for 
yield and its components and also to know the magnitude of heterosis and in­
breeding depression. The material consistea of four female parents and nine male 
parents and experiments were conducted objective wise at the College Farm, 
College of Agriculture, Rajendranagar, Hyderabad and Directorate of Oilseeds 
Research, Rajendranagar, Hyderabad during rabi 2000-01, kharif2001 and rabi 
2001-02. 

Inheritance of morphological traits revealed all the five characters viz., 
leaf shape (3 flat: 1 cup), stem colour (3 red: I green)., bloom nature (3 triple: 1 
double; 1 triple : 2 partial triple, 1 zero:- 1 double _: 2 partial double : 1 zero), 
spininess of capsule (l spiny: 2 partial spiny: 1 non spipy) and internode nature 
(3 elongated : 1 condensed) are governed by single gene wrth- complete 
dominance in some cases and partial dominance fo~ otpers. Joint segregation 
studies indicated that the genes governing leaf shape, steIp colour, bloom nature 
and stem colo.ur, bloom nature, spininess of capsule we~e found to be assorted 
independently .. However, the genes controlling leaf shape and spininess of 
capsule were found to be linked in repulsion phase with the recombination value 
of 25.7 per cent The genes governing the traits, leaf shape and internode nature 
might involve tight linkage or due to pleiotrophic effect of the gene. 



Fusarium wilt resistance is found to be governed by two independent 
recessive genes involving complementary epistasis. 

Analysis of combining ability revealed the existence of significant 
variation among lines, testers and line .x testers for all the characters studied 
barring oil content in testers. The components of gca and sca variances indicated 
the predominance of additive gene action for days to 50 per cent flowering, days 
to maturity, number of nodes, plant qeight, effective spike length, number of 
capsules 'per primary spike and lOO-seed weight, while non-additive gene action 
was predominant for primary spike length, seed yield per plant and oil content. 
The three lines DCS-5, DCS-27 and SH-72 and the two testers, VP-l and DPC-9 
were identified as good combiners for seed yield per plant. However, the three 
lines, DCS-5, DCS-9 and DCS-85 and the one tester LRES-17 wer~ found to be 
best combiners for earliness and related traits apart from oil content., i 

The per se performance of crosses is not correlated with the sca effects in 
majority of the crosses. The higli sea effects of crosses resulted from the parents 
with either high x high or high x low or low x low gca effects for yield and yield 
component traits. 

The two hybrids viz., LRES-17 x SH-72 and VP-l x DCS-5 out yielded 
significantly over the. standard check, DCH-177 .. 

The magnitude of inbreeding depression was high under strict selfing than 
open pollination of F I plants. Majority of the crosses exhibited negative values 
for both heterosis and inbreeding depression for earliness and related traits 
indicating the predominance of additive gene effects. However for seed yield and 
primary spike characters both the heferosis and inbreeding depression values were 
positive inferring the predominance of non-additive gene action. Basec;l on results 
it is con~luded that recommendation ofF2 seed for commercial crop production is 
not economical. The crosses possessing non-significant inbreeding depression 
with significant desirable heterosis could be utilized to iSQlate transgressive 
segregants in F2 and subsequent generations.-._ 
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CHAI)TER I 

INTRODUCTION 

Castor (Ricinus communis L.) be~pngs to the family Euphorbiaceae 

and according to available literature, it is indigenous to eastern Africa and 

most.probably originated· in Ethiopia The crop is grown for its non-edible oil 

which is being used in various industries for the· manufacturing of lubricants, 

printing inks, varnishes, plasticizer, cosmetics, tine quality nylon threads etc. 
f 

It is also being used for medicinal and lighting purposes. 

India is the world's princ'ipal producer of castor. The other major 

castor producing countrics arc Brazil, forrner USSR, China and Thailand, 

whilst the main importing countries are the leading industrialized countries 

viz., USA and Japan. In the year 2000, India exported castor oil worth more 

than Rs. 1000 crores. In India, castor occupies an area of about 10.77 lakh 

ha. with a production of 8.67 lakh tonnes. In Andhra Pradesh, it occupies an 

area of 3.93 lakh ha, with a pro_duction of 1.31 lakh tonnes (Damodaram and 

Hegde, 2002). The productivity levels of castor in Andhra Pradesh are very 

low (333 kg/ha) cornpared to average productivity ,of India (~05 kglha). 

However, the productivity of castor in Gujaraih as high as 1393 kg/ha. Th~ 

reasons for low yields in Andhra Pradesh are; castor is g,rown as-i1i()j"-1o~rop 

under rainfed conditions in marginal lands with very low level of 
. ! ! 

management and use of low productive obsolete varieties especially in 

Telangana region. 

I 



With increased production costs of commercial crops like cotton, 

chillies, castor crop has gained importance as. an alternate commercial crop 

keeping in view of its potential and low ,input costs especially in Andhra 
,/ 

Pradesh, Maharashtra, Karnataka and Madhya Pradesh under rainfed 

conditi9ns., Hence, there, is an increasing need for genetic improvement in 

castor which is 1ikely to improve the Jiving conditions of poor and marginal 

farmers in these areas. 
! 

(In castor, variation exists for all the qualitative characters such as 

-. -
stem pigmentation, waxy coating, leaf shape, spininess of capsules, internode' 

nature etc. Morphological characters have some economic advantages, for 

instance, varieties with triple bloom nature are more resistant to jassids 

(Natarajan et al., 1986) and tolerant to drought. Similarly, purple stemmed 

plants are resistant to castor shoot and capsule borer (Singh et al., 1977). The 

trait condensed node is correlated wit~ reduced plant height which is a major 

" 

objective in castor breeding. Further, these traits can also serve as efficient 

diagnostic characteristic features of varieties, hybrids and their parents. But 

available literature on genetics of these- morphologic~_l characters is very 
., 

mcagrc. Regarding bloom, castor plants show variation consistil1g- of no 
\ 

. ; 

bloom (absence of waxy coating on any part of plant), single bloom 
I 

(presence of waxy coating on stem and petiole only), double bloom (presence 
, 

of waxy coating on stem, petiole and dorsal side of leaves) and triple bloom 

(presence of waxy coating on all above' ground parts of plant). 

However, available literature provides information on the inheritance of 



bloom by taking only two classes as presence or absence of bloom. To study 

complete inheritance of bloom nature, observations on the basis of single 

bloom, double bloom, triple bloom and no bloom are essentially required 

(Solanki and Joshi, 200 I). 
/ 

In l!1dia, among t~e fungal diseases of castor, wilt caused by Fusarium 
-" 

-\ 

oxysporum fsp. ricini is a serious problem causing extensive damage to the 
\ 

crop. As the organism is soil borne, it becomes difficult to control by , 
I 

chemical or physical means, which are uneconomical and there is,'also a 

danger of high degree of residual toxicity of the chemicals applied. The use 

of resistant varieties, provides an ideal solution to the problem of wilt 

disease as a long term strategy (Prasad and Bhatnagar, J 981). Thus, there is a 

need to develop fusarium wilt resistant cultivars to combat the disease. 

Information on the nature of inheritance of fusarium wilt resistance is 

lacking which is a prerequisite to initiate appropriate breeding programme 

for the development of wilt resistant varieties on which very little emphasis 

had been paid so far. 

Use of hybrids and high yielding varieties developed elsewhere have 

very low impact in increasing productivity ~s~ecially under rainfed 

conditions. I-fence, there is an urgent need to develop "early matyring. and 
\ 

high yielding varieties and hybrids coupled with disease and insect resistance 
, 
I , 

to enhance castor production and productivity which :requires' intensive 

evaluation - of germplasm and choosing best parents,' for hybridization 

programme. The line x tester mating design (Kempthorne, 1957) helps in 

3 



realising the objective to estimate the combining ability of parents and 

thereby selecting superior parents as well as cross combinations. 

Inbreeding depression in general )s' less in castor, but tnere are no 

clear reports to state the extent of inbreeding depression. Moshkin (1986) 
, 

reported that in order 1'0 use inter-line hybrids of castor, it is necessary -to __ 
t 

clarify, whether the increased yield of seeds is retained during subsequent 

generation and whether it is possible to use th'em for sowing th~ second 
- j 

generation. Hence, it is worthwhile to have complete information on the 

extent of heterosis in related cross combinations and also to study the extent 

of inbreeding depression for the possible use of F2 seed on commercial scale. 

In light of the above, the present investigation has been undertaken 

with the following objectives: 

1. To study the inheritance of some morphological characters namely leaf 

shapc, stcm colour, bloom nature, spininess of capsule and internode nature. 
-, I 

2. To study the inheritance of fusarium wilt resistance. 

3. To study the combining ability of selected g~n~types. 

4. To assess the magnitude of heterosis and inbreeding depression-in selfed 
\ 

and open pollinated conditions. 

4 
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CHAPTER II 

REVIEW OF LITERATUIlli 

A brief review of the relevant literature on for the present 
/ 

investigation is presented here under. 

2.1 INHERITANCE OF MORPIIOLOGICAL CHARaCTERS 
/ 

Castor has a number of contrasting features for different characters 

like leaf shape, bloom nature, spininess of capsule, stem pigmentation etc. 
, 

The morphological traits could be used as genetic markers. Some of the traits 

have economic advantages -for_ increasing the yields either directly or 

indirectly. Despite the importance of morphological traits not much work on 

genetic study has been done. The available information on this aspect is 

scanty and quite old. A brief review pertaining to the objective is mentioned 

here under. 
; 

Peat (1928) made an extensive study on the inheritance of bloom and 
,. 

reported that in a cross between double bloom and no bloom, the F2 was 

doubl~ bloom although the bloom was not as heavy as in the parent with 

double bloom, whereas in F2, the plants segregat~d in a dihybrid ratio of 9 

double bloom: 3 single bloom: 4 no bloom. 
.~-. --

\ 

Patwardhan (1931) noted that treble bloom was dominant over double 

bloom and single bloom over no bloom. 

Narain (1952) noticed different classes of bldom in castor as given 

below: 

5 



1. Bloom on the peduncle and capsules only. 

2. Very light bloom on the stem, petiole and inflorescence. 

3. Single bloom 

4. Single bloom plus bloom on the prominent veins of under surface of leaf. 

5. Partial double' bloom, i.e. bloom on the stem, petiole, peduncle and some 

portions of under surface of leaf - the margins are left uncovered. 

6. Double bloom 

7. Partial treble bloom, i.e. double bloom plus bloom on some portions of the 

upper surface of leaf - the margins remain uncovered. 

8. Treble bloom. 

10glekar and Deshmukh (1957) found monogemc inheritance in 

respect of red stem vs. green stem and blossoming vs. nonbJossoming in the 

cross EC 2848 x EB 16, red stem and blossoming being dominant. They also 

observed a wide range of segregation with respect to 'period of maturity. 

, 

Zimmerman (19S7a) atte_mpted crossing between two no bloom 

varieties viz., VS. 70 and VS.' 121-6 and Fl was observed to have bloom. 

The F2 had 78 plants with bloom and 55 with n'o bloom, a good fit of a 9:7 
, 

- \ 

ratio which obviously suggest that (lominanLcomplementary genes were 

involved. Crosses of the no bloom varieties with bloom~-vatieties viz., 
\ 

.~ f. 

Cimarron and 3/441-9, gave expected bloom in F I apd a 3: 1 segregation for 
j , 

bloom and bloomless in the F2. He also observed linkage between the gene 

responsible for bloom and M gene for reddish stem c~lour. 

6 



Zimmerman (1957b) conducted an experiment to determine the mode 

of inheritance of dwarf internode nature and to find the relationship of dwarf 

internode to several important agronomic characters in castor bean. It was 

observed that the dwarf internode/nature is monogenic and recessive trait 

which was inherited independently of node to first raceme, total number of 
-

-"nodes, dehiscence of the capsules and the genes for monoecious and pistillate 

racemes. 

Stein (1959a) reported that recessive gene determin,es absence of 

spines on the capsule, number of spines in Ss plants being much lower than 

in SS. A new allele sf, also results in lack of spines. Number of spines in ~sf 

plants is however much lower than Ss. In Ssf, spine number varies widely 

according to age of the plant and raceme position, suggesting that a 

substance regulating number may be produced in the vegetative parts. 

# 

Stein (l959b) reported that anthocyanin production is known to 

depend upon gene, M. Gene mg'(green) was found to restrict anthocyanin to 

the young leaves, pistils and hypocotyl, while mP (pure green) controls 

absence of anthocyanin from the hypocotyl and all other- parts, except the 

seeds. Gene ag causes the appearance of gland lik~-,- ml:llticellular structures, 
~--.-

embedded in the epidermis, in which anthocyanin\ accumulates. This gene - , 
therefore acts as an intensifier of red colour. W4en young mPmPagag plants 

are completely green, but at a later stage red "glands" are abundant on the 
I 



stems. Gene mS (strong green) is usually phenotypically similar to mP but 

mSmSagag individuals do not develop red glands. 

Narain (1961) studied the jnheritance of raceme with bloom, 
/ 

bloomless, light smoky bloom, treble bloom and single bloom characters in 

castor and found that the raceme with bloom and bloomless characters differ 

by two factor pairs involving recessive epistatic effect. The difference 

between full bloom vs. light smoky bloom was found to be monogenic, the 

bloomlcss charactcr bcing dominant ovcr thc light smoky bloom charactcr. 

The bloomy character showed dominance over light smoky bloom and single 

bloom differed from treble bloom by a single mendelian factor. The factor 

for treble bloom showed partial dominance over that for single bloom. 

Smith (1963) attempted crossin~, between varieties with spmy 

capsules and non-spiny capsules and reported that the F I plants had sparsely 

spined capsules. Capsules in the F2 popUlation were fully spined, sparsely 

I 

spined, spineless Warty and spineless smooth, and the plants were classified -_ . 

only as spiny or spineless and the pooled population segregated in a 9:7 

(spiny: spineless) ratio which gave proof that .gene pairs_ at two loci were 

responsible for capsule spines. 

, , 

_-~-_--

Anonymous (1968) indicatcd that diffcrc'1cdr.in stcm colour in castor 

are controlled by one gene pair, red being dominant to green.! 

Brigham (1968) crossed breeding lines hay;ing rough petioles with 

small spiny protuberances with smooth petioled parents and reported that the 

B 



, 

F I plants were mainly intermediate in the degree of roughness. Results from 

further crosses indicated that a single factor: is responsible for the inheritance 

of rough petiole. 

/ 
Brigham (1973) crossed the mosaic leaf plants with dwarf internode 

selections in castor and found phenotypically normal plants in the F h whilst 

-" 

in the F2 2006 normal leafand 621 mosaiC. leaf plants were observed. The 

results of backcrosses also confirmed the same as the mosaic leaf character is 
I 

apparently controlled by a single recessive gene which is designated as ml. 

Deokar (1974) crossed the castor lines, VIand V 4 and their F I and F 2 

generations showed that Rgst, controlling stem colour,: was independent of 

the genes controlling other characters. 

Bhapkar arid Deshmukh (1978) studied the inheritance of ten 

morphological characters viz., stem· colour (1 :2: 1), midrib colour (1 :2: 1), leaf - . 

colour (1 :2: 1), inflorescence colour (1 :2: 1), capsule colour (1 :2: 1), spininess 
~ 

of capsule (3:1), bloom (4:6:2:4), ground colour of seed (3:1), mottling 

colour. of seed (3:1) and degree of mottling (1:2:1) in a cross V-4 x V-5 of 

castor. The gene Rst had pleiotropic action on the '~olour of the stem, midrib, 
- - \ 

leaf, inflorescence and capsule. A linkage group i.nvolving the genes Rst -_-__ _ 

(stem colour), Blm (mottling colour of seed), Ws_d .(~round colour of seed) 

and S '(spininess of capsule) was also worked out and showed as an 

independent assortment. 

9 
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Singh and Yadav (1982) reported that dwarf plant height in castor was 

governed by a single recessive gene, hence, could be a worth while source 

for reducing the height of the plant without sacrificing the seed yield. 

/ 

Anj ani ( 1997) made crosses between four castor genotypes and 

reported that spininess was part~ally dominant over non-spininess and 
, 

dominant over sparse spininess. The thre~ characters showed monogenic 

inheritance. 

Reddy and Sathaiah (1997) studied the inheritance of piant height in 

castor by crossing 411-JI-44 with T4 and reported that the F2 segregation 

pattern conformed to the ratio 22:20: 15 :6: 1, indicating the involvement of 

three non allelic genes acting in an additive fashion. 

Solanki and Joshi (2001) conducted an experiment to study the 

inheritance of some morphological traits in castor and revealed that green 

spike colour epistatic ov~r sulphur white colour and trait being governed by a 

dominant inhibitory gene at_:ld another colour gene (sulphur whjtel. They also 
I 

observed monogenic nature of inheritance [or the other characters viz., 

nature of internodes, stem colour and presence or bloom. Joint segregation 

for different pair of traits suggested independenT segregation of all the traits 
_----

studied and no evidence of linkage was detected. 

2.2 INHERITANCE OF FUSARIUM WILT RESISTANCE i 

Castor wilt caused by Fusarium oxysporum [sp ricini is the most 

important disease causing extensive damage to the crop. Since, the disease is 



primarily soil borne, it is difficult to manage through chemicals. Developing 

resistant varieties is the only solution to combat the disease. Identification of 

resistance source and its mode of inheritance is imperative in any breeding 

programme to develop resistant cultiVars / hybrids. A brief review pertaining 

to inheritance of fusarium wilt resistance in castor and other crops is 

presented here under. 

Castor 

Breeding castor for resistance to fusarium wilt was began early in 

-
1957 by Moshkin. It was established that an infectious background during 

selection and evaluation of the breeding material was important with regard 

to this characteristic. 

At the VNIIMK, initial material of castor with a high resistance to 

Fusarium has been developed and v~rieties resistant to this disease have been 

-
introduced. The new varieties VNIIMK 360 and Sizaya 7 have good field 

resistance to Fusarium. Thes~ varieties are capable of giving high yields on 

soil severely infected by Fusarium, whereas the variety control Early hybrid 

completely perished. 

Sviridov (1971) showed that castor hybrids deVeloped on a fusarium 
-~-- --

background in all circumstances had a much higher resistance to the disease , 
than those obtained on a common background. 

Prasad and Bhatnagar (1981) tested 88 castor; cultivars 10 pots by 

inoculation with Fusarium oxysporum [sp. ricii'zi and reported that cultivars 

\\ 
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279, 882, 413A, 157B, Aruna, M2, NPHyb 1, R63, SAl and VH 81 had 10 

per cent infection or less and 947, Pb I and Tspior had IS per cent or less, 

Sviridov (1986a) reported that in castor fusarium wilt resistance was 
/ 

governed by a recessive factor. 

Sviridov (1986b) reported that resistance to F. oxysplJrul11 in the 
./ 

~ 

interline Ricinus communis hybrids studie~: was controlled by at least :2 loci 
, 

(SufI and Sufl), in some hybrids by the recessive allele sufI and'in others by 

sun which was epistatic to gene Sufi, with modifiers being piescnt in some 

cases. 

Sviridov (1988) crossed five lines showing resistance to F. oxysporum 

fsp ricini with a line homozygous for susceptibility (Sui) genes and observed 

2 types of inheritance under artificial infection in the field. In one type, 

resistance was conditioned by the rece~sive gene sufi and in the other type 

of the interaction of 2 ~uplicate genes, Sufl and sufI. When a susceptible 

line with SufI Sufi sufl sufl ",crossed with resistant L-VN 165 ul.s. (Sufl - , 
I 

Sul'2 sun sun), the F I hybrids with sun sun Suf2 suf2 were resistant. 

Podkujchenko (1989) reporte~ that in intra,specific crosses of castor 

Fusarium oxysporum resistance was conditio.ned by a single_gen~~_ 

Chattopadhyay et al. (1996) studied the hosi pathogen interaction 

between Fusarium oxysporum and 3 cultivars of Ricinus communis and 

showed that the cultivar 48-1 to be more tolerant" to the pathogen and 

Aruna was found to be susceptible cultivar. 

\'V 

12 



Other crops 

Knowles and Houston (1953) reported that fusarium wilt resistance .. 
has been foundLto be due to two complementary genes in flax. 

/ 

Evminov and Dynnik (1982) reported that F 2 segregation ratios for 

fusarium wilt resistance in flax varied so widely which indicated that it was 

controlled by many genes. 

, 
Smithson et al. (1983) determined the genetic constitutions and wilt 

(F.oxysporum fsp cieeris) reaction of 8 cultivars .of Cieer arielinum and 

reported that resistance to. race 1 appears to be controlled by at least 3 

independent loci. Alleles carried at 2 of the loci. incompletely recessive to 

those for early wilting, separately delay wilting and must be present together 

for complete resistance. An allele carried at a third locus, which is probably 

dominant to that for early wilting, also delays wilting and confers complete 

resistance In combination with the recessive alleles at either of the other 

2 loci. 

Agarwal et al. (1991) studied the F2 segregation ratios from 9 

intervarietal crosses involving the linseed wilt resistant cultivars RLC 6 and 
-. \ 

R552 and 4 susceptible commercial varieties and Jridicated that resistance to 
.~-' .-

Fusarium oxysporum fsp. lini is mostly determined 'by recessive alleles. . . 
I , 

Malhotra and Vashistha (1993) evaluated parents, F" F2 and backcross 

generations between line NT 8, resistant to F. oxysporum and 2 susceptible . , 

cultivars, HS 101 and Se 17 of tomato for resistance to the pathogen and 

13 



reported that the F2 generations segregated in the expected ratio of 3 

resistant: 1 susceptible plants. Backcrosses to the susceptible parents gave 

the expected ratio of 1: 1 and backcrosses to the resistant parent gave mostly 

resistant plants, which indicated the presence of monogenic dominance for 

resistance in NT 8. 

Singh et ai. (1998) studied the inheritance of fusarium wilt resistance 

in pigeon pea and showed that resistance to fusarium wilt is dominant over 
I 

susceptibility and that resistant is under the control of two indypendent loci. 

2.3 COMBINING ABILITY 

The concept of combining ability as a measure of gene action was 

proposed by Sprague and Tatum (1942). They defined the term general 

combining ability (gca) as the average p~rformance of a line in hybrid 

combinations and specific combil).ing ability (sca) to designate the deviation 

- ~. 

of a particular cross from the performance predicted based 6n the general 

combining ability of parents involved. 

Different methods have been developed for the estimation of general 

combining ability and specific combining ability effects. The popular 

methods among them are i) top cross test ii) polyc:oss test iii) diallel mating 
------

system and iv) line x tester mating system. 

1 

The knowledge of various types of gene action arid their relative 

magnitude controlling the trait is important in deciding proper breeding 

techniques according to Miller et al. (1980) .. Kempthorne (1957) suggested a 

\4-
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Table 2.1 : Summary of review of literature on nature of gene action governing 

various characters in castor 
Character Additive Non-additive Additive and 

Non-additive 
Days to Hooks (1968) Singh and Srivastava Bhatt et al. (1983) 
flowering Patel et al. (1984) (1982) 

Pathak and Dangaria (1987) M,anivel el al. (1998) 
Fatteh el al. (1988) 
Pathak el al. (1989) 
Mehta et al. (199Ib) 

Days to- Patel et al. (1984) Kavani et al. (2001) 
maturity Pathak and Dangaria (1987) 

< 

Pathak et al. (1989) 
Mehta el al. (I991b) 

Plant height Sindagi (1972) Manivel et al. (1998) , I 

Swarnlata el al. (1984) Kavani et al. (2001) 
Dangaria el al. (1987) 
Pathak and Dangaria (1987) 
Fatteh el al. (1988) 
Mehta el al. (1991 b) 
Patel et al. (1991) 
Chakrabarty (1997) 
Ramesh el al. (2000) 

Node Sindagi (1972) Pathak el al. (1989) 
number Patel et al. (1984) Manivel et al. (1998) 

Swarnlata el al. (1984) Kavani et al. (2001) 
Pathak and Dangaria (1987) 

, 

Fatteh el al. (1988) 
Mehta et al. (1991 b) 
Vindhiyavarman and 
Ganesan (1995) 
Chakrabarty (1997) 
Ramesh el al. (2000) 

Primary Giriraj et al. (1973) Sindagi (1972) Giriraj (1973) 
spike length Giriraj et al. (1974) Singh and Srivastava Kandasamy et al. 

Swarnlata et al. (1984) (1982) '_ (1983) 
Dangaria et al. (1987) Pathak et al. ~(1989) '. 
Pathak and Dangaria ( 1987) Vindhiyavarman and -.--
Patel et al. (1991) Ganesan (1995) 

I 

Chakrabarty (1997) Rmnesh el al. (2000) . . , 
Mehta (2000) Kavani el al. (200 I) 

Effective Dangaria el al. (1987) Kandasamy et al. (1983) 
spike length Mehta (2000) Vindhiyavarman and 

Ganesan (1995) 
Kavani et al. (200 I) . 
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Character Additive Non-additive Additive and 

Non-additive 
Number of Giriraj (1973) Bhatt et al. (1983) Swarnlata et a/. 
capsules per Giriraj et a/. (1973) Fattah et a/. (1988) ( 1984) 
primary Giriraj et al. (1974) Pathak et al. (1989) 
spike Dangaria et al. (1987) Kavani et al. (200 I) 

Chakrabarty (1997) 
/ 

Mehta (2000) 

Capsule Ramaswamy and Singh and Srivastava 
number per Madhavamenon (1973) (1982) 
plant Kandasamy et al. (1983) Dangaria et a/. (1987) 

/ 

Vindhiyavarman and 
Ganesan. (1995) 

Racemes Hooks (1968) Kandasamy et al. (1983) 
per plant Pathak et al. (1989) Vindhiyavatman and 

Chakrabarty ( 1997) G"anesan (1995) 
Ramcsh et al. (2000) 
Kavani et al. (200 I) 

100-seed Giriraj et a/. (1973) Sindagi (1972) Giriraj (1973) 
weight Giriraj et af. (1974) Ramesh et al. (2000) 

Swarnlata et al. (1984) Kavani et al. (2001) 
Dangaria et al. (1987) 
FaUeh et af. (1987) 
Pathak and Dangaria (1987) 
Pathak et al. (1989) 
Patel et af. (1991) 
Mehta (2000) 

# 

Oil content Giriraj (1973) Fatteh et af. (1987) Giriraj (1973) 
Dobariya et af. (1989) Giriraj et af. (1974) 

• Patel et af. (1991) 
Chakrabarty (1997) 

Seed yield Giriraj et al. (1974) Singh and Srivastava Giriraj (1973) 
Ramaswamy and (1982) Giriraj et af. (1974) 
Madavamenon (1973) Bhatt et af. (1983) 
Kandasamy et af. (1983) Swarnlata et af. (1984) 
Patel et af. (1991) Dangaria--et af.-( 19\~7)_ 
Mehta (2000) Pathak and Dangaria, 

(1987) --~----

Fatteh et af. (1987) \ 

Pathak e_t al. (1989) " 

Dobariya et al. (1992); 
Vindhiyavarman and ; 
Ganesan (1995) 
Chakrabarty (1997) 
Ramesh el af. (2000) -
Kavani et al. (200 I) 



detailed mathematical model for the estimation of gca and sca effects and 

variances from the crosses involving various combinations. 

Combining ability in castor has been studied by many workers. The 
; 

review of literature on gene action governing the inheritance of different 

traits in castor indicates that the characters are governed by either additive or 

.-
non-additive (dominance and epistatic interactions) or both depending on the 

breeding material used in the investigation. A brief review of literature on 
I 

the gene action for different characters in castor is presented in Table 2.1. , 

2.4 HETEROSIS 

The term heterosis was- coined by Shull (1914). It refers to the 

superiority of F 1 hybrid in one or more characters over its parents. The 

superiority of the F lover bettcr parent is hetcrobcltiosis, whcrc as the term 

standard heterosis refers to the superiority of F lover the standard 

variety/hybrid grown in the area. 

Khan and Rehman (1965) reported that exploitation of heterosis on a 

commercial scale was shown to be possible in casto,r crop by using pistillate 

varieties in combination with suitable monoecious lines possessing high 

combining ability. 

Moshkin (1986) mentioned over the past 15 years, on the basis of 
~----

\ 
fcmale lines at thc VNlIMK, four hybrids hav.e bccn introduced, which 

significantly exceed the common varieties with regard to productivity. On 

varietal trail plots, hybrid Krasnodarskii 3 gave the best results which 

recorded 15-18 % increase in yield over varieties. It was also suggested 



Table 2.2 : Summary of review of literature on heterosis for various characters in 
castor 

Character Positive heterosis Negative heterosis 
Days to flowering , Muhammad et al. (1969) 

Muhammad et al. (1970) 
Hooks el al. (1971) 

Days to maturity Khan and Rehman (1965) 

'" Gopani el al. (1968) 
Moskin and Voskobojnik 
(1967) 

Plant height . Kabaria and Gopani (1971), Gopan; el al;' (1968) 
Muhammad'et al. (1970) 
Khan and Rehman (1965) 

Number of nodes upto primary Chakrabarty (1997) 
spike 

Primary spike length Muhammad et al. (1969) 
Muhammad et al. (1970) 
Kaul et al. (1983) 

Effective spike length Mehta et al. (1991 a) 

Capsules per primary spike Khan and Rehman (1965) 
Gopani et al.(l968) . 
Kabaria and Gopani"'( 1971) 
Kaul et al.(1983) 
Pathak et al. (1988) 
Mehta etal. (1991 a) 

Capsules per plant Muhammad et al. (1969) 
Muhammad et al. (1970) 
Saiyed et al. (1997) 

Racemes per plant Muhammad et al.-(1969} __ 
Muhammad et al. (1970) 
Hooks et al. (1971) 

~-----
Chakrabarty (1997) 

, 
Branches per plant Gopani el al. (1968) 

, Muhammad el al. (1969) 
Mehta et al. (1991 a) 
Saiyed el al. (1997) 

100-seed weight Khan and Rehman (1965) 
Satyabalan et al. (1965) 
Pathak el al. ( 1988) 

l"b 
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Charactcr 
Oil content 

Seed yield 

J'ositivc hcterosis Negativc heterosis 
Khan and Rehman (1965) 
Gopani et al. (1968) 
Hooks et al. (1971) 
Voskobojnik and Moshkin (1977) 
Saiy~ et al. (1997) 

~ 
; 

/ 

Zimmerman and'Van Hom (1953) 
Stein (1958) 
Ankineedu and Kulkarni (1965) 
Khan and Rehman (1965) 
Muhammad et al. (1965) 
Satyabalan et al. (1965) , 
Moshkin and Voskobojnik (1967) 
Gopani et al. (1968) 
Muhammad et al. (1969) 
Muhammad et al. (1970) 
Hooks et al.( 1971) 
Kabaria and Gopan i (1971) 
Voskobojnik and Moshkin (1977) 
Kaul et-al._CI 983) 
Savy et al. (1986) 
Pathak et al. (1988) 
Mehta et al. (1991 a) 
Chakrabarty (1997) 
Saiyed et al. (1997) 

\ 

--~---_ 
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replacement of varieties by hybrids is economically beneficial, since the 

additional expenditures on variety purification and planting crossing plots 

are recovered by a 25-30 times greater yield. 

Heterosis may be positive or negative. In general positive heterosis is 

desirable for most of the traits, however for some characters namely plant 
I 

- , I 

height,· days to maturity etc, the negative heterosis is advantage. Brief review 

regarding the heterosis in castor is presented in Table 2.2. 

2.5 INBREEDING DEPRESSION : 
/ I 

The most revealing impact or inbreeding is the lo,ss of vigour and 

physiological efficiency of the-organisms, characterized by reduction in size 

and fecundity, etc. A number of weak and lethal segregants and defectives 

appear in the population which has undergone inbreeding (generally referred 

to as selfing). This loss of fitness in the progenies or decline in trait 

expression with decreased heterozygosity arising from consanguineous 

mating is known as inbr~eding depression or inbreeding decline. Haldane 

(1948) had aptly summed_ up j his intensive inbreeding experiments as 

"Inbree~ing proved to be disastrous - the enemy of vigour and yield". 

Since the maximum decline is reflected in F2 generation the 
\ 

inbreeding depression can be computed by relative da,tci on FJ and F2 for'any 
--~-- --

character. 

Galeev (1969) conducted a research in some ~ross po~linated crops 

and mentioned that the inbreeding depression in castor is less than that of 

maize. 
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Podkujchenko (1969) studied about 80 inbreds of castor and collected 

data on seed yield, earliness, 1000-seed weight and height and showed that 

little or no reduction had occured after four to seven generations of 

inbreeding in most ctlltivars. It was/also reported that the maximum 

reduction in seed yield was in Kubanskaja 2, where it was 75 per cent of the 

control, ~hile in other cultivars it varied from ~O to 105 per cent. 

Kabaria and Gopani (1971) conducted an experiment to compare the 

performance of F I and F2 generations of Gujarat Castor Hy;brid-3 to 
I 

determine the genetic mechanism governing the expression 'of heterosis and 

reported that the heterosis reduced significantly in the F 2 from F I by 71. 7 and 

30.3 per cent respectively for capsule number and seed yield. However, for 

number of nodes sign'ificant increase in F 2 over F I was-n0ticed by 

17.1 per cent, whereas F I _reduced by 9.2 per cent over mid parent. 

. , 
Moshkin (1986) showed that although the yield of seeds in the second 

generation of inter line hybrids significantly decreases by 9.7 to 9.8 per cent, 
I 

the yield is on the average, 5 per cent greater than that-of the variety control 

VNIIMK 165. Similar results were found in inter v~rietal hybrids and it was 

concluded, since the use of second generation hy-brlds for sowing does not 

require additional expenpitures, it is economically beneficial. -~-- --

Pathak et al. (1988) showed that seed yield and :100 seed weight had 
. 1 ; , , 

the highest inbreeding depression in castor .. 
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CHAPTEH III 

MATERIALS AND METHODS 

The present investigation was. carried out at College Farm, College of 
/ 

/ 
Agriculture, Rajendranagar, Hydcrabad during rahi 2000-200 I, kharif 200 I and 

rabi 2001-2002. However, the objective to studY' the mode of inheritance of 

fusarium wilt resistance was taken at Directorate of Oilseeds Research, 

Rajendranagar, Hyderabad during kharif2001. 

3.1 EXPERIMENTAL MATERIAL 

The basic material for conducting the experiments consisted of nine elite 

monoecious lines and [our pistillate lines obtained [rom Directorate of Oilseeds 

Research, Rajendranagar, Hyderabad. A total of four experiments were conducted 

to achieve the objectives. 

3.1.1 Inheritance of some morphological characters 

Nine parents viz., VP-l,' DPC-9, LRES-I7, Gccta, DCS-9, DCS-27, SH-

72, 48-1 and Co-l having diverse morphological traits (Table 3.1) were selected 
I 

1'01' studying the mode of inheritance or certain traits. 
- , 

Table 3.1: Morphological characteristics of the paren ts ------_. .. -_- - --_ - - --- _.--- ---
PnJ'cnts Lcur Stcm B1uom Spinincss Internude 

shallC colour of capsule naturc 
Pistillate lines 
VP-I (Plate 3A) Cup Green :rriple __ Spiny Condensed 

DPC-9 (Plate 3B) Flat Green Zero" Spiny Elongated 

LRES-17 (Plate 3D) Cup Green Triple Spiny--- -- Condensed 
\ 

Geeta (Plate 3C) Flat Red DQlIblq Non Spiny Elongated 

Monoccious lincs . , 
DCS-9 (Plate 4A) Flat Red Double Spiny Elongated 

DCS-27 Flat Mahogany Double Spiny Elongated 

SII-72 (P!Hte 4(3) Flat Green ()ollbl~ Spiny Elongated 

48-1 (Plate 4C) Flat Red Double Non Spiny Elongated 

Co-I (Plate 4D) Flat Green Zero Spiny Elongated 



Plate 1: Overall view of the experimental plot 

Plate 2: Castor spikes bagged to perform selfing and crossing 



Platc 3: Fe~nale parents used in inheritance study of 
i 

morphological characters 

3A: VP-l :'Cup leaf, green stem, triple bloom, spiny capsule, 

condensed internode 

3B: DPC-9: Flat leaf, green stem, zero bloom, spiny capsule, 

elongated internaL 

3C: Gccta: Flat leaf, rell stcm, double bloom, nOll spllly 

capsule, elongated internode 

-3D: LRES-17: Cup leaf, green stem, triple bloom, SpInY 

, carsule, condensed internode 



l>latc 4: Malc j parcnts uscd in inhcritancc study of 

------

4A: 

t 
morphological charactcrs 

DCS-9 : Flat leaf, red stem, double bloom, spiny capsule, 

elongated internode 

4B: SH-72: Flat leaf, green stem, double bloom, spiny 

capsule, elongated internode 

4C: 48-1: Flat leaf, red stem, double bloom, non spiny 

capsule, elongated internode 

40: Co-t: Flat leaf, green stem, zero bloom, spiny capsule, 

elongated internode 





3.1.2 Inheritance of fusarium wilt resistance 
26 

Wilt resistant castor cultivar, 48-1 and susceptible cultivar, VP-1 were 

utilized for studying the inheritance of fusarium wilt resistance in castor. 

3.1.3 Combining ability studies 

Thirteen castor genotypes involving nine monoecious lines and four 

-" 
pistillate testers (Table 3.2) were utilized for combining ability studies. 

Table 3~2: Lines and testers involved in combining ability studies 

Parent Entries I 

Mulcs (lincs) DCS-5, DCS-9, DCS-27, DCS-84, DCS-85, SII-72, iJ8-1, /\ VR-I, Co-I 

Females (testers) VP -I, DPC-9, LRES-17, Geeta 

These nine lines and four testers were crossed in line x tester fashion to 

obtain 36 hybrids and were analyzed for combining ability. 

3.1.4 Heterosis and inbreeding depression studies 

The 36 hybrids developed from nine monoecious lines and four pistillate 

testers (Table 3.2) were studied to pbtain information on heterobeltiosis and 

. standard heterosis over checks, Kranti and DCH-177. 

The F2 population was generated from eight cro~ses selecte~ based on seed 

. - \ 

yield of F 1 hybrids two each from four pisitillafe-entries. These eight crosses were 

-----
observed for inbreeding depression studies. 



3.2 METHODS 

3.2.1 Inheritance of some morphological characters 

The parents mentioned in Table I were crossed in different fashions on the 
, 

basis of their contrasting morphological traits. A total of nine crosses viz., VP-l x 

DCS-9, VP-l x 48-1, VP-l x DPC-9, VP-l x Co-I, DPC-9 x SH-72, DPC-9 x 

48:1, LRES-17 x Co-I, Geeta x DCS-27 and. Geeta x SH-72 were attempted 

during rabi 2000-2001. In kharif2001) all the nine crosses were selfed \0 produce 

the F 2 seed and back crossed to either parents (using F I as female) to. generate B I 
I 

and B2 families. During rabi 2001-2002 all six generations (PI; P2, FII F2, BI and 

B2) were raised to study the inheritance pattern of certain morphplogical traits. 

The crosses studied for mode of inheritance of different characters are 

presented in the Table 3.3. 

Table 3.3 : Crosses studied for mode of inheritance of different characters 

Character 

Leaf shape 

Stem colour 

Bloom nature 

Spininess of 
capsule 
Internode nature 

: 

- Crosses 

VP-l x DCS-9, VP-l x 48-1, VP-I x Co-I, LRES-17 x Co-I 

VP-I x DGS-9,~ VP-l x, 48-1, DPC-9 x 48-1, Geeta x SH-72, 

Geeta x DCS-27 

VP-l x DCS-9, VP-l x 48-1, VP-l, x Co-I, LRES-17 x Co-I, 

DPC-9 x SH-72, DPC-~ x 48-1 

VP-I x 48-1, DPC-9 x 48-1, Geeta x D~C-S-2.7, Geeta x SH-72 
~----

VP-I x DCS-9, VP-l x 48-1 

In each cross,a population of 15 plants in parents and hybrids, 200 to 300 

plants in F 2 and 100 to 200 plants each in B I and B2 generations were studied to 
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record the segregation pattern for each character. Further, joint segregation was 

also observed for different character combinations. 

3.2.2 Inheritance of fusarium wilt resistance 

~ 

The hybrid, VP-l x 48-1 along with its parents VP-l (susceptible) and 

48-1 (resistant) were grown at Directorate of Oilseeds Research, Hyderabad 

during rabi 2000-2001. The resistant parent, 48-1 w_as grown in pots infected with 

fusarium inoculum. The F I was selfed to get F2 and also backcrosses we~e made 

with both the parents to generate B I and B2 population. In case of 48-1 parent, the 
, 

plants which showed resistance under pot culture were utilized for collecting 

pollen for backcrossing. Further, the six generations (Ph P2, F I. ,F2, BI and B2) 

were grown in sick plots during kharif2001 at Directorate of Oilseeds Research, 

Hyderabad. Five rows each for Ph P2 and FI and 50 rows for F2 and 25 rows each , . ,'" .. 

Jor BI and B2 were maintained to record resistant and susceptible reaction. A 

susceptible check, Aruna and a resistant che.ck, DCS-9 _ were included at every 

five test rows. Plants were classified in each population classes as resistant and 
_ ~. 

~ 

susceptible based on the plants survived and wilted, respectiyely. The plants dead 

at different stages of duration upto 150 days were classified as susceptible. 

3.2.3 Combining ability studies 

'Four pistillate testers (females) were crossed with ri'ine monoecious-Iines 

(males) in a line x tester mating design to obtain 36 hybrid~ during rabi 2000-
, 

2001. The 36 crosses along with their parents and two 'ch~cks viz., DCH-177, 

Kranti (a total of 51 entries) were grown during rabi 200 1-2()02 in a randomized 



block design replicated thrice. The plot size for each entry was two rows of five 

111 length. 

3.2.4 Inbreeding depression . -
Among the 36 crosses obtained from nine lines and four testers, eight 

crosses were selected based on seed yield of F I hybrids, two each from four 
~. 

different pisitillate entries. These eight crosses were selfed to produce the F2 

generation during kharif, 2001. Open pollinated seeds were also collected trom F I 
i 

plants for comparative study of extent of inbreeding depression under selfed and 

open pollinated conditions. The F I and F2 generations (both selfed and open 

pollinated) were evaluated during rabi 2001-2002 laid out in a RBD replicated 

twice. The plot size for each entry was two rows of five m length for F IS and five 

rows of nve m length for F2 generation. A random sample of five plants from FI 

and 30 plants from F2 generation in each replkation were utilized to record the 

observations. 

3.2.5 Crossing/selfing programme 

Crossing 

After complete emergence of spike and before flo~er opening, selected 

spikes in both female and male parents were covered with qutter papcrbags in 

order to avoid contamination and to collect pollen from selected male parents. 
t , , ~ 

When crosses ~ere made between two monoecious parents't the female parents 
J 

were emasculated by removing male flowers before flower opening. After 

emergence of stigma in the female parents, pollen collected in petriplates from 

the desired male parents were applied on to the stigma with the help of small 
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camel hair brush and spikes were covered with butter paper bags. This procedure 

of pollination was repeated on every alternate days until all the flowers in spike 

were open. As the spikes increase in length, the spikes were covered with another 
/ 

butter paper bag one above the other by tearing the top of previous butter paper 

bag (P~ate 2). Mean while, proper care was taken to avoid selfing with the 

environmentally sensitive interspersed staminate flowers by removing them 

before opening as and when they appear. 

Selfing 

For generating F2 population, the FI hybrids were selfed. To achieve 

selling, spikes were bagged without emasculation after complete emergence of 

spike and before flower opening, Further, care was taken to avoid transfer of 

foreign pollen by tearing off of butter paper bag. 

3.2.6 Crop management 

Recommended package of practices was adopted to raise a healthy crop. 

The field was uniformly fertilized at the rate of 80 kg N, 40 kg P20S and 30 Kg 

K20 per hectare. A spacing of 90 x 60 cm was maintained in all the experiments. 
, -

\ 

Irrigations were given as and when required. Necessary prophylactic measures 

. -~----

were taken up to safegum:d the crop from pests and disease$. Overall view of the 
I 

experimental plot is shown in Plate 1. 

3.3 OBSERVATIONS RECORDED 

Observations were recorded on competitive' plants of variable number 

depending on the generation in each replication and the mean values were worked 

out. However, for the traits viz., days to 50 per cent flowering and days to 
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maturity the observations were recorded on whole plot basis. The particulars of 

characters studied are as follows. 

3.3.1 Days to 50 per cent flowering 

/ 
The number of days taken from the sowing to the first flower appearance 

in 50 per cent of plants in each plot was recorded. 

/' 

3.3.2 Days to maturity 

Number of days taken from sowing date to the date when all the ,capsules 

i 

in the primary spike of all the plants i~n the plot turned to brown and matured was 

recorded. 

3.3.3 Plant height (em) 

From the ground level to the base of the primary spike, the plant height 
\ 

was recorded in centimeters. 

3.3.4 Number of nodes 

After the emergence qf the primary spike, the number of nodes up to 

primary spike was recorded. 

3.3.5 Primary spike length (cm) 
, 

The primary spike length was- measured in centimeters at'the time of - , 

harvest. 
--~-.-

3.3.6 Effective spike length (cm) 

i 

Portion of the primary spike covered with capsule~ was measured m 

centimeters at the time of harvest. 



3.3.7 Number of capsules per primary spike 

The number of matured capsules per primary spike was counted after the 

harvest. 

3.3.8 100-seed weight (g) 

One hundred randomly selected dried seeds were weighed (with the help 

./ 

of an electronic top pan balance) and recorded ih,grams. 

3.3.9 Seed yield per plant (g) 

Seed yield of single plant (total of three pickings) was recorqed in grams 

after thorough drying and shelling. 

3.3.10 Oil content (%) 

The seed oil content was determined by Nuclear Magnetic Resonance 

technique in the laboratory of Directorate of Oil seeds Research, Rajendranagar, 

Hyderabad and expressed as per cent. ' 

3.4 STATISTICAL PROCEDURES 

The data recorded were subjected to the following statistical analysis. 

3.4.1 Study of segregation 

, -
The data from F2 and back cross gene~'!.ti0!l~_for different characters were 

subjected to chi-square test of goodness of fit. ~hi-square was calculated using 

the formula given below. 

Where, 

x2 = L (O-E)2 
E 

o = Observed frequency of a class 
E = expected frequency of a class 

1'}.-
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Significance of X2 value was measured by referring to chi-square 

probability table at (n-l) degrees of freedom, where n represents number of 

distinct classes. 

" In cases of joint segregation, whenever the chi-square values were 

significant the recombination frequencies were worked out from F2 data using the 

/ . 
formula given by Richharia et al. (1966). 

p= 

Where, 

p = recombination-fraction 

nl = al + 1 

n2 = a2 + 1 

n3 = a3 ~ 1 

11" = a., + I 

al = frequency of X_ Y _ .pnenotypes 

a2 = frequency of X _ yy phenotypes 

a3 = frequency of' xx Y _ phenotypes 

at = frequency of x,:, yy _phenotypes 

assuming X and Y are the genes governing two characters \ 

From P valueJ recombination frequency (RF) or cross over value IS - , -_ 
calculated as follows. ----

Coupling phase RF = 1-# 

Repulsion phase RF=# 
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Recombination frequency was also calculated from backcross segregation 

data with the formula. 

No. of recombinants 
RF = ------------------;------

Total progeny 

3.4.2 Analysis of variance 

The data were analyzed separately for each character through randomized 

block design (Panse and Sukhatme, 1961) as given below. 

Source Degrees of freedom Mean sum of squares F-value 
Replications 
Treatments 
Error 
Total 

Where 

(r-l) 
(t-l) _ 

(r-l) (t-l) 
(rt-I) 

r = Number of replications 

t = Number of treatments (genotypes) 

Mn Mt and Me represent for mean squares due to replications, treatments 

and error, respectively 

3.4.3 Combining ability analysis 

Analysis of variance was-carried out as per the lin~ x tester model given 

by Singh and Chaudhary (1985). 

Source 
- Replications' 

Genotypes 
Parents 
Crosses 
Parents V s Crosses 
Lines 
Testers 
Lines x Testers 
Error 

ANOV A for line -x tester design \ 
Degrees of freedo~ 

(r-l ) 
(n-I) 
(p-I) -
(c-l) 

1 
(1-1 ) 
(t-l ) 

(I-I) (t-1) 
(r-l) (1-1) 

Mean sum of squares 

-~----
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Where, 
r = number of replications 

n = number of treatments/genotypes 

p = number of parents 

c = number of crosses 

= number of lines 

t = number of testers 

The· significant difference for each source of variation was verified by 

applying the 'F' test of Fisher and Yates (1967). 

3.4.4 Estimation of combining ability 

The analysis of combining ability was based on the method of 

Kempthome (1957). The covariances of half sibs and full sibs were used to obtain 

the estimates of general and specific combining ability and their variances. 

Source Degrees Sum of squares Mean Expected mean squares 
of sum of 
freedom squares 

Replications' (r-l ) X2 X2 .. k ... 
-_ ...... --- - -------

It Itr 

Crosses (It-l ) Xl .. 
IJ. - X2 

- -------
r Itr 

Lines (1-1) X2. 
I.. 

X2 MI 0' 2 + r[(cov (F.S) - 2 cov 
... -------- (I-I.S) _:t- tr cov (H.S)] tr Itr 

- - \ 
\ 

Testers (t-l) X2. 
.J. 

X2 
M2 -- cr 2 + r[(cov (F.S) - 2 cov -_ ... _--- - ------- .. (H.S) -tjIr COy (H.S)] It Itr 

\ 

Lines x (1-1) (t-l) SS (crosses) - MJ" ; 0'2 + r[(cov (F.S) - 2 cov 
Testers SS(lines) - ; (H.S)] SS (testers) 

. Error (r-l) (1t-l) By difference M4 0'2 

Total (1tr-l) X2 
2 ... 

X ijk - --------
ltr 



Where, 

X ... 

X I.. 

X· oJ· 

X .. k 

X .. IJ. 

X'k IJ 

= 

= 

= 

= 

= 

= 

sum of all the Wh hybrid combination over all repIic~tions 

sum of ith line over all testers and replications 

sum of j'h tester over all lines and replications 

sum of Kth replication 

sum of ij'h hybrid combination over all replic~tions 
\ 

ij'h observation in Kth replicatipn 

From the expected mean sum of squares, cov~riance of full sibs [9ov(FS)] 

and covariance of half sibs [cov(HS)] were estimated using the formula~'given by 

Dabholkar (1992). 

MI + M2 - 2 M3 
cov(HS) = -----------------------­

r(l+t) 
(King et al., 1961) 

1 . 
cov (FS) = - [ MI + M2 + M3 - 3 ~ + r cov (HS) (6-1-t)] 

3r : 

3.4.5 Estimation of variances 

I 

After evaluating the cov(HS) and cov(FS) using the above equations, 

variance due to general combining ability (cr2 gca) and variance due to specific 

combining ability (cr2 sca) were estimated as : 

-_-'--
cr2 gca = cov( lIS) 

cr2 sca = cov(FS) - 2 cov(HS) 

3.4.6 Estimation of degree of dominance and predictabi~ity ratio 

Degree of dominance was calculated from the formula given by Baker 

( 1978). 

36 



Degree of dominance ~ ~ -;~;:::-
Predictability ratio was calculated from the formula, 

2 2, 
cr gea 

Predictability ratio = 
2 2 2 cr gea + cr sea 

3.4.7 Estimation of combining ability effects 

The additive model used to 'estimate the gca and sea effects of the ijkth 

observation was 

Where, 

= 
= 
= 
= 

population mean 

gca effec't of ith thale parent" 

gca effect of /h female parent 

sca effect bf ijth combination 

eijk = error associated with the observation Xijk 

= Number of male parents 

J = Number of female parents , 

k = Number of replications" ,_ \ 

The individual effects were estimated as follows _-' . 

x ... 
Jl = 

Itr 

Where, 
X ... = total of all hybrid eombinationsover all replications 
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Xi .. ' X ... 
gca effect of ith line (gj) = 

tr Itr 
Where, 

Xi.. = Total of ith line over all testers and replications 

X ... 
gca effect of jth tester(gj) = 

Ir ltr 

Where, -t 

X.j. = Total of jth tester over all lines ~nd replications 

X.j . X ... Xij' 
Sca effects of ijth_cross (Sij) == -------- + ------- / 

r tr Ir Itr 

Where, 
Xij, = Wh combination total over~ll replications 

3.4.8 Standard errors for combining ability effects 

The standard errors (SE) pertaining to gca effects of lines and testers and 

sca effects of different combinations were calculated as follows. 

-
SE (gi) lines (gca for lines) = t J

II2 

I Error variance 

_ ,rt 

SE (gi) testers (gca for testers)= 

., 

SE (Sij) line x tester combination = t -jll2 2 Error variance \ 

----------;----------' ; 
Where, 

r = number of replications 
1 = number of lines 
t = number·oftesters 

~---
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3.5 ESTIMATION OF HETEROSIS 

The deviation of F I hybrid from better parent and standard check 

representing' the heterobeltiosis and standard heterosis respectively, were 

calculated using standard formulae / 

F1-BP 
Heterobeltiosis = x 100 

./ 

BP -, 

Standard heterosis = x 100 
'--
Check 

Where, 

Pi = mean of the F I hybrid 

BP = mean of the better parent value 

Check = mean of the standard check 

To test the significance of heterosis the following formulae given by 

Arunachalam (1976) were used. 

For heterobeltiosis tenl 

~2 EMS/r 

FI-Check 
_For standard heterosis teal = -------------­

--J2 EMS/r 

Where, 
EMS = error mean sum of squares 
r = number of replications 

-----

The calculated 't' value was compared with 't' table value at the 

respective error degrees of freedom to test the significance of heterosis. 
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3.6 ESTIMATION OF INBREEDING DEPRESSION 

The inbreeding depression for each character was calculated from the 

formula used by Miller and Marani (1963) 

Where", 

F I - F2 
ID = -----..:::----- X 100 

FI 

ID = inbreeding depression 

F I = Mean of F I population 

F2 = Mean ofF2 population 

/ 

( 

To test the significance of inbreeding depression the following formula 

was used. 

VEl = EMS from FI ANOVA 

VE2 = EMS from F2 ANOV A 

r = Number of replications 

The calculated 't' value was compared with 't' table value at the 

respective error degrees of freedom to test the signi~cance of _inbreeding 

depression. __ .-

ItO. 
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CHAPTER IV 

RESULTS 

Results of the present investigation on "Genetic analysis of some 
/' 

qualitative and quantitative traits in castor" are presented here under the 

following headings. 
. ./ 

1. Inheritance of certain morphological characters: 

2. Inheritance of fusarium wilt resistance 

3. Combining ability studies. 

4. Heterosis and inbreeding depressiol). 

4.1 INHERITANCE OF CERTAIN MORPHOLOGICAL CHARACTERS 

An experiment was conducted to study the inheritance of five . , 

morphological characters in castor utilizing nine parents (Table 3.1). Crosses 

were made between the parental lin~s 'possessing contrasting morphological 

traits for the respective char';lcters studied (Table 3.3). The Fls were selfed to 

generate F2, and back cross~d tq obtain BI and B2 families and were 
, 

evaluated for segregation of each character separately and in combination 
, . 

with other traits. 

4.1.1 Segregation of individual characters 
"_---

... 
4.1.13 Leaf shape 

The inheritance of leaf shape was studied in four crosdes namely, 

VP-l x DCS-9, VP-l x 48-1, VP-l x Co-l and LRES-17 x Co-l and results 
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-
are furnished in Table 4.1. The parents, VP-I and LRES-17 had cup shape 

leaves, whereas DCS-9 and Co-l had flat leaves,. 

In the cross, VP-l x DCS-9 all the .F I hybrids expressed flat leaves 

(Plate 5), while the F2 popUlation segregated in the ratio of 3 flat: 1 cup 

leaved plants (Plate 7). The back cross of VP-l x DCS-9 with CUp leaved 

/ 

parent (VP-l) gave a segregation ratio of 1 flat: 1 cup leaved plants. Further, 

back cross of VP-l x DCS-9 with flat leaved parent (DCS-9), qid not 

segregate and the entire progeny was with flat leaves. 

Similarly in remaining three crosses viz., VP-I x 48-1 (Plate 6), VP-I 

x Co-I and LRES-17 x Co-I, the F J individuals had flat leaves and their F2 

population exhibited a segregation ratio of 3 flat : 1 cup leaved plants. The 

\ 

back crosses of F J s with respective cup leaved parent segregated at a ratio of 

1 flat: 1 cup leaved plants. Further, the, entire backcross progenies involving 

respective flat leaved parent had flat leaves with out a'ny segregation. 

4.1.1.2 Stem colour 

Inheritance of stem colour was studied in five crosses viz., VP-l x 

DCS-9, VP-I x 48-1, DPC-9 x 48-1, Geeta x SH-72 and Geeta x DCS-27 and 
, 
\ 

results are presented in Table 4.2. The parents, VP-f, DPC-9 and SH-72 had 
~-.--

green colour stem, whereas DCS-9, 48-1 and Geeta had red stem and 

DCS-27 had mahogany colour stem (Plate 8). 

The FJ individuals of cross, VP-l x DCS-9 ha~ red colour stem 

(Plate 5), whereas a segregation of 3 red: 1 green stem plants were observed 
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Plate 5: F 1 \ of cross, VP-l x DCS-9 showing flat leaf, red stem, 
--------

. tri~le bloom, spiny capsule and elongated internode 

Plate 6: F 1 of cross, VP-l x 48-1 showing flat leaf, red stem, triple 

bloom, partial spiny capsule and elongated internode 

Plate 7: Phenotype of parents, F 1 and F2 generation for leaf shape 

in cross, VP-l x DCS-9 

Plate 8: Stem colour of parents, Geeta (red) and DCS-27 

(mahogany) 
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_- --~~-

Plate 9: Fi ofcross,J)PC-9 x SH-72 showing partial double bloom 
\ -

Plate 10: F 1 of cross, DPC-9 x 48-1 showing partial double bloom 

Plate 11: Segregahon for bloom nature as double, partial double and 

zero bloom represented by jassid attack in the F2 of cross, 

DPC-9 x 48-1. Zero and partial double bloom plants 

showed susceptible to jassids. 
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in F2 generation. The backcross of VP-l x DCS-9 with parent having green 

stem (VP-l) gave a segregation ratio of 1 red: 1 green stem plants. However, 

the backcross of F I hybrid. with red stemmed parent (DCS-9) yielded plants 

all with red stems. / 

Similarly in crosses, VP-l x 48-1 (Plate 6), DPC-9 x 48-1 (Plate 10) 

./ 

and Geeta x SH-72, all the F 1 hybrids had red s.tem and their F2 population --

segregated at a ratio of 3 red : 1 green stem plants. The back crosses also 

corroborated with the F2 segregation pattern. / 

However in cross Geeta x DCS-27, the F 1 plants had red stem, 

whereas the F2 generation exhibited segregation with a ratio of 3 red : I 

mahogany stem plants. The backcross of F I plants with parent having 

mahogany stem (DCS-27) resulted a progeny segregated at 1 red : 1 

mahogany stem plants, while backcross proge~y of (Geeta x DCS-27) x 

Geeta had red stem plants without segregati-on. 

4.1.1.3 Bloom nature 

Six crosses namely, VP-l x DCS-9, VP-I x 48-1, VP-l x Co-I, DPC-9 

x SH-72, DPC-9 x 48-1 and LRES_-17 x Co-l were studied. The parents, 

. - - \ 
VP-l and LlillS-17 had triple bloom, DCS-9~- SH-72 ~lfld 48-1 had double 

bloom and DPC-9 and Co-l had zero bloom. ~----

In the cr.osses, involving triple bloom vs. double ;bloom ~iz., VP-l x 

DCS-9, VP-l x 48-1, the F I plants had triple bloom (Plate 5 & 6), while the 

F2 popUlation 9ave a good fit to 3 triple bloom : 1 double bloom ratio 
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(Table 4.3). Further, backcross of F 1 plants with .respective double bloom 

parent resulted progenies segregated at the ratio of 1 triple bloom: 1 double 

bloom. However, backcross progenies involving VP-I (triple bloom) as , 

recurrent parent had all the plants with triple bloom. 

In ca·se of crosses· involving triple bloom vs. zero bloom viz., VP-l x 
\ 

Co-I and LRES-17 x Co-I, the F 1 plants appeared similar to double bloom, 

J 

but a slight bloom was observed on dorsal surface of leaf (part.ial triple 

bloom) (Table 4.4). 

The segregation pattern in F2 generation of both the crosses gave a 

good lit to the 1 triple bloom : 2 partial triple bloom : 1 zero bloom ratio. 

Further, backcross progenies of both the crosses involving respective triple 

bloom parent as recurrent parent had a ~egregation ratio of 1 triple bloom: 1 

partial triple bloom, whereas, backcross of F IS with Co-I parent (zero bloom) 

yielded the progenies with segregation-ratio of 1 partial triple: 1 zero bloom. 

The F 1 plants of crosses involving zero bloom vs. double bloom viz., 

DPC-9 x SH-72 (Plate 9) and DPC-9 x 48-1 (Plat~ 10) had morphology 
\ 

-similar to single bloom, but very slight bloom was .,observed on ventral 
.-~----

surface of leaves which were explained as partial dou.bl~1 (Table 4.5). The F2 

progeny of both the crosses segregated with the good. fit!to 1 double bloom: 

2 partial double: 1 zero bloom ratio (Plate 11). Further, jback crossing of F ,s 

of both the crosses with zero bloom parent (DPC-9) resulted the progenies 

segregated in the ratio of I partial double : 1 zero bloom, whereas backcross 
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· , 

progenies of (DPC-9 x SH-72) x SH-72 and (DPC-9 x 48-1) x 48-1 gave a 

good fit to 1 double : 1 partial double bloom ratio. 

4.1.1.4 Spininess of capsule 

/ 

Four crosses viz., VP-I x 48-1, Geeta x DCS-27, Geeta x SH-72 and 

DPC-9 x 48-1 were studied with a view to record inheritance pattern of 

./ 

spininess of capsule and results are furnished' in Table 4.6. The parents, 

VP-I, DCS-27, SI-I-72 and DPC-9 had spiny capsules, whereas the parents, 

48-1 and Geeta were non spiny. 

In the cross, VP-l x 48-1, the F 1 plants had partial spiny capsules 
_.. 

(Plate 12), while the F2 population exhibited the segregation ratio of 1 spiny: 

2 partial spiny : 1 non spiny (Plate 13). Further backcross of VP-l x 48-1 

with spiny parent (VP-l) yi'elded the progeny segregated with a good fit to I 

spiny: 1 partial spiny ratio, however, th~ backcross progeny of (VP-I x 48) x 

48-1 segregated at the ratio of 1 partial spiny: 1 non 'spiny. 

Similarly, in rest of the crosses,~ Geeta x DCS-29, Geeta x SH-72 and 

DPC-9 x 48-1, the F I plants had partial spiny capsules, and their F2 

population segregated at the ratio of 1 spiny : 2 parti~l spiny: I. non spiny. 

Further, the segregation of backcross generations also corroborated with the 
.-~.--

F2 segregation pattern in all the three crosses. 

4.1.1.5 Internode nature' 

Inheritance of internode nature (condensed vs. elongated) was studied 

'in two crosses viz., VP-l x DCS-9 and VP-l x 48-1' and results are presented 
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Plate 12: F I of cross,_VP.: 1 x 48-1 showing partial spiny capsule 
\ 

Plate 13: Phenotype of parents, Fl' and F2 generation for spininess of 
\ 

capsule in cross, VP-l x 48-1 

Plate 14: VP-l showing condensed internode' 

Plate 15:' Internode nature of parents VP-l (condensed), 48-1 

(elongated) and DCS-9 (elongated) 
/-

). 
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-
in Table 4.7. The parent, VP-l had condensed' internode and the parents, 

DCS-9 and 48-1 had elongated internode (Plate 14 'and 15). The results 

revealed that the F I plants of both the crosses had elongated internodes (Plate 

5 and 6), whereas their F2 progeny exhibited the segregation for internode 

nature with a good fit to 3 elongated : 1 condensed ratio. Further, the 
~ 

~ 
backc~ross ~h the F, plants with VP-l (cqndensed internode) resultedKhe 

,8') \ 
progen/ ~egregated at the ratio of 1 elongated: 1 condensed. H0'Yever, the 

I 

backcross progenies of (VP-I x DCS-9) x DCS-9 and (VP-l x 48-1) x 48-1 

did not segregate and had elongated internodes. 

4.1.2 Joint segregation for di~erent traits If'" 
To study the presence of linkages or PleiotrOZy if any among the 

. ) 
genes controlJing the traits under consideration, . int segregation was 
~eJt . 

re~ed tor different character co~binations and the results are presented 

here under. 

4.1.2.1 Leaf shape, stem colour a_nd bloom nature 

Two crosses viz., VP-I x DCS-9 and VP-l x' 48-1 were studied for 

joint segregation of leaf shape, stem colour and bloom nature simultaneously 

and results are presented in Table 4.8.-ln -both the \ crosses, the F, progeny 

was with flat leaves, red stem and triple bloom (Plate 5 and 6),-wneteas their 
\ 

F2 popUlation was segregated with a ratio of 27 : 9 : 9: 3 : 9 : 3: 3: 1 of flat 
: i 

leaf, red stem, triple bloom (FRT) : flat leaf, red stem, double bloom (FRD): 

cup leaf, red stem, triple bloom (CRT): cup leaf, red stem, double bloom 

(CRD): flat leaf, green stem, triple ,bloom (FGT): flat leaf, green stem, 

)~ 
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double bloom (FGD) : cup leaf, green stern, triple bloom (CGT): cup leaf, 

green stern, double bloom (CGD), respectively (Plate 16 and 17). Further, the 

backcross populations of (VP·I x DCS·9) x VP·I and (VP-I x 48·1) x VP·l 

showed a good fit to 1 FRT : I CRT~ 1 FGT : I CGT ratio. However, the 

backcross progeny of (VP-I x DCS·9) x DCS-9 and (VP·l x 48-1) x 48-1 

gave the plants segregated at 1 FRT : 1 FRD ,ratio. 

4.1.2.2 Leaf shape and bloom nature I 

I 

Two more crosses viz., VP-l x Co-I and LRES-17' x ; Co-I were , \ 

studied for joint segregation of leaf shape and bloom nature and results are 

furnished in Table 4.9. The perusal of results showed that F I hybrids of both 

the crosses had flat leaves and partial triple bloom (double bloom with slight 

bloom on upper surface of leaf). The F2 progeny of both the crosses 

segregated at a ratio of 3 flat, triple: 6 flat, partial triple: 3 flat, zero bloom: 

1 cup, triple : 2 cup, partial triple : i cup, zero bloom (Plate 18). The 

backcross of F I s to respective cup leaf, triple bloom parent resulted the 
". 

progeny segregated for leaf-shape and bloom with a good fit to I: 1: 1: 1 ratio 

of flat,' triple: flat, partial triple: crop, triple: crop, partial triple. Further, 

backcross progeny involving Co-l parent (flat~ ~~ro bloom) gave a segrega· 

tion of I flat, partial triple: 1 flat zero bloom. _ -_-- --

" , 
4.1.2.3 Stem colour, bloom nature and spininess of ~apsule 

A cross, DPC-9 x 48-1 was attempted to study the joint segregation of 

I 
stem colour, bloom nature and spininess of capsule." The F I hybrid of the 

cross had a phenotype with red stern, partial double bloom (single bloom 
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\ 

_- --J2I-ate 16A: A recombinant in F2 generation of cross, VP-l x DCS-9 

f 

- showing n.a~ leaf, elongated internode, red stem and triple 
, 

- bloom > 

Plate 16B: A recombinant in F2 generation of cross, VP-l x DCS-9 

showing flat leaf, e~ongated internode, green stem and double 

bloom 

Plate 17 A: A recombinant in F2 generation of cross, VP-l x 48-1 

showing green stem, triple-bloom and non spiny capsules 

, 

Plate 178: A recompinant in F2 generation of cross, VP-I x 48-1 

showing red stem, double bloom and spiny capsules 





, 

Plate 18 : A recombinant in F2 generation of cross, VP-l x Co-l 
~ 

showing,cup leaf, condensed internode and zero bloom 

Plate 19A: A recombinant in F2 generation of cross, DPC-9 x 48-1 

showing red stem, zero bloom ahd spiny capsule 

Plate 19B: A recombinant in F2 generation of cross, DPC-9 x 48-1 

showing red stem, zero bloom and non spiny capsule 

Plate 19C: A recombinant in F2 generation of cross, DPC-9 x 

48-1 showing red stem, double bloom and spiny 

capsule 
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with slight bloom on lower surface of leaf) and partial spiny capsules. The F2 

progeny of the cross was segregated at a product ratio of (1 spiny; 2 partial 

spiny; 1 nonspiny) (1 double bloom; 2 partial double; 1 zero bloom) (3 red; 

1 green) Le., J ; 6 ; 3 ; 6 ; 12 ; 6 ; 3 ;- 6 ; 3 ; 1 ; 2 ; 1 ; 2 ; 4 ; 2 ; 1 ; 2 ; 1 as 

shown in Table 4.10 (Plate 19). The back cross of F I with DPC-9 parent 

resulted a progeny segregated with a good ·fit to r: 1 : 1 : 1: 1-: 1: 1 : 1 ratio of red, 

partial double bloom, spiny ; red, partial double bloom, partial spiny : red, 
• 

I 

zero bloom, spiny ; red, zero bloom, partial spiny : green, p~rtial double 

-

bloom, spiny; green, partial double bloom, partial spiny;.green, zero bloom, 

spiny: green, zero bloom, partial spiny, respectively. Further, backcross 

progeny involving 48-1 as recurrent parent, had a segregation with a ratio of 

1 red, double bloom, partial spiny : 1 red, double bloom, non spiny : 1 red, 

partial double bloom, partial spiny: 1 red, partial double bloom, non spiny. 

4.1.2.4 Stcm colour and spinincss of..capsulc 

Three crosses, namely V~-l x 48-1, Geeta x DCS-27 and Geeta x 

-
SH-72 were made to study the joint segregation of stem colour and spininess 

of capsule and results are presented in Table 4.11. The F I plants of all the 

crosses had red stem and partial spiny cap~u!~s·.\ The F2 population of the 

crosses segregated at a ratio of 3 red, spiny:. 6 red;' partial spjny. : 3 red, .non 

spiny : 1 green, spiny : 2 green, partial spiny : 1 green, nonspiny. The 
. , 

I , 

backcross progenies involving parent with spiny c:apsules and green stem 

(VP-I, DCS-27 and SH-72) had the segregation w~th a good fit to 1: 1: 1: 1 

ratio of red, spiny; red, partial spiny : green,. spiny : green, partial spiny. 

16.1 
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Further, the backcross of F IS' with respective parent of red, nonspiny 

characters (48-1 and Geeta) resulted the progenies segregated at a ratio of 1 

red, partial spiny: 1 red, nonspiny. 

4.1.2.5 Bloom and spininess of capsule 

A cross, VP-I x 48-1 was studied to know the joint segregation of 

bloom nature and spininess of capsule. The FJ plants were triple bloom with 

partial spiny capsules, whereas the F 2 progeny segregated at a phenotypic 
J 

ratio of 3 triple, spiny; 6 triple, partiaL spiny: 3 triple, non spiny.: 1 double, 

spiny : 2 double, partial spiny : 1 double, nonspiny (Table 4.12). The 

-
backcross of F I to VP-I parent resulted a segregated progeny' with a good fit 

to 1 triple, spiny : 1 triple, partial spiny. Further, back cross progeny 

involving parent 48-1, had a segregation of I: 1 : I: 1 of triple, partial spiny : 

triple, non spiny: double, partial spiny: double, nonspiny . 

. 
4.1.2.6 Leaf shape and spininess of capsule 

The cross, VP-I x 48-1 ,Was studied to know the mode of joint 

segregation of leaf shape and spininess of capsule.· The F I hybrid had flat 

leaves with partial spiny capsules. However, the F2 progeny was not 

segregated at a ratio of 3 flat, spiny : 6 flat, par_tjal spiny: 3 flat, nonspiny: 1 

cup, spiny: 2 cup, partial spiny : 1 cup, nonspiny· (Table 4.13.). However, 

backcross progeny involving VP-I as recurrent parent had not segregated at 
. , , 

I 

an expected ratio of 1 flat, spiny : 1 flat, partial spin~ : 1 cup, spiny : 1 cup, 

partial spiny; The back cross progeny involving 48-1 parent, had a 

segregation with a good fit to 1 flat, partial spiny : 1 flat, nonspiny ratio. 
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Further, in BI generation, the frequency of plants with flat leave, partial 

spiny and cup leave, spiny capsules were very high when compared to plants 

having flat leave, spiny and cup leave, non spiny capsules. 

4.1.2.7 Leaf shape and internode nature 

Two crosses, namely, VP-l x DCS-9 and VP-l x 48-1 were studied to 

know the inheritance pattern of leaf shape and'internode nature together. The 

F 1 individuals of both the crosses had flat leaves with elongated i~ternodes 

(Table 4.14). The F2 progeny of two crosses segregated at 3 flat, ~longated : 

1 cup, condensed ratio, instead of 9 flat, elongated: 3 flat, condensed: 3 cup, 

-
elongated : 1 cup, condensed ratio. Further, backcross proge'ny involving, 

VP-l as recurrent parent had not segregated at a ratio of r flat, elongated: 1 

flat, condensed : 1 cup, elongated : 1 cup, condensed, however, it was 

segregated with a good fit to 1: 1 of flat, elongated: cup, condensed ratio. 

4.2 INHERITANCE OF FUSARIUM WILT RESISTANCE 

The cross, VP-l x 48-1 was attempted to study the mode of 

inheritance of fusarium wilt. The parent, VP-l is susceptible, while 48-1 is 

resistant to wilt. The F" F2 and backcross generations of the cross were 

evaluated under epiphytotic conditions 'by growing iri sJck plots.and recorded 

'. , 

the disease rcactiOlt The results arc presented in Table 4.15. 
\ 

The F I individuals of the cross showed susceptiqle reaction, while the 
, I 

F2 popUlation gave a segregation of 266 susceptible an~ 194 resistant plants. 

The F2 ratio cpnfirms with the expected ratio of 9:7. Further, the backcross 

of F 1 plants with susceptible parent (VP-l) did not segregate and gave all the 
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plants with susceptible reaction, while backcross progeny of F 1 plants with 

resistant parent, 48-1 segregated with a good fiJ to 1 susceptible: 3 resistant 
/ 

plants. 

4.3 COMBINING ABILITY STUDIES 
./ . 

4.3.1 Analysis of variance 

The results of analysis of variance for ten characters are furnished in 
, 

Table 4.16. The analysis of variance showed significant differences among 

the treatments (parents, crosses and checks) for all the characters viz., days to 

50 pCI' cent flowering, days to maturity, number of nodes, plant height, 

primary spike length, effective spike length, number of capsules per primary 

spike, IOO-seed weight, seed yield per plant and oil content. Further analysis 

or variance for combining ability (Table 4.17) r~vealed significant differences 

within parents, crosses, parent vs. cross, lines and line x tester for all the 

characters studied. However, sigliificant differences were also observed 

within the testers for all the traits barring oil content. 

4.3.2 Mean performance of parents and hybrids._ _ 

The mean values of parents and crosses for ten'c!wracters arc famished 
\ 

in Table 4.18. 

4.3.2.1 Days to 50 per cent flowering 

The mean values for days to 50 per cent flowering of lines, testers and 

crosses were recorded as 6l.26, 61.08 and 51.14 days, respectively while, 

'('0 
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TablelS Mean perfonnance orparcnts~ crosses and checks ror ten characters in castor 

~ 

Lines 
DCS-.5 

DCS-9 

DCS-27 

.IJCS.84 

DCS-8.5 

511-72 

48-1 

AVR-l 

Cn·' 

Mun of line!! 
Testers 
VP-t 

OPC-9 

LRES-17 

GEIITA 

Mcan of tC!!tCI"ll 

Crosses 
VP-IX~.5 

VP-I x DCS-9 

VP-I XDCS-27 

VP-l X IJCS...84 

VP-l XDCS-8.5 

VP-l X 811-72 

VP-l X48-1 

VP-l XAVR-l 

VP-l XCo-l 

Ulys to Ulys to Nwnber Plant height 
500/0 

Dowering maturity ofnodcs (an) 

51.00 106.33 10.73 33.93 
45.33 
64.67 
51.67 

51.00 
71.67 
58.67 
63.67 
93.67 
61.26 

65.33 
61.33 

54.00 

63.61 
61.08 

46.00 
44.33 
48.33 
47.00 
44.67 
57.67 

52.00 
53.67 
69.00 
44.33 
44.67 
51.67 
48.00 

101.00 8.80 
114.00 11.67 
115.67 10.47 

109.00 11.33 
128.00 17.27 

121.00 14.87 
125.00 14.30 
149.67 t 8.60 
118.85 13.tt 

127.33 15.40 
124.33 12.93 

114.33 11.53 

125.00 15.47 
122.75 13.83 

106.00 10.83 
102.67 10.20 
1 10.67 1 1.93 
106.33 10.93 
107.00 10.00 
112.33 15.17 
1I2.33 14.60 

36.47 
40.81 
40.20 
39.93 
83.47 
79.40 
56.00 
75.07 
53.93 

35.53 
-61.00 

23.93 

91.40 

54.47 

44.13 
44.80 
57.63 
43.80 
39.73 
66.73 
49.60 

114.67 13.23 44.53~ 

122.67 i6.67 _ 54.53 

102.67 9.47 33.07 
106.33 10.20 42.73 
113.33 12.60 54.27 
113.00 11.00 46.73 

Primary 
spike 
length 
(an) • 

27.57 
30.93 
30.33 

41.13 

35.07 . 
59.13 
50.47 
57.07 
16.13 
38.65 

61.47 
52.47 

54.33 

53.87 
55.53 

51.47 
45.07 
63.53 
49.07 
46.47 , 
71.20 
54.47 
63.73 
44.27 
39.33 
45.53 
50.07 

49.87 

Effective 
spike 
length 
(an) 

24.33 
29.93 
28.33 
37.60 
32.47 
48.73 

41.93 
45.13 
to.6O 
33.23 

54.73 
44.27 

48.27 

51.73 
49.75 

50.07 
.43.87 

60.33 
46.20 
42.53 
55.33 
47.67 
46.73 
35.47 
37.67 
42.00 
47.20 

45.33 

No. of 
capsules 

per primary 
spike 

30.13 
34.47 
41.00 

38.37 
27.87 
65.33 

45.73 
46.33 
20.60 
38.87 

49.53 
54.53 . 

4.1.07 

57.53 
5(1.67 

1000seed 
weight 

(8) 

Seed Oil 
yield per Content 

plant 
<g) (%) 

22.34 200.53 45.29 
28.57 
18.90 

29.55 
30.85 
31.85 

28.32 
4~.82 
74.42 
:34.63 

28.83 

31.71 

28.34 
29.40 

29.57 

31.83 
33.49 
26.11 
30.10 
33.40 
33.02 
31.81 
35.10 
37.90 
35.87 
37.91 
29.63 

37.58 

244.61 46.77 
157.66 45.22 

192.23 44.4 1 
183.58 49.45 
248J}Q 46.09. 

232.63 48.07 
218.67 49.88 
163.97 48.19 
204.66 47.04 

205.65 51.30 
276.05 52.27 

192.26 50.84 

292.76 48.81 
241.68 50.82 

355.20 50.13 
312.53 50.43 
353.84 44.28 
306.90 44.50 
294.73 46.39 
337.80 46.37 

325.1'4 44.70 
301.15 49.48 
195.16 47.79 
280.05 50.72 
337.53 46.98 
353.56 47.94 

290.81 50.90 

IJI'C 9 X DCS-.5 

OPC 9 XDCS-9 

DPC 9 X DCS-27 

OPC 9 X IJCS...84 

OPC 9 X DCS-8.5 

OPC 9 X 811-72 

nrc 9 X4R-l 

50.00 112.33 10.53 35.87 - 38,60 __ 35.07 

56.73 
43.07 
70.20 
41.37 
40.20 
54.67 

51.07 
39.47 
52.20 
40.07 

53.27 
69.60 
51.33 . 

47.27 
59.53 

32.87 251.33 52.64 

DPC9 XAVR-l 

DPC9XCo-l 

lRES-17 X DCS-.5 

LRES-17 X DCS-9 

52.33 
50.67 
51.33 
63.00 
47.33 
44.00 

114.33 11.07 
t 11.00 9.93 
110.33 11.73 
119.00 14.60 
105.33 11.07 
100.33 9.20 

56.33 
52.13 
38.00 
44.00 
35.20 
33.20 

LRES-17XDCS-27 47.67 104.33 11.40 39.00 
LRES-17XIJCS...84 45.33 101.67 10.50 37.40 

43.27 
43.40 
39.27 
37.47. 
44.53 
33.87 
44.13 
35.87 

39.80 35.36 
_ 37.40 47.93 -~-32·.69 

35.41 \ 43.47 40.77 
34.53 ~ 50.40 50.22 

38.93 : 39.20 29.95 
32.00 . 35.40 31.62 

332.11 47.3 1 
228.20 50.01 
282.25 46.30 
255.04 46.32 

274.03 48.73 
215.57 52.08 

40.47 49.73 
33.87 I 40.00 

22.90 311.96 46.27 
29.96 224.88 47.49 
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Table 18 contd .. 

Pri Effective No. of Seed Qlys to mary 
tOO-seed Oil 

50"/0 
Days to Nwnbcr Plant height spike spike rnpsulcs 

weight yield per C(Jnlenl 
num .. 'fing 

mnlurily ofnodcs (an) length length pl.'!" primary 
(g) plant (0/.) 

{an} {an} sEike {g) 0 

lRES-t7 XIJCS.8.5 44.67 10l.()() 9.87 35.00 32.00 30.47 36.60 28.84 191.38 50.95 
lRES-t 7 X 8H-72 47.67 107.00 11.73 47.87 55.47 48.53 53.53 31.66 360.46 49.47 
I..RES-17 X48-1 46.33 104.00 10.80 41.27 48.73 39.60 43.87 32.85 259.56 51.79 
lRES-t7 XAVR-t 46.67 102.33 9.67 40.27 45.40 33.73 32.33 38.41 303.79 51.08 

lRES-J7 Xeo.~ 60.33 ]20.00 ]3.53 38.93 38.87 32.67 43.53 40.01 183.71 49.73 
GEET A X DCS-.5 45.00 105.67 10.93 41.40 38.93 37.33 47.43 29.08 242.82 50.56 
GEETA X DCS-9 48.00 111.67 ]2.73 46.47 47.93 45.47 41.07 33.82 256.43 51.49 
GEETA X DCS-27 53.00 116.33 ]2.47 48.87 36.47 36.00 49.13 25;42 262.95 44.12 
Olrrrr A X JJCS.84 45.00 ]08.67 11..67 51.93 46.53 42.80 38.27 32.32 273.27 45.56 
<mETA X 1)(.:8 .. tt.5 45.00 108.0() 11.13 43.73 41.60 3920 41.53 32.18 250.04 53.04 
(mIIT A X 811-72 65.00 119.33 14.93 71.27 64.53 56.80 61.33 33.58 347.86 48.68 
GEETAX48-t 55.67 114.67 13.40 67.80 38.27 35.60 39.20 33.06 317.90 48.36 
GEETAXAVR-t 62.67 118.67 13.60 68.93 42.13 37.67 40.10 38.89 226.22 50.48 
CTIili, A X Co-t 73.00 134.00 15.20 "67.27 " 38.87 35.33 49.93 42.17 205.64 46.61 
Mean of crosses 51.14 110.56 11.90 47.35 45.84 41.09 47.06 33.68 280.60 48.60 
Grand mean 53.8. 113.07 12.28 49.14 45.31 40.35 45.85 33.52 263.48 48.50 
Checks 
Kranli 47.67 106.67 10.60 43.80 31.07 36.00 36.60 28.08 234.98 45.30 
Del 1-177 44.67 106.33 10.20 42.73 45.53 42.00 53.27 37.91 337.53 46.98 
SE:I:: 2.40 2.27 0.55 3.17 3.17 " 2.85 3.75 0.87 8.98 0.50 
CI)(0.05) 4.69 4.44 1.07 6.22 6.21 5.58 7.35 1.71 17.6] 0.98 
C])(O.OI) 6.17 5.84 1.41 8.18 8.16 7.34 9.66 2.25 23.14 1.28 

~-



checks kranli and DCB-177 recorded 47.67 and 44.67 days, respectively. The 

mean values for crosses ranged from 44 days (LRES-17 x DCS-9) to 73 days 

(Geeta x Co-I). In general, crosses involving LRES-17 tester came to 

Ilowering early, while the crosses involving the line, Co-l were found to be 

very late flowering. 

4.3.2.2 nays to maturity 

The mean values for days to maturity were 118.85, 122.75 and 110.56 

days for lines, testers and crosses, respectively. The mean values.of crosses 

ranged from 100.33 days (LRES-17 x DCS-9) to 134 days (Geeta x Co-I). 

Among the, checks, kranti recorded 106.67 days to maturity, whereas 

DCII-177 recorded 106.33 days. Further, it was observed that the crosses of 

LRES-17 were early maturing, whereas the crosses of Co-I were late 

maturing. 

4.3.2.3 Number of nodes 

The mean values for number of nodes of lines, testers and crosses were 

recorded as 13.11, 13.83 and 12.28, respectively- whlie,' for the checks, the 

. ~ . 
valucs wcre 10.60 and 10.20 for kranti and Del 1-177, respcctivcly,·:-rhe mean 

\ 

values of crosses were in the range of 9.2 (LRES-17' x ;DCS-9) to 16.67 

(VP-l x Co-I). In general, crosses involving LRES-17 tester were with less 

I 

llumber of nodes, whereas crosses with Co-I line had more number of nodes. 



4.3.2.4 Plant height (cm) 

The mean plant heights were 53.93 em, 54.47 em and 47.35 em for 

I ines. testers and crosses, respectively. The mean values of crosses ranged 
"" 

" 

from 33.07 cm (DPC-9 x DCS-5) to 71.27 em (Oeeta x SH-72). The crosses 

, 
involving LRES-I 7 tester were dwarf, whereas crosses invol ving SI-I-72" line 

had more plant height. Among the. checks, kranti rec.orded 43.80 cm,. while 

oeH-177 had 42.73 em plant height. -

4.3.2.5 Primary spike length (cm) 

The mean lengths or primary spikes were recorded as 38.65 em, 

55.53 em and 45.84 em for lines, testers and crosses, respectively. Among the 

lines. SII-72 (59.13 cm) and among the testers, VP-l (61.47 cm) recorded 

maximum primary spike lengths. However, the primary spike lengths of 

crosses were in the range of 32.0- em: (LRES-17 x DCS;-85) to 71.2 em 

(VP-I x SI-I-72). Further, primary spike lengths of checks were 31.07 cm for 

kranti and 45.53 em for DCH-177. 

".J.2.() Effective spike length (em) --
The testers recorded greater average effective spike length (49.75 cm) 

t j 

in comparison to the lines (33.23 cm) and crosses (41.09 c,m). Further, the 

line. SIl-72 (48.73 cm) and the tester, VP-l (54.73 cm) recorded maximum 

elTec.tive spike lengths. Ilowever. among the crosses, it was in the range of 



30.4 7 em (LRES-17 x DCS-85) to 60.33 em (VP-l x DCS-27). For standard 

checks, the effective spike length was 36.07 cm in kranti and 42.00 em in 

Dl'1I-177. 

4.3.2.7 Number of capsule~ per primary spike 

The higher mean number of capsules per primary spike was observed 

I 

in testers (50.67) compared to lines (38.87) and crosses (47.06). The line, 

SH-72 and the tester, Geeta (57.53) had maximum number of capsules per 

primary spike. Further, among the .crosses, it was in the ra~ge of 32.33 

(LRES-17 x ;\ VR-I) to 70.2 (VP-I x DCS-27). In kranti, the' mean ,number of 

capsules per primary spike was 36.60, whereas in DClI-I77, it was 53.27. 

4.3.2.8 IOO-seed weight (g) 

The average IOO-seed weights were .34.63 g, 29.57 g and 33.68 g for 

lines, testers and crosses, respectively while the values were 28.08 g and 

37.91 g for kranti and DCB-ITl, respectively. Among tbe crosses, the values 

were in the range of 22.90 g (LRES-I7 x DCS-27) to 50.22 g (DPC-9 x Co-I) 

. 
for the trait. In general, the crosses involving t!1e line, DCS-27 were with 

lowcr vallics or IOO-sced weight, while crosses with "Co-I linc_llad, higher 

values of 100-seed weight. 

4.3.2.9 Seed yield per plant (g) 

The crosses recorded greater mean seed yield per plant (280.6 g), when 

compared to lines (204.66 g) and testers (241.68' g). Further, the parents, 



SII-72 (248.06 g) and Geeta (292.76 g) recorded maximum values of mean 

seed yield per plant among lines and testers, respectively. However, the 

values were ranged f1:om 183.71 g (LRES-17 x Co-I) to 360.46 g (LRES-17 

x SIl-72) among the crosses for the trait. The checks, kranti and DCH-177 

recorded mean seed yield of 234.98 g and 337.53 g:, respectively. 

4.3.2.10 Oil content (%) 

The testers recorded higher average oil content (50.82 J %) m 

comparison to the lines (47.04 %) and-crosses (48.60 %). Furthe~, the line, 

;\ VR-I (49.88 %) and the tester, DPC-9 (52.27 %) recorded maximum oil 

content. Ilowever, among the crosses oil content ranged from 44.12 per cent 

(Ueeta x DCS-27) to 53.04 per' cent (Geeta x DCS-85). In kranti, the oil 

content was recorded as 45.30 per cent, whereas in DCH-177 it was 48.50 per 
, 

cent. In general, the crosses involving DCS-27 line exhibited low values of 

oi I content. 

4.3.3 Variailces and Degree of dominance 

The components of gca and sca vari~~ce and deg~ee of dominance are 

presented in Tahle 4.19. The perusal of results revealed that the variances due 
i 

to gca were higher in magnitude when compared to variances due to sea for 

I 

all the traits studied except primary spike length, seed yield per plant and oil 

content. Further, the degree of dominance values were near,lto one for primary 

spike length, seed yield per plant and oil content, while for rest of the traits it 

\\"as far less than one. 



Table 19 Variance components of gca, sca and degree of dominance for ten characters 
in Castor 

Character Gca Sca crgc.tcrs~ Degree of Predictability 
variance variance dominance ratio 

(crg~) (crsca) 

1. Days to 50% flowering 18.05 9.07 1.99 0.50 0.80 
2. Days to maturity 20.74 7.91 2.62 0.44 0.84 
3. Number of nodes 1.22 0.95 1.28 0.62 0.72 
4. Plant height 49.70 28.51 ·1.74 0.53 0.78 
5. Primary spike length 26.75 33.88· 0.79 0.80 0.61 
6. Effective spike length 19.98 10.65 1.88 0.52 0.79 
7. Number of capsules 25.33 19.21 1.32 0.62 0.73 

per primary spike 
8. 100-seed weight 9.61 3.38 2.84 0.42 0.85 
9. Seed yield per plant 649.57 1195.96 0.54 0.96 0.52 
10. Oil content 1.02 4.11 0:25 1.42 0.33 

---



4.3.4 Combining ability analysis 

The general combining ability effects (gca) of lines and testers and 

specific combining ability effects (sea) of crosses for different characters are 
./ ' 

presented in Table 4.20 and 4.21 respectively. 

4.3.4.1 Days to 50 per cent flowering 
J 

I 

The gca effects of the lines ranged from -5.89 (DCS:9) to' 15.19 

(Co-I) for days to 50 per cent flowering:- Three lines viz., DCS-9, QCS-5 and 

DCS-X5 recorded signi licant negative gca effects, whereas three lines, 

viz., Co-I, SII-72 and A VR-I had significant positive gca effects. Among the 

testers, LRES-17 recorded significant negative gca' effect (-3.36), whereas 

Greta had significant positive gea effect (3.56)~ 

For the trait, the sea effects ranged from -4.90 (Geeta x DCS-84) to 
~ 

5.77 (Uceta x SII-72). Among the -36 crosses studied, four, crosses exhibited 

significant positive sca effects, while five crosses exhibited significant 

negative sca effects for the trait. 

4.3.4.2 Days to maturity .~-

The gca effects among the lines ranged from -5.64 (DCS-5) to 13.36 
. : ! 

(Co-I) for days to maturity. Further four lines, viz., DCS-5, DCS-9, DCS-85' 

and DCS-84 exhibited significant negative gca effects, while two lines viz., 

Co-l and SI-I-72 exhibited significant positive gca effects. Among the tesfers, 



....... 
<5 

""d 
d) 
d) 
U'l 
I o o 

* * * * * * * * .. .. .. .. .... .... 
V') 0\ V) V) <"I 0\ 

~~N~od~ 

.. * * * * * * * * 
I"-
0\ 
0\ 
~r:t:~g~~ 
\0 r .... r .... NNO 

<"I t (1"'\ \0 I t-, , 

* * * * * * 
\0 0\ V') I"­
\o-:OON 

~'-;' c:? 

* * .. * * .. * * * * 
\0 

* * * * .. * 
t- 0 
~\O~M\OOO 
-..r00000 , 

* * V \OV)VOO o \0 
,,!oo~ 

r .... M , 
r,"! \0 

i ";> 
M "1 "! 0\ r,"! ~ "'t: o -;" O? ('"'I f'l 

* * * * * * * * * * 
0\ V) \0 t- ""'-N -0\ 0\ o N 0\. ~ N 0 0 \0 If) 

c:?c:?..r0'1o\-;=~"i' 

* * * * * * * * * 
1"-'<1" 1"-00000\1"-
"! I"- t-: ''1 t- r.... t-: 0\ 
NNNO..oNO V') 

I I I I I 

* * * * .. o V) 0 
0\"1~ 
o?"(N 

* * .. .. 

.. * * * .. 00\00 
<'1t-:"! 
c;'O?M 

.. * .. .. .. .. 

.. * * .. 
V)O\l'tVVV) 
<'1V)CX1-NO\ 
V) 0 ...... _; 'N N 

* .. 
r .... ('I 0 

~~d 
gg~~~:3o~~V) 
9 ,_ 0 0 MOO 0 

* * * * .. .. * * * * 
V vt-O\ 
~r,"!\O ~~ 
'1 '1 0 t'( f( N 

.. .. .. .. 
t-O\t­
~OOO\ 

~~q 

.. .. .. .. .. .. 
\0<"1 

CX1~V) 
"t"(v 

* * \Ov\O 
o ~ r,"! 
9 0 ...... 

.. .. .. .. 
8~0\~ 
ONo.r)O 

* .. .. .. 
OOO\M\oN<"I 

~o_;ood~ 

* .. * * 
* * * * \0 0\ '''T ('I \0 I"-or: "1" ('I 00 -t: 
00 0\ ('i ,/") ('I ~ Ir) 

t'"'1 ~ ~ 

.. .. .. .. * * V) 00 0\ 
r .... 00 ('I 

-('.,-0 , " 

.. .. .. .. * .. 
r .... l"-ooNO\O('1 

. 00 r,"! -t: I"- 0\ t- r .... 
('I -t Irl a ("'I , 

.. .. * .. .. 
0\ 0 0\ 
Vt;M 
..0,-;,'1 

.. .. .. .. 
"I \0 on 00 

00 N 

* .. .. .. 

I 

V') on 
V) 

Nc;' 

.. .. .. 
"1" r-I \00\ \0 
1- ~ 1- -t: 0\ 
r.... 0 , 

.. * .. .. 
\0 \0 
~~ 00 0\ 

I 

>-.. 
Q) 
,2: ..... 
u 
d) 
0. 
U'l 
d) 
1-0 * * * ,. 

* * * * 
t­ ~ ~ r .... ~ ~ Q) 

0000 ~ 
t- \0 
0 9 ....... 

.. .. .. .. ""d 
v V t- v \0 0\ c:: 
~00~~V)~<'1 cd 
9 0 ,,(vO ~ o 

II) 

-.... .. .. 
\O\Or' 

~~,~ ~ 
I. 

N rf")i '"¢ 

80 



CI) 
CI) 

8 
u 

* * * * * * * * * * * * * * * * * * 1I'l0 
* * * * * * * * * 00 ('<'10 N 
\01'-;00 <"'! 
C"'i 0"':('<'1 

* * * * * * * * 
OO~_,..-c.nM 
~","1'-1I'l1'-0\ 

001'- ('<'100-('<'1 ('<'I \0 0 

"1~0-;,~~~ IC!IC!II") 
-0 ~­('<'IN 

I I I -;,~0999 

* * 
* * * * * * * * * * * * * 

NII'l\o 
IC!OO<",! 
('<'I\Ci('<'l 

N \0 - 00 
\o~I'-('<'I 

oo('<'l-.i-.i ('<'I 

* * * * * * * o 0\\0001'-('<'10\11") 
('<'1('<'100 I'-<",!"'" 11")"," I"'l 

~~~v;i9~~~r-: 

* * * * * "'1('<'1","","('<'I1'-1I'l 
"'"f'if'il'-I'-('<'I 
o -NOO 

I 

* * * * * 

* * * * * * * * * 00 I'- \0 N ('<'I ('<'I 
I'-;N"'1 NOO ('<'l 
~~-:~9~ 

.-~t? 

* 
~~s: 
-:9-: 

~~g~~$ 
v;iN~O~or) 

\0 N 0\ 
II")N~ 

0-.i ~ 
~~~OO~~~~ 
"'j'O~-;,rj'1NO 

* * 
~~;;b~::::~ 
N,,?r-:rj9"'j' 

* * * 

I 

* 
~~~~:g 
"'j'NN-.i9 

* * * 

* * * * * * * * * * *.* * 
~:g~~ OONl'-o\OO ~~~ 

r-: N 
g :n ~' r:: ~ !O ~ ~ 
0v;i0-.iv;i9v;i~ 9'4\Ci'1 

1I")-"'1 N ('<'I 
r-:'1"'j'or)-.i 

'* 
('<'I1I'l","N 
1I'l00"1"'1 
C"'i01l")('<'I 

* * O('<'lll'lll") 

* * \0 0 

"'"-c.?-;, 

C!ONII") 
-;,-.iv;iv;i I 

* * * * * * 00 - 0 ('<'I oooo-<"'! 
00-

I I I 

* * 
~~ o 

* NII")\OII'lIl")OOI'-O 
0;11") "'"C!000<Xl<"'! 
~9-;'99 ('<'I 

-I 

* * * * * * OON\o\oo\OO('<'l-\O 
00('<'1 IC!~('<'I\O~O 

\Ci·-.i9-;, ~'111")0 

* * 

* 00000 
N-O 
N or) 

I 

* 
001'-~ 

* * * * * No\oO 
00~"1 ci ............ 

* ","I'-('<'I","","NN 
d"':o 

-\01'-11") 
<",!ON"'1 
"7~ci 

* * * * I'­I'-
-.i 

* , 

I I 

('<'IN "1('<'1('<'111") II") 
00 c.?000 

* * * * \0 
<Xl II") 

* * \00\000\('<'1\00\0\0 
o -"'"IC!I'-;II") "'"00 

'-1'- ''<I" 0\ \0 ('<'I 
O\-('<'IOOC! ('<'I \0 \0 "'" '0,0 .. " C! 00 ('<'I ~ ~ ..... 
...: N -<i rj~ c:r II")NON II) o-;,rjo-;, 0c.?N9c.? ..... 

C\I 

~() 

81 



/ 

-d 
E o 
o 

'" '" 8 
u 

* * * * * * 

* * * t-- N N 
t"J00 
00 v) 
0"'i 

* * * * * * * * 0\ N N 
0\ 0 M ,..: . . 
00 '-" \0 

V') M 
o 

M 0\ 0\ 
~\O 

N c? 
M MN~~t!gg:::G8~ 
Nc)c)c)c)c)c)c)c)c) 

, , • I 

* * * 
~~8gvoo~\OO\O\~~~g;~ 
M '7 c) r"; 9 o? ~ oq ~ i ,...j ,...j ,...j or) -.0 

* * * * NOO \Ot-- MO 
~NV')t"J~\O 
Mc)NMV')o\ 

o 0 0 

* * * * 

* * * V') 00 -00 t-- V M 0 V 
-:t--OOMt"J0~­

Nr'''i9 NMv) 

.* * 
V1rtt--~~~~ 

NNIoOOMM 

* * VMOONo\OOO\ 
OOOV')O\NvOO 
r'~00N-.:tV') o _ 

I 

* * OvO V') 
~ci .~~ 
"i_r;'1'( 

* * 

I 

* * * * * * 
3~g 
-.0 r' 

* * * v V') \0 r') V') v N ,..., II') 0\ 0\ t-- ,..., 

2:J -:\0 
c) 

r"l '" r- ('I II") r- r"l r- ~ 
c)c)c)c)c)c)c)c) 

I I I I I I 

* * * * 
oo~~r;;~~~~~~~ 
c)-M M OMM 0 

f f f I I I t 

* 
~~~~oo~ 
~~r-;i"f<9cf 

* * * * *- * 
o V') t--
0\\01'-; 

"i'tV') 

* * ON 
V')'<1; 

NV') 

,-.._ ....._ 

;1? 
lJ') 

~ 
V') - ..... 

+1 ~ ~ § 
1..L(e e 0 
(/)oo:E 

u u ~ 
r;; 
* * 
* 

82 



83 
LRES-17 alone recorded significant negative gca effect (-5.44), whereas 

Geeta alone exhibited significant positive gca effect (4.67) for the trait. 

The sca effects for days to maturity ranged from -5.73 (DPC-9 x 

Co-I) to 5.86 (LRES-17 x DCS-5). Out of 36 crosses, five crosses each 

exhibited significant negative and significant positive sea effects. 

4.3.4.3 Number of nodes 

The gca effects for the number of nodes ranged from -1.52 (DCS-85) 

to 3.1 (Co-I) among the lines and from -1.04 (LRES-17) to 0.99 (Geeta) 

among the testers. Three lines viz., DCS-85, DCS-5 and DCS-9 and two 

testers viz., LRES-17 and DPC-9 exhibited significant negative gca effects, 

while two lines viz., Co-l and SH-72 and two testers viz., Geeta and VP-I 

exhibited significant positive gca effects. 

For this trait, sca effects were in th~ range of -1.58 (DPC-9 x 48-1) to 

1. 7 (VP-l x 48-1). Further, among 36 crosses, eight crosses .showed 

significant negative sca effe~ts, wnereas seven crosses showed significant 

positive sca effects for number of nodes. 

4.3.4.4 Plant height 

- -
The gca effects for plant height ranged from . .-8.9 .(DCS-S) to 13.2 

(SH-72) among the lines, while for testers, they. rapged between -8.66 

(LRES-17) to 9.06 (Geeta). Further, the lines, DCS-S, .DCS-8S; DCS-9 and 

DCS-84 and the testers, LRES-17 and DPC-9 exhibite~ significant negative 



gca effects, while the lines SH-72, 48-1, Co-l and DCS-27 and the testers, 

Geeta and VP-l exhibited significant positive gca effects for the trait. 

The sca effects of the crosses ranged from -10.14 (Geeta x DCS-27) to 

11.94 (Geeta x A VR-l) for plant height. Among the crosses, six crosses 

showed significant negative sca effects, while seven crosses showed 

-' 

significant positive sca effects. 

4.3.4.5 Primary spike length 

The gca effects ranged from -6.17 (OCS-85) to 12.78 (SH-72) among 

the lines, and from -3.74 (LRES-17) to 8.52 (VP-l) among testers for 

primary spike length. The lines, SH-72 and DCS-27 and the testers, VP-l 

exhibited significant positive gca effects, while the lines DCS-85, Co-I, 

DCS-9 and DCS-5 and the testers, LRES-.17, DPC-9 and Geeta exhibited 

significant negative gca effects. : 

The sca effects for primary spike length ranged from -12.49 (DPC-9 x 

SI-I-72) to 7.84 (Geeta x _81-1-72). Further, out of 36 crosses, eight crosses 

each recorded significant positive and significant negative sca effects for the 

trait. 

4.3.4.6 Effective spike length 

I ., 

The gca effects for effective spike length. w~re in the range of -6.59 

(Co-.I) to 9.03 (SH~72) among lines and -4.39 (LRES-17)'to 6.49 (VP-l) 

among testers. The lines, SI-I-72 and DCS-27 and tl;le tester, VP-l exhibited 
I 

significant positive gca effects, while the lines Co-I, DCS-84 and A VR-l 
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and the testers, LRES-17 and DPC-9 exhibited significant negative gca 

effects for the trait. 

The sca effects for the trait ranged from -9.6 (Geeta x DCS-27) to 7.84 

(VP-l x DCS-27). Among the crosses, five crosses each recorded significant 

positive and significant negative sca effects. 

4.3.4.7 Number of capsules per primary spike 

F or number of capsules per primary spike, the gca effects ,ranged from 
I 

-8.21 (AVR-l) to 12.61 (DCS-27) among lines and -5.48 (LRES-17) to 4.37 

(DPC-9) among testers. Two lines viz., DCS-27 and SH-72 'and two testers 

viz., DPC-9 and VP-l recorded significant positive gca effects, whereas four 

lines viz., A VR-I, DCS-85, DCS-84 and DCS-9 and a tester, LRES-17 

recorded significant negative gca effects for the trait. 

The sca effects for the trait ranged from -10.16 (DPC-9 x DCS-5) to 
I 

8.05 (VP-I x DCS-5), while five~ and three crosses exhibited significant 

positive and significant negative sca effects, respectively. 

4.3.4.8 tOO-seed weight 

The gca effects for 100-seed weight ranged from· -7.66 (DCS-27) to 
~--

\ 

8.90 (Co-I) in lines and -1.88 (LRES-17) to 3.31 (DP~-9) in testers. Further, 

I . 

two lines, Co-I and A VR-l and a tester, DPC-9 recorded significant positive 

gca effects, while five lines viz., DCS-27, DCS-5, DC~-85, DCS-84 and 48-1 

and two testers viz., LIillS-I7 and VP-l recorded significant negative gca 

effects for the trait. 



For 100-seed weight, the sca effects were in the range of -3.53 (VP-l 

x Co-I) to 4.33 (DPC-9 x Co-I). However, among crosses, seven crosses 
I 

exhibited significant positive sca effects and eight crosses had significant 

negative sca effects for the trait. 

4.3.4.9 Seed yield per plant 

For seed yield per plant, the gca effects ranged from -70.72 (Co-I) to 

63.95 (SH-72) among lines, whereas among testers, it was fr9m -22.24 

(LRES-17) to 28.56 (VP-l). Three lines viz., SH-72, DCS-27 ~nd DCS-5 and 

two testers viz., VP-l and DPC-9 exhibited significant positive gca effects, 

-
while three lines viz., Co-I, DCS-85 and DCS-84 and two testers viz., 

LRES-17 and Geeta exhibited significant negative gca effects for the trait. 

However, the sca effects for seed yiel~ per plan"t ranged from -63.98 

(DPC-9 x 48-1) to 51.01 COeeta ~ 48-1). Further, out of 36 crosses, 13 

crosses recorded significant positive sca effects, while 11 crosses exhibited 

significant negative sca effects. 

4.3.4.10 Oil content 

The gca effects for oil content ranged from -2.95 (DCS-27) to 2.15 

(DCS-85) among lines, whereas it was from - f.48 (VP-l) to 1.13 (LRES-17) 

among testers. Four lines viz., DCS-85, DCS-9, DC,S-5 and A VR-I and a 

tester, LRES-17 exhibited significant" positive gca e~fects, wrile four lines 

viz., DCS-27, DCS-84, Co-l and SH-72 and a tester, VP-l recorded 

significant negative gca effects for the trait. 
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The sca effects of oil content ranged from -3.45 (DPC-9 x DCS-9) to 

3.6 (DPC-9 x DCS-84). However, among 36 crosses, 14 cross~s exhibited 

significant positive sca effects, whereas 13 crosses exhibited significant 

negative sca effects for the trait. 

4.4 HETEROSIS AND INBREEDING DEPRESSION 

4.4.1 Heterosis 

Hcterosis was measured in all the 36' crosscs [or 10 characters studied 
< , , 

and expressed as per cent of heterosis over the better parent (Heterobeltiosis) 

and per cent of heterosis over standard checks viz., Kranti and DCH-177 

(Standard heterosis) and the results are presented in Table 4.22. 

4.4.1.1 Days to 50 per cent flowering 

For the character, days to 50 per cent flowering heterobeltiosis was in 

the range of -25.26 per cent (VP-l 'x D.CS-27) to 14.66 per cent (Geeta x 

Co-I). Out of 36 crosses, 22 crosses recorded significant negative 

heterobeltiosis, 
~ 

crosses recorded significant positive whereas two 

heterobeltiosis. However, the range of standard heterosis was from -7.69 per 

cent (LRES-17 x DCS-9) to 53.15 per cent (Geeta x Co-I) over Kranti, while 

it was from -1.5 per cent (LRES-17 x DCS-9) to 63.42 per cent (Geeta x 

Co-I) over DCH-177. Further, out of 36 crosses ,none of the crosses , 

exhibited significant negative standard heterosis over a~y of the< two checks. 

4.4.1.2 Days to maturity 

Heterobeltiosis was ranged from -11.78 per cent (VP-l x SH-72) to 

10.56 per cent (Geeta x DCS-9) for days to maturity. Among 36 crosses, 



Table 4.i~ Heterobeltiosis and standard heterosis for yield and other c~aracters in 36 crosses of 
castor 

Days to 50% flowering Day to maturity 
Crosses 

H eterobeltiosis 
Standard heterosis 

Heterobeltiosis 
Standard heterosis 

Kranti DCH 177 Kranti DCH 177 
VP-I X DCS-5 -9.80 * -3.50 2.98 -0.31 -0.62 -0.31 

2 VP-t X DCS-9 -2.21 -6.99 -0.76 1.65 -3.75 -3.45 
3 VP-I X DCS-27 -25.26 ** 1.40 8.19 -2.92 3.75 . 4.08 
4 -9.03 * -1.40 5.22 

~ 

-8.07 ** -0.31 0.00 VP-I X DCS-84 
S VP- I X DCS-8S -12.42 ** -6.29 0.00 -1.83 0.31 0.63 
6 VP-I X SII-72 -11.73 ** 20.98 ** 29.10** -11.78 ** 5.31,'* 5.64 ** 
7 vr-I X 4R-I -11.36** 9.09 16.41 * -7.16 ** 5.3,1 * 5.64 ** 
8 VP-I X AVR-I -15.71 ** 12.59 * 20.15 ** -8.27 ** 7.~0 ** 7.84 ** 
9 vr-I X Co-I 5.61 44.76 ** 54.47 ** -3.66 * 15.00 ** 15.36 ** 
10 DPC-9 X DCS-5 -13.07 ** -6.99 -0.76 -3.45 -3.75 -3.45 
II DPC-9 X DCS-9 -1.47 -6.29 0.00 5.28 * -0.31 0.00 
12 DPC-9 X DCS-27 -15.76 ** 8.39 - 15.67 * -0.58 6.25 ** 6.58 ** 
13 DPC-9 X DCS-84 -7.10 0.70 7.45 -2.31 5.94 ** 6.27 ** 
14 DPC-9 X DCS-SS -1.96 4.90 11.93 * 3.06 5.31 * 5.64 ** 
IS DPC-9 X SH-72 -14.67 ** 9.79 17.15 ** -8.04 ** 7.19 ** 7.52 ** 
16 DPC-9 X48-1 -13.64 ** 6.29 13.43 * -8.26 ** 4.06 4.39 * 
17 DPC-9 X A VR- I -16.30 ** 7.69 14.91 * -7.26 ** 3.44 3.76 
IS DPC-9 XCo-1 2.72 32.17** 41.03 ** -4.29 * 11.56 ** 11.91 ** 
19 LRES-17 X DCS-S -7.19 -0.70 5.95 -0.94 -1.25 -0.94 
20 LRES-17 X DCS-9 -2.94 -7.69 -1.50 -0.66 -5.94 ** -5.64 ** 
21 LRES- I 7 X DCS-27 -11.73 ** 0.00 : 6.72 -8.48 ** -2.19 -1.88 
22 LRES-17 X DCS-84 -12.26 ** -4.90 1.4.8 -11.08** -4.69 * -4.39 * 
23 LRES-17 X DCS-85 -12.42 ** -6.29 0.00 -7.34 ** -5.31 * -5.02 * 
24 LRES-17 X SH-72 -11.73 ** 0.00 6.72 -6.41 ** 0.31 0.63 
25 LRES-17 X 4R-I -14.20 ** -2.80 3.72 -9.04 ** -2.50 -2.19 
26 LRES-17XAVR-I -13.58 ** -2.10 4.48 -10.50 ** -4.06 -3.76 
27 LRES-17 X Co-I 11.73** 26.57 ** 35.06 ** 4.96 * 12.50 ** 12.85 ** 
28 GEETA X DCS-5 -11.76 * -5.59 0.74 -0.63 -0.94 -0.63 
29 GEETA X DCS-9 5.88 0.70 7.45 10.56 ** 4.69 * 5.02 *. 
30 GEETA X DCS-27 -16.75 ** Il.I9 * 18.65 ** 2.05 9.06 .. 9.40 ** 
31 GEETA X DCS-84 -12.90 ** -5.59 0.74 ~6.05 ** " 1.88 2.19 
32 GEETA X DCS-8S -11.76 ** -5.59 0:74 -- -0.92 1.25 1.57 
33 GEETA X SH-72 2.09 36.36 ** 45.51 ** -4.53 * 11.88 ** 12.23 ** 
34 GEETA X 4S-1 -5.11 16.78 ** 24.63 ** -5.23 * _'L5.0 ** 7.84 ** 
35 GEETAXAVR-I -1.57 31.47 ** 40.30 ** -5.07, * 11.25 ** 11.60 ** 
36 GEETA X Co-I 14.66 ** 53.15** 63.42 ** ·7.20·** 25.63 ** 26.02 ** 

"', "'* Significant at 5% and 1 % level, respectively 
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Table 4.22 contd .. 

Number of nodes Plant height 

Crosses Heterobeltiosis 
Standard heterosis 

Heterobeltiosis 
Standard heterosis 

Kranti DCH 177 Kranti DCH 177 
I VP·I x DCS·S 0.93 2.20 6.18 30.06 ** 0.76 3.28 
2 VP·I X DCS·9 15.91 * -3.77 0.00 26.08 ** 2.28 4.84 
3 VP·I X DCS·27 2.29 12.58 * 16.96 ** 62.20 ** 31.58 ** 34.87 ** 
4 VP·I X rDCS.S4 4.46 3.14 7.16 23.26 * 0.00 2.50 
S VP·I X DCS-SS -11.76 * -5.66 -1.96 0, 11.82 -9.28 -7.02 
6 VP·I X SH-72 -1.52 43.08 ** 48.73 **i 87.80 ** 52.36 ** 56.17 ** 
7 VP·! X48-! -1.79 37.74 ** 43.14 ** 39.59 ** 13.24 16.08 * 
R VP·I X AVR·I -7.46 24.84 ** 29.71 ** 25.33 ** 1.67 4.21 
9 vr·1 X Co·1 8.23 * 57.23 ** 63.43 ** 53.47 .. 24~5 I ** 27.62 ** 
10 OPC-9 X DCS-S -11.80 * -10.69 * -7.16 -2.55 -24.51 ** -22.61 ** 
I f OPC-9 X DeS-9 15.91 * -3.77 0.00 17.18 * ~2.44 0.00 
12 OPC-9 X DeS-27 8.00 18.87 ** 23.53 ** 32.79" ° 23.90 ** 27.01 ** 
J3 OPC-9 X DCS-84 5.10 3.77 7.84 16.25 * 6.70 9.36 
14 OPC-9 X DeS-8S -7.06 ·0.63- - 3.24 -10.18 -18.11 * -16.05 * 
IS OPC-9 X SH·72 -14.43 ** 4.40 8.53 -15.92 ** 28.61 ** 31.83 ** 
16 OPC-9 X 4S·1 -23.20 ** -6.29 -2.65 -22.19 ** 19.03 ** 22.00 ** 
17 OPC.9 X AVR-I -9.28 * 10.69 * 15.00 ** -32.14 ** -13.24 -11.07 
IS OPC-9 X Co.1 12.89 * 37.74 ** 43.14 ** -34.33 ** 0.46 2.97 
19 LRES-17 X DCS-S 3.11 4.40 8.53 3.73 -19.63** -17.62* 
2U LRES·17 X DCS-9 4.55 -13.21 * -9.80 * 3S.72 ** -24.20 ** -22.30 ** 
21 LRES-17 X DCS-27 -UO 7.55 11. 76 * 62.95 ** -10.96 -8.73 
22 LRES-17 X DCS-S4 0.32 -0.94 2.94 66.27 ** -14.61 * -12.47 
23 LRES-17 X DCS-SS -12.94 ** -6.92 -3.24 46.24 ** -20.09 ** -18.09 ** 
24 LRES-17 X SH.72 1.73 10.69 * IS.OO ** 100.00 ** 9.28 12.03 
2S LRES-17 X4S-1 -6.36 . 1.89 5.88 72.42 ** -5.78 -3.42 
26 LRES-17XAVR-1 -16.18 ** -8.81 -5.20 68.25 ** -8.07 -5.76 
27 LRES.17XCo.1 17.34 ** 27.67 ** . 32.65 ** 62.67 ** -11.11 -8.89 
28 GEETA X DCS-S 1.86 3:14 7.16 22.00 * -5.48 -3.11 
29 GEETA X DCS-9 44.70 ** 20.13 ** 24.80 ** 27:42 ** 6.09 8.75 
30 GEETA X DCS.27 6.86 17.61 ** 22.25 ** 19.58 * 11.57 14.37 
31 GEETA X DCS.S4 11.46 * 10.06 14.41 ** 29.19 ** 18.57 * 21.53 ** 
32 GEETA X DCS.SS -1.76 5.03 9.12 * 9.52 -0.15 2.34 
33 GEETA X SH-72 -3.45 40.88 ** 46.37 ** -,14.62 ** 62.71 ** 66.79 ** 
34 GEETA X 48.1 -9.87 ** 26.42 ** 31.3'7"** -14.61 ** 54.79 ** 58.67 .. 
.35 GEET A X A VR-I -4.90 28.30 ** 33.33 ** 23.10 *~ 57.38 .. 61.32** 
36 GEETA X Co-I -1.72 43.40 ** 49.02 ** - -10.39 * ~-5J:58 .. 57.43 ** 

*, ** Significant at 5% and I % level, respectively 
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Table 4.22 contd .. 

Primary spike length Effective spike length 
Crosses Heterobeltiosis 

Standard heterosis 
Heterobeltiosis 

Standard heterosis 
Kranti DCH 177 Kranti DCH 177 

I YP-I X DeS-5 -16.27 ** 65.67 •• 13.05 -8.53 39.07·· 19.21 •• 
2 YP-J X DeS-9 -26.68 ** 45.06 ** -1.01 -19.85 ** 21.85 ** 4.45 
3 YP-I X DeS-27 3.36 104.51 ** 39.53 .. 10.23 * 67.59 ** 43.64 *. 
4 YP-I X ~S-84 -20.17** 57.94 ** 7.78 -15.59 ** 28.33 ** 10.00 
5 YP-I X DeS-85 -24.40 ** 49.57 ** 2.06 -22.29 ** 18.15 * 1.26 
6 VP-I X SH-72 20.41 ** 129.18·* 56.38 ** 1.10 53.70 .. 31.74 ** 
7 VP-I X 48-1 -11.39 * 75.32 ** 19.64 .. -12.91 • 32.41 *. 13.50 * 
8 VP-I X AVR-I 3.69 105.15 .. 39.97 .. -14.62 .. 29.8/1 .. 11.26 
9 VP-I X Co-I -27.98 ** 42.49·* -2.77 -35.20·* -1.48 -15.55 • 
10 DPC-9 X DeS-5 -25.03 ** 26.61 ** -13.62 -14.91 * - 4.63 -10.31 
II DPC-9 X DeS-9 -13.21 * 46.57 ** 0.00 -5.12 16.67 • 0.00 
12 DPC-9 X DeS-27 -4.57 61.16** 9.97 6.63 31.11** 12.38 
IJ DPC-9 X DeS-84 -4.96 60.52·· 9.53 2.41 25.93 •• 7.93 
14 DPC-9 X DeS-85 -26.43 ** 24.25 *- -15.22 • -20.78 .. -2.59 -16.50 • 
15 DPC-9 X SH-72 -26.83 ** 39.27 ** -4.96· -18.33 .. 10.56 -5.24 
16 DPC-9 X48-1 -17.28 ** 39.70 .. -4.68 -15.51 * 3.89 -10.95 
17 DPC-9 X AVR-I -31.19 ** 26.39 .. -13.75 -21.42·· -1.48 -15.55 • 
18 DPC-9 X Co-I -28.59·* 20.60 * -17.70 * -21.99 ** -4.07 -17.79 * 
19 LRES-17 X DeS-S -18.04 ** 43.35 ** -2.20 -19.34 ** 8.15 -7.31 
20 LRES.17 X DeS-9 -37.67 ** 9.01 -25.61 ** -33.70 *. -11.11 -23.81 .. 
21 LRES·17 X DeS-27 -18.77 ** 42.06 .. -3.07 -16.16 ** 12.41 -3.64 
22 LRES·17 X DeS-84 -33.99 ** 15.45 -21.22 .* -29.83 .. -5.93 -19.36 ** 
23 LRES·17 X DeS-S5 -41.10 ** 3.00 -29.72 .* -36.88 ** -15.37 -27.45 ** 
24 LRES·17 X SH·72 -6.20 78.54 ** 21.83 *. -0.41 34.81 ** 15.55 * 
25 LRES-17 X4S-1 -10.31 56.87 ** 7.03 -17.96** 10.00 -5.71 
26 LRES-I7 XAYR-I -20.44 .. 4'6.14 ** -0.29 -30.11 ** -6.30 -19.69 ** 
27 LRES-17 X Co-I -28.47 ** 25.11 • 

~ -14.63 • -32.32 •• -9.26 -22.21 .. 
211 GEETA X nes-s -27.72 •• 25.3-2 • -14.50 -27.84 •• 3.70 -11.12 
29 GEETA X DCS-9 -11.01 54.29 ** 5.27 -12.11 • 26.30 ** 8.26 
30 GEETA X DCS-27 -32.30 ** 17.38 -19.90 • -30.41 .. 0.00 -14.29 
31 GEETA X DeS-84 -13.61 • 49.79 ** 2.20 -17.27 *. 18.89 * 1.90 
32 GEETA X DeS-S5 -22.77 ** 33.91 ** -8.63 -24.23 ** 8.89 -6.67 
33 GEETA X SH-72 9.13 107.73 ** 41.73 ~* 9.79 57.78 *. 35.24 ** 
34 GEETAX48-1 -28.96 ** 23.18 * -15.95 * ---31.19 ** -1.11 -15.24 * 
3S GEETAXAVR-I -26.17** 35.62 .. -7.47 -27.19 ** , 4.63 -10.31 
36 GEETA X Co-I -27.85 ** 25.11 * -14.63 * -31.70 ** -:'1'.-85 -15.88 • 

•••• Significant at 5% and I % level, respectively 
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Table 4.22 contd .. 

Number of capsules per primary spike lOO-seed weight 
Crosses Heterobeltiosis 

Standard hetero~is 
Heterobeltiosis 

Standard heterosis 
Kranti PCH 177 Kranti DCH 177 

I vr·, X IXS·S 14.54 55.01 .. 6.50 10.40 ** 13.35 ** -16.04 ** 
2 Vp·, X DCS·9 -13.06 17.67 -19.15 ** 16.16 ** 19.26 ** -11.66** 
3 vp., X DCS·27 71.22 ** 91.80 ** 31.78 ** -9.46 ** -7.04 * -31.13 ** 
4 vp·, X DCS·84 -16.49 * 13.02 -22.34 ** 1.84 7.17 * -20.60 ** 
S 

./ 
-18.84 * 9.84 vp·, X DCS·85 -24.54,** 8.29 ** 18.94 ** -11.90 ** 

6 VP·, X SH·72 -16.33 ** 49.36 ** 2.63 3.68 17.59 ** -12.90 ** 
7 VP·1 X 48·' 3.10 39.53 ** -4.13 10.32 ** 13.27 ** -16.09 ** 
8 VP·I X AVR·I -20.32 ** 7.83 -25.91 ** -25.04 ** 24.99 ** -7.41 ** 
9 VP·, XCo·1 5.38 42.62 ** -2.01 -49.08 ** 34.94 ** -0.03 
'0 DPC·9 X DCS-5 -26.53 ** 9.47 -24.78 ** 13.11 ** /27.73 ** -5.38 * 
II DPC·9 X DCS·9 -2.32 45.54 ** 0.00 19.54 ** '34.99 ** 0.00 
12 DPC·9 X DCS·27 69.76 ** 90.16 ** 30.66 ** -6.56 * - 5.52 -21.84 ** 
13 DPC·9 X DCS-84 -5.87 40.26 ** -3.64 18.49 ** 33.80 ** -0.87 
'4 DPC-9 X DCS-85 -13.33 29.14**- -11.26 3.66 17.06 ** -13.29 ** 
15 DPC·9 X SH·72 -8.88 62.66 ** 1l.75 11.02 ** 25.91 ** -6.73 ** 
16 DPC·9 X 48·' -12.10 30.97 ** -10.02 3.09 16.42 ** -13.77 ** 
17 DPC-9 X AVR-I -20.29 ** 18.76 -18.40 ** -12.92 ** 45.19 ** 7.54 ** 
'8 DPC·9 XCo-' -7.58 37.70 ** -5.39 -32.52 ** 78.82 ** 32.47 ** 
19 LRES.17 X DCS-S -4.55 7.10 -26.41 ** 5.68 6.64 * -21.00 ** 
20 LRES-'7 X IXS·9 -13.80 -3.28 -33.55 ** 10.65 ** 12.58 ** -16.59 ** 
2' LRES-17 X DCS-27 21.30 * 35.88 ** -6.65 -19.20 ** -18.47 ** -39.59 ** 
22 LRES.'7 X DCS-84 -2.60 9.29 -24.91 ** 1.38 6.68 * -20.97 ** 
23 LRES·17 X DCS·85 -10.88 0.00 -31.29 ** -6.49 * 2.71 -23.93 ** 
24 LRES·'7 X SH·72 -18.06 ** 46.27 ** -0.49 -0.61 12.72 ** -16.49 ** 
25 LRES-17 X 48-1 -4.08 19.85 -17.65 * 15.94 ** 16.99 ** -13.35 ** 
26 LRES-17 X AVR-I -30.32 ** -11.66 -39.31 ** -17.98 ** 36.76 ** 1.32 
27 LRES·17 X Co·1 6.01 18.94 -18.28 ** -46.24 ** 42.46 ** ·5.54 • 
28 GEETA X DeS-S -17.56 ** 29.60 ** -10.96 -1.08 3.56 -23.29 ** 
29 GEETA X DCS-9 -28.62 ** 12.20 -22.90 ** 1"5.02 ** 20.42 ** -10.79·· 
30 GEETA X DCS·27 -14.60 * 34.24 ** -7.77 -13.55 ** -9.50 ** -32.95 ** 
31 GEETA X DCS·84 -33.49 ** 4.55 -28.16 ** 9.35 ** 15.07 ** -14.75 ** 
32 GEETA X DCS-8S -27.81 ** 13.48 - -22.04 ** 4.33 14.60 ** -15.11 ** 
33 GEETA X SH-72 -6.12 67.58 ** _ 15.13 * 5.43 * 19.57 ** -11.42 ** 
34 GEETA X 48-1 -31.87 ** 7.10 -26.41**- 12.45 ** 17.72 ** -12.79 ** 
35 GEETAXAVR-I -30.30 ** 9.56 -24.72 ** -16.95 ~* 38.47 ** 2.59 
36 GEETA X Co-I -13.21 * 36.43 ** -6.27 -43.33 ** ~-·50.17 ** 11.24 ** 

"', "'''' Significant at 5% and I % level, respectively 
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Table 4.22contd .. 

Seed yield per plant Oil content 
Crosses Heterobeltiosis 

Standard heterosis 
Heterobeltiosis 

Standard heterosis 
Kranti DCH 177 Kranti DCH 177 

I VP-I X DCS-S 72.72** 51.16 ** 5.24 • -2.27 • 10.67·· 6.70 ** 
2 VP-I X DCS-9 27.77·· 33.00·· -7.41 •• -1.69 11.33 •• 7.34 .. 
3 VP-I X DCS-27 72.06·· 50.58 .. 4.83 -13.67 ** -2.24 • -5.75·· 
4 VP-I X_DCS-S4 49.43 •• 30.61 ** -9:07 ** -13.25 ** -1.76 -5.28 .. 
S I VP-I X DCS-SS 43.32 .. 25.43 ** -12.68 ** -9.56 ** 2.42 • . -1.26 
6 VP-I X SH-72 36.18 ** 43.76 ** 0.08 . -9.61 ** 2.36 * -1.30 
7 VP-I X 4S-1 39.77 ** 38.37 ** -3.67 -12.85 ** -1.31 -4.85 .. 
8 VP-I XAVR-I 37.27 .. 28.16 .. -10.78 .. -3.54 •• 9.24 .. 5.32 •• 
9 

, 
VP-I X Co-I -5.10 -16.95 ** -42.18 .. -6.84 ** ~'.50 .. 1.72 

10 DPC-9 X DCS-S 1.45 19.18 ** -17.03 ** ~2.96 ** 1).97 ** 7.96 _** 
II DPC-9 X DCS-9 22.27 ** 43.64 ** 0.00 -10.11 ** 3.72 ** 0.00 
12 DPC-9 X DCS-27 28.08 ** 50.46 ** 4.75 -8.28 ** ' 5.84 ** 2.04 * 
13 DPC-9 X DCS-S4 5.35 23.76_·* -13.84 ** -2.62 ** 12.36 .. 8.34 ** 
14 DPC-9 X DCS-SS -8.96 ** 6.96 :25.54 ** 0.71 16.21 ** 12.05 ** 
IS DPC-9 X SH-72 20.31 ** 41.33** -1.61 -9.48 ** 4.44 ** 0.70 
16 DPC-9 X4S-1 -17.34 ** -2.89 -32.39 ** -4.32 ** 10.40 ** 6.45 ** 
17 DPC-9 X AVR-I 2.24 20.12 ** -16.38 ** -11.41 ** 2.22 * -1.45 
IS DPC-9 X Co-I -7.61 * 8.54 * -24.44 .. -11.38 ** 2.25 * -lAO 
19 LRES-17 X DCS-S 36.65 *. 16.62 ** -18.81 *. -4.16 ** 7.57·* 3.72 ** 
20 LRES-17 X DCS-9 -11.87** -8.26 * -36.13 ** 2.44 ** 14.98 .. 10.86 ** 
21 LRES-17 X DCS-27 62.26 ** 32.76 ** -7.58 ** -8.99 ** 2.16 -1.51 
22 LRES-17 X DCS-S4 16.97 ** -4.30 -33.37 ** -6.59 ** 4.85 ** 1.09 
23 LRES-17 X DCS-8S -0.46 -18.56 ** -43.30 ** 0.22 12.49 ** 8.45 ** 
24 LRES-17 X SH-72 45.31 ** 53.40 ** 6.79 * -2.71 ** 9.21 .. 5.30 ** 
25 LRES-17 X 4S-1 11.57 ** 10.46 ** -23.10** 1.86 14.33 ** 10.24 ** 
26 LRES-17 X AVR-I 38.93 ** 29.28 ** -10.00 ** 0.47 12.77 .. 8.73 ** 
27 LRES-17 X Co-I -4.44 -21.82 ** " -45.57 ** -2.18** 9.79 .. 5.85 ** 
28 GEETA X DCS-S -17.06** 3~34 -28.06 ** 3.46 ** 11.63 ** 7.62 ** 
29 GEETA X DCS-9 -12.41 ** 9.13 * -24.03 ** 5.35 ** 13.67 ** 9.60 .. 
30 GEETA X DCS-27 -10.18 ** 11.90 ** -22.10 ** -9.73 ** -2.61 * -6.09 ** 
31 GEETA X DCS-84 -6.66 * 16.30 ** -19.04 ** -6.78 ** 0.58 -3.02 * 
32 GEETA X DCS-85 -14.59 .. 6.41 -25.92 ~* 7.26 ** 17.09 ** 12.90 .. 
33 GEETA X SH-72 18.82 ** 48.04 ** - -3.06 ,-0.40 7.46 .. 3.62 ** 
34 GEETA X 4S-1 8.59 ** 35.29 ** -5.82 * -1.05 6.76 ** 2.94 * 
3S GEETA X AVR-I -22.73 ** -3.73 -32.98 .* UO 11.44** 7.45 ** 
36 GEETA X Co-I -29.76 .. -[2.49 ** -39.08 .. -4.~3 ** --2.90·* -0.79 

"', "'''' Significant at 5% and 1 % level, respectively 
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19 crosses exhibited significant negative heterobeltiosis; whereas four 

crosses exhibited significant positive heterobeltiosis. However, for the trait 

range of standard heterosis was from -5.94 per cent (LRES-17 x DCS-9) to 

25.63 per cent (Oeeta x Co-I) over check Kranti, while it was from -5.64 

per cent (LRES-17 x DCS-9) to 26.02 per cent (Oeeta x Co-I) over check, 

DtH-177. Further, out of 36 crosses, three crosses exhibited significant 

negative heterosis over two checks, whereas 16 and 17 crosses exhibited 

significant positive heterosis over checks, Kranti and DCH-177 r,espectively. 

4.4.1.3 Number of nodes 

The character exhibited heterobeltiosis ranging from -23.2 per cent 

(DPC-9 x 48-1) to 44.7 per cent (Oeeta x DCS-9). Among the crosses, eight 

crosses recorded significant negative heter9beltiosis. and seven crosses 

recorded significant positive heterob,eltiosis. However, the range of heterosis 

~ 

over check, Kranti was -13.21 per cent (LRES-J7 x DCS-9) to 57.23 per cent 

(VP-I x Co-I), while it was from -9.8 per cent (LRES-I7 x DCS-9) to 63.43 

per cent (VP-I x Co-I) over check, DCH-I77. Further, significant negative 

heterosis was exhibited in two 'crosses over Kra~ti and single cross over 

- , 
DCH-I77, while significant positive heterosis- was observed in 16 crosses 

~~ 

over check, Kranti and 19 crosses over check, DCI-I-I7? for the trait. 

4.4.1.4 Plant height . 

The heterobeltiosis for plant height ranged from -34.33 per cent 
• ! 

(DPC-9 x Co-I) to 100 per cent (LRES-17 x SH-72). Seven and 24 crosses 

respectively recorded significant negative and significant positive heterosis 



over their respective better parents. The range of heterosis over check, Kranti 

was from -24.S1 per cent (DPC-9 x DCS-S) to 62.71 per cent (Geeta x 

SH-72), while it was -22.61 per cent (DPC-9 x DCS-S) to 66.79 per cent 

(Geeta x SH-72) over DCH-177. Further significant negative heterosis was 

observed in six crosses over Kranti and seven crosses over DCH-177, while 
, 

significant positive heterosis was observed' in 11 crosses over Kranti and 12 

crosses over DCH-177. 

4.4.1.5 Primary spike length 
I 

I 

For this character, the range of hctcrobeltiosis was from -41.10 

per cent (LRES-17 x DCS-85) to 20.41 per cent (VP-l x SH-72). Out of 36 

crosses, only one cross exhibited significant positive heterobeltiosis, whereas 

27 crosses exhibited significant negative .heterobeltiosis. The range of 

heterosis for primary spike length was 3.00 per cent (LRES-17 x DCS-8S) to 

-
129.18 per cent (VP-l x SH-72) over Kranti, while it was -29.72 per cent 

(LRES-17 x DCS-85) to S6.38 per cent (VP-l x SH-72) over DCH-177. 

Further, 32 crosses over Kranti and six crosses over DCH-177 recorded 

significant positive heterosis,. while nille crosses recorded significant 

negative heterosis over DCH-177. 

4.4.1.6 Effective spike length 

, 
Among the crosses, heterobeltiosis for effecqve spike length ranged 

from -36.88 per cent (LRES-17 x DCS-8S) to 10.23 per cent (VP-l x . , 

DCS-27). Further, significant positive heterobeltiosis was recorded in one 

cross, whereas 27 crosses recorded significant negative heterobeltiosis. The 
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heterosis for the trait ranged from -15.37 per cent (LRES-17 x DCS-85) to 

67.59 per cent (VP-l x DCS-27) over Kranti and -25.08 per cent (LRES-17 x 

DCS-85) to 48.36 per cent (VP-l x DCS-27) over standard hybrid, DCH-177. 

Out of 36 crosses, significant positive heterosis was recorded in 15 crosses 

over Kranti and six crosses over DCH-I77, while 11 crosses showed 

significant negative heterosis over check" DCH-177. However none of the 

crosses showed significant negative heterosis over check, KrantL, 
I 

4.4.1.7 Number of capsules per primary spike 

The range of heterobeltiosis for the trait ranged from -33.49 per cent 

(Geeta x DCS-84) to 71.22 per cent (VP-l x DCS-27). Three crosses 

exhibited significant positive heterobeltiosis, while 16 crosses exhibited 

significant negative heterobeltiosis. The range of heterosis over Kranti was 

-11.66 per cent (LRES-I7 x AVR-I) to 91.8 per cent (VP-l x DCS-27), 

while it was -39.31 per cent (LRES-I7 x AVR-I) to 31.78 per cent (VP-l x 

DCS-27) over DCH-177. Further, 18 and three crosses exhibited significant 

positive heterosis over Kranti and DCB-I77, respectively, while 18 crosses 

recorded significant negative he_terosis over DCH.-177 for the trait. However, 
, 

none of the crosses exhibited significaiil negative heterosis over check, 

_--
KrantL 

4.4.1.8 tOO-seed weight 

The heterobeltiosis for 100-seed weight ranged from -49.08 per cent 
I 

(VP-l x Co-I) to 19.54 per cent (DPC-9 x DCS-9). Among 36 crosses, 14 

crosses recorded significant positive heterobeltiosis and 13 crosses recorded 
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significant negative heterobeltiosis. However, . the heterosis ranged from 

18.47 per cent (LRES-I7 x DCS-27) to 32.6 per cent'(DPC-9 x Co-I) over 

Kranti and -39.59 per cent (LRES-I7 x DCS-27) to 32.47 per cent (DPC-9 x 
, 

Co-I) over DCH-I77. Further, 30 and four crosses recorded significant posi-

tive heterosis, while three and 27 crosses recorded significant negative 

neterosis over checks, Kranti and DCH-I77·, respectively. 

4.4.1.9 Seed yield per plant 

The character, seed yield per plant had heterobeltiosis ranging from 

-29.76 per cent (Geeta x Co-I) to 72.06 per cent (VP-I x DCS-27). Among 

the crosses, 19 crosses recorded significant positive heterobeltiosis and II 

crosses recorded significant negative heterobeltiosis. The heterosis ranged 

from -21.82 per cent (LRES-I7 x Co-I) to 53.4 per cent (LRES-I7 x SH-72) 

over Kranti and -44.46 per cent. (L~S-I7 x Co-I) to 8.97 per cent (LRES-17 

x SH-72) over DCH-177. Further, 25-.crosses over" Kranti and two crosses 

over DCH-177 recorded significant positive heterosis, while five crosses 

over Kranti and 27 crosses over DCH-177 recoroed significant negative 

heterosis. 

4.4.1.10 Oil content 

"'"11--- "'" 

Heterobeltiosis for oil content ranged from -\13 .67 per cent (VP-I x 

DCS-27) to 7.26 per cent (Geeta x DCS-85). Among the cros~es, four crosses 

exhibited significant positive heterobeltiosis and 24 crosses had significant . , 

negative heterobeltiosis. However, the heterosis ranged from -2.61 per cent 

(Geeta x DCS-27) to 17.09 per cent (Geeta x DCS-85) over Kranti and 

q~ 
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-6.09 per cent (Geeta x DCS-27) to 12.90 per cent (Gcctu x DCS-85) ovcr 

DCH-177. Further, significant positive heterosis was recorded in 30 crosses 

"dver Kranti and 21 crosses over DCH-177, while two and five crosses 

recorded significant negative heterosis over Kranti and DCH-177, 

respectively. 

4.4.2 Inbreeding depression 

An experiment was attempted to observe the extent of inbreeding 

depression for di rrerent characters in eight crosscs, selected· based on seed 

yield of F I hybrids to e-ach from four pistillate lines. For this purpose, two 

popUlations such as one from F I plants selfed seed (F 2 selfed) and another 

from F I plants open pollinated seed (F2 open pollinated) were raised along 

with F I hybrids. Further, inbreeding depress~on was calculated from above 

two popUlations separately for difTprent characters and results are presented 

in Table 4.23 along with the values of ri'-lid p.arental heterosis for comparison. 

The results were explained in detail here under. 

4.4.2.1 Days to 50 pcr cent flowering 

For days to 50 per cent flowering all the eight crosses showed 

negative heterosis and negative inbreeding depression. The cross, VP-l x 

DCS-27 exhibited highest significant negative \inbreeding depression 

(-48.28 %, -30.35 %) under selfed and open polli~at9d F2 popUlation, which 

also had highest significant negative heterosis (-25.64 %). However, the 
I 

cross, VP-l x DCS-5 recorded non-significant inbreeding depression with 

highly significant negative heterosis for the trait. Among the eight crosses, 
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significant negative inbreeding depression was observed in five crosses in . 

selfcd F2 and four crosses in open pollinated F2 population. 

4.4.2.2 Days to maturity 

All the eight crosses exhibited significant negative heterosis and 

negative values of inbreeding depression for days to maturity under both 

selfed and open pollinated F2 population, barring the cross, DPC-9 x DCS-27 

which exhibited non-significant positive inbreeding depression !under open . , 

pollinated F2 generation. 

Highest significant negative inbreeding depression was observed in 

cross, VP-l x DCS-27 (-14.76 %) followed by LRES-17 x DCS-27 

(-13.74 %), LRES-17 x SH-72 (-11.53 %) and VP-l x DCS-5 (-6.29 %) 

under F2 selfed condition. The crosses, Geeta x 48-1, Geeta x SH-72 and 

DPC-9 x DCS-9 showed non-significa~t inbreeding depression in selfed F2 

population. However, the cross, Geeta x SH-72 recorded non-significant 

inbreeding depressions und~r open pollinated F2 generation also. 

4.4.2.3 Number of nodes 

For number of nodes the magnitude of inbreeding depression was high 
- \ 

in selfed than open pollinated F2 population for. all, the crosses except 
---_-'" 

\ 

LRES-17 x SH-72 and Geeta x 48-1. All the eight crosses recorded negative 

heterosis and negative inbreeding depression values: except 'Geeta x SH-72 

which had positive inbreeding depression in open pollinated F2 population. 

The cross, VP-I x DCS-27 exhibited highest significant negative inbreeding 

depression (-34.08 %) followed by VP-l x DCS-5 (-27.39) and LRES-17 x 



SH-72 (-24.72 %) in selfed F2 population. These crosses also had significant 

negative heterosis. However, the cross, DPC-9 x DCS-27 exhibited non-

significant values for inbreeding depression and heterosis for number of 

nodes . 

. 4.4.2.4 Plant height 

Among eight crosses, three crosses' 'under F2 selfed and one cross 

under F2 open pollinated condition exhibited significant negativ~i inbreeding 

depression for plant height. Only cross, DPC-9 x DCS-27 show~d significant 

positi:ve inbreeding depression (34.34 and 24.14 %) in both selfed F2 and 

open pollinated F2 population, though it had non-significant heterosis 

(0.62 %). The crosses, VP-l x DCS-5, VP-l x DCS-27, DPC-9 x DCS-9 and 

Geeta x 48-1 showed non-significant inbree~ing depression; while former 

three crosses had significant posi,tive heterosis and the lattcr cross had 

significant negative heterosis. 

4.4.2.5 Primary spike length 

For primary spike length, the magnitude of inbreeding depression was 

high in selfed F2 than open pollinated F2 population except for VP-l x 

DCS-27 cross. The cross, DPC-9 x DCS-27 exhi~ited. highest significant 

positive inbreeding depression under both F2 selfed and F2 open pollinated . , 
condition and also had significant positive heterosis.; However, the crosses, 

LRES-17 x SH-72 and Geeta x SH-72 showed significant positive inbreeding 
I 

depression in selfed F2 popUlation. Further, the crosses, VP-l x DCS-5 and 
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VP-l x DCS-27 recorded non-significant inbreeding depression though they 

had significant positive heterosis for primary spike length. 

4.4.2.6 Effective spike length 

The values of inbreeding depression were positive for all the crosses 

and their magnitude was high in selfed F2 than open pollinated F2 population 

for effective spike length. The cross, DPC-9 x DCS-27 recorded highest 

significant positive inbreeding depression (~2.S %) followed by LRES-17 x 
I 

SH-72 (24.18 %), Geeta x SH-72 (20.36 %), VP-l x DCS-5 (20.11 %) and 
. I 

VP-I x DCS-27 (18.23·%) in selfed F2 population. However, all these crosses 
.. 

had significant positive heterosis except LRES-17 x SH-72. The cross, 

DPC-9 x DCS-9 showed non-significant inbreeding depression though it had 

significant positive heterosis. Further, the crosses, LRES-17 x DCS-27 and 

Gecta x 48-1 also recorded non-signilicant inbreeding depression but thc 

former cross had non-significant heterosis, while the latter had significant 

negative heterosis. 

4.4.2.7 Number of capsules per primary spike 

The magnitude of inbreeding depression was high in F2 selfed than F2 . " 

, 
open pollinated condition for number of capsules per primary spike barring 

the cross, VP-I x DCS-5. The crosses, DPC-9 x DC&-27 andVP-I x DCS-7 

recorded significant positive inbreeding depression ~ in both, selfed F2 and 

open pollinated F2 population and were also exhibited significant positive 

heterosis. However, the crosses, VP-I x DCS-S,' DPC-9 x DCS-9 and 

LRES-17 x DCS-27 exhibited non-significant inbreeding depression, though 

\0\ 

10~ 



/. 

they recorded significant p.ositive heterosis for the trait. Further, the crosses, 

Geeta x 48-1 recorded non-significant negative inbreeding depression and 

significant negative heterosis. 

4.4.2.8 tOO-seed weight 

For lOO-seed weight the values of inbreeding depression were high in 

selfed F2 than open pollinated F2 genenition for all the crosses except 

LRES-17 x DCS-27. The cross, DPC~9 x DCS~27 recorded highest 
I 

significant positive inbreeding depression under both F2 selfed. 'and F2 open 

pollinated condition, while the crosses, Geeta x SH-72 and VP-l x DCS-5 

recorded significant positive inbreeding depression in selfed F2 population 

only. However, the crosses, DPC~9 x DCS~9, Geeta x 48-1, VP-l x DCS-27 

and LRES-17 x SH-72 showed non-significant inbreeding depression though 

they had significant positive heterosis for lOO-secd weight. 
: 

4.4.2.9 Seed yield per plant 

For seed yield per plant all the crosses recorded significant positive 

heterosis and significant positive inbreeding depression in both selfed and 

open pollinated population of F2 barring Geeta x 48~ 1 cross,. which had non-

significant inbreeding depression under F2 scrfed condition. The magnitude 

- --
of inbreeding depression was high under F2 selfed than F2 open pollinated 

condition for all the crosses, except for the cross, Geeta x 48-1. The crosses, 

LRES-17 x DCS~27 and DPC-9 x DCS-27 exhibited highest significant 

positive inbreeding depression, whereas the crosses, VP-l x DCS-5 and VP-I 

\~y'. i 
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x DCS-27 had moderate inbreeding depression values, though they reported 

highest heterosis. 

4.4.2.10 Oil content 

For oil content four crosses each under F2 selfed and F2 open 

pollinated condition exhibited significant positive inbreeding depression. 

However, negative significant inbreeding depression was observed in crosses 

VP-I x DCS-27 and LRES-17 x DCS-27 in open pollinated F2 population, 
I 

which reported significant negative heterosis. The only cross, VP-I x DCS-5 
, 

exhibited non-significant negative inbreeding depression in selfed F2 popula-

tion, though it had significant positive heterosis. 
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CHAPTERV 

DISCUSSION 

Castor (Ricinus communis L.) is an important crop grown for its non-

edible oil which has an everlasting demand in various industries. However, 

its average yield levels are relatively low in India, more particularly in 
-" 

Andhra Pradesh, owing to lack of proper crop management and susceptibility 

to pests and diseases. Castor is being grown as monocrop under rainfed 

conditions in marginal lands of Telangana region ?f Andhra Pradesh. 

Developing the varieties / hybrids adoptable to such cond!tions by manipu-

lating the genetic architecture of plant might be rewarding in increasing the 

yields of the crop. 

In castor/arge variation exists for most of the qualitative characters 
: 

such as leaf shape, stem colour, blQom nature, spininess of capsule and 

internode nature which have several economic features. nespite its 

importance, available literature on genetics of th~se traits is very meagre. 

Studying the mode of inheritance of these important morphological traits in 

newly developed material is imperat~ve ~~r impr,?ving the existing varieties \ 

hybrids. 

Castor wilt caused by Fusarium oxyspdrUl~ fsp. ricini is the most 

important disease causing extensive damage to "the' crop. Further, it is very 

difficult to control the disease, since it is primarily'soil borne. Development 

of resistant varieties is the only feasible solution for combating the disease. 



106 
Breeding efforts were initiated early in 1957 by Moshkin for developing 

resistance to fusarium wilt in castor. Despite the efforts, fusarium wilt 

disease is still a menace to castor growing farmers. Hence, identification of 

resistance source and its mode ot inheritance is imperative to develop 

cultivars / hybrids resistant to fusarium wilt. 

Castor crop improvement programme aimed at evolving high yielding, 

dwarf, early maturity hybrids / varieties can be carried out effectively, only if 
I 

information on combining ability of the parents to be used iSi~vailable. The 

concept of combining ability gained importance in plant breeding as it 

provides the means of understanding the nature of gene action for developing 

suitable breeding procedures and selecting the parental lines for further 

breeding programme. 

In addition to enhance the yield potential of hybrids, it is necessary to 

-
reshuffle the genes by crossing and to study the heterotic effects of F I and its 

I 

maintenance in F2 and subsequent generations. Information on the extent of 
, -

" 
inbreeding depression apart from the level of heterosis provides basis for 

estimating the nature and magnitude of gene action which aids in selecting 

the breeding procedure to be followed for furtHer improvement of the traits. 
• I 

- ---
If the farmer prefer to go for cultivation of their hQme grown F2 seed of F I 

hybrids, the information on loss in seed yield: due to inbreeding is 

prerequisite. Galeev (1969) conducted research in some cross pollinated 

crops and stated that inbreeding depression is less in castor to maize. But 



very little information is available on the magnitude of inbreeding depression 

in castor and the possible utilization of F2 seed on cOlllmercial scale. 

Keeping in view of the above points, the present study was planned 

with the- title of '-'Genetic analysis of some qualitative and quantitative traits 

in castor" and the results of the study are discussed experiment wise here 
, 

under. 

5.1 INHERITANCE 

CHARACTERS 

OF CERTAIN MORPHOLOGICAL 

Five important morphological characters were studied to know their 

genetic behaviour utilizing nine parents. Crosses were made between the 

parental lines possessing contrasting morphological traits for the respective 

characters under study. The results of the study are discussed here under. 

5.1.1 Segregation of individual characters 

Inheritance of leaf ~hape was studied in four crosses involving parents 

with flat and cup shape leav~s. The 'F I plants of all the crosses expressed flat 

leaf showing its dominant nature and in F 2 population segregated in 3: 1 ratio 

for flat and cup shape leaved plants (Table 4.1) indicating monogenic 

dominant gene control for the leaf shape. The results.-are further conformed _-
with segregation ratio of backcrosses. Pokhriyal et at: (1964) also reported . , 

, 
that cuppish leaf shape-in Brassicajuncea is recessive!to normal leaf and is 

governed by two pairs of recessive factors. Brigham (1973) found that 
I 

mosaic leaf character is controlled by a single recessive gene in castor. 

-:1 {)..., 
,~ I 



Four crosses were studied to know the inheritance of stem colour Le. 

red vs. green. The results (Table 4.2) showed that red stem was dominant 

over green stem as it is expressed in F I generation and the colour of the stem 

is controlled by a single dominant gene as it showed a 3 red: 1 green plants 

-
in F2. The results ~ie also corroborated with backcross segregation ratios. 

Further one cross (Geeta x DCS-27) was studied involving parents with red 

and mahogany stem. The expression of F I and F2 plants inferresI that red is 

dominant over mahogany and is also a monogenic trait. These -results are in 

conformity with the earlier workers, Joglekar and Deshm.ukh (1957), 

-
Anonymous (1968), Reenen (1976) and Solanki and Joshi (2001), who 

reported that the red colour stem is monogenic and dominant. However, 

Bhapkar and Deshmukh (1978) reported that red stem colour is partially 

dominant over green with pink colour as partial double. 

A total of six crosses were studied to understand the mode of 

inheritance of bloom nature in castor. Two crosses viz., VP-l x DCS-9 and 
I-

VP-l x 48-1, where the parent VP-l was triple bloom and DCS-9 and 48-1 

were double bloom, gave the F I individuals with triple bloom showing its 

dominant nature. The F2 population was segregate'd _at a ratio of 3 triple: 1 

double bloom, implying that the character is governed by siu"g"le gene and 
\ 

.... ;-

triple bloom is dominant over double (Table 4.3). These results are further 
1 , 

conformed by the segregation pattern of backcross generations. However, in 
I 

two crosses (VP-l x Co-l and LRES-17 x Co-I) involving parents with triple 

and zero bloom, the F I plants were similar to double bloom with partial 

\'111' J 
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bloom on upper surface of leaf which were explained as partial triple bloom. 

The F2 generation was segregated in 1 :2: 1 ratio of triple, partial triple and 

zero bloom, respectively (Table 4.4) inferring that triple bloom is partially 

dominant over zero bloom and is 'governed by single gene. It was also 

conformed with the segregation ratio of backcross generations. Further, in 

crosses, viz., DPC-9 x SH-72 and DPC-9 x 48-1, where DPC-9 was zero 

bloom and SH-72 and 48-1 were double bloom, the F) pla_nts we~e similar to 

single bloom with partial bloom on lower surface of leaf and :were explained 
I 

as partial double bloom. The F2 segregation conforms with the expected ratio 

of 1 : 2 : 1 of double, partial doulJle and zero bloom, respectively (Table 4.5), 

suggesting that the double bloom is partially dominant over zero bloom and 

is also of monogenic, control. These results are similar to the reports of 

Zimmerman (1957a), Narain (1961) and Solanki and Joshi (2001) revealing 

that bloom nature is monogenically dominant over zero bloom. However, 

Peat (1928) observed the F2 ratio of 9 : 3 : 4 (recessive epis,tasis) of double, 

single, zero bloom, respectively for the cross involvjng parents with double 

and zero bloom, while Zimmerman (1957a) observed the F2 ratio of 9 bloom 

, -, 
: 7 no bloom (complementary 'epistasis) fox:._~he_ cros.s involving two no bloom 

varieties. The findings of Bhapker and Deshmukh (1978) reve!l!ed that bloom 

nature in governed by one partial dominant gene and'one modifier gene, so 
I , 

that it gave a F2 ratio of 4 : 6 :·2 : 4-of triple, double~ single 'and no bloom, 

respectively. However, White (1918), Harland (1929) and Harland (1928) 

reported that there was either complete or partial dominance of bloom in F). 

/ 
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Inheritance of spininess of capsule was studied in four crosses 

involving parents with spiny and non-spiny capsules (Table 4.6). All the F IS 

were with partial spiny capsules and in F2 it showed a segregation ratio of 1 

spiny: 2 partial spiny: 1 non spiny!!t clearly indicates the partial dominance 

of spininess over non spiny with partial spiny as intermediate class and is 

also controlled by single gene. These results are also conformed with the 

segregation of backcross generations. Similarly, Smith (1963) and Anjani 

(1997) reported that spininess was partially dominant over' nonspiny. In , 

contrary, Bhapker and Deshmukh (1978) showed that spininess was 

monogenically dominant over n-onspiny. 

Two crosses viz., VP-l x DCS-9 and VP-l x 48-1 were studied to 

understand the mode of inheritance of internode nature in castor, where VP-l 

was with condensed and DCS-9 and 48-1 were with elongated internodes 
: 

(Table 4.7). All the Fls had elongated internode 'showing dominance of 

elongated internode and the F2~showed a segregation of 3 elongated : 1 

condensed internode indicating a monogenic dominant gene control of 

internode nature which were further confirmed by the segregation pattern in 

the backcross progenies. These results were in conformity with the earlier 

reports of Zimmerman (1957b) and Solanki and Joshi (2001) ..... - ~ 
\ 

5.1.2 Joint segregation 

Segregation of more than one character tog~ther was considered to 
I 

know the presence/absence of linkages/pleiotrophy of different genes 

controlling different traits and the results are discussed here under. 



Two crosses viz., VP-l x DCS-9 and VP-l x 48-1 were studied for 

joint segregation of leaf shape, stem colour and bloom nature (Table 4.8). 

The segregation pattern of F2 and backcross populations revealed that all 

these three characters have assor(ed independent of each other and found no 

evidence of linkage. Solanki and Joshi (2001) also reported that in castor 

-- stem colour and bloom nature were segregating independent or each other. 

However, Harland (1922) and Zimmerman (1957b) reported the gene M 
I 

(Mahogany stem) was linked with the gene B (Bloom) with a cross over a 

value of 8.3 per cent. Further two crosses, VP-l x CO·l and LRES·17 x Co-l 

were studied for joint segl'eg:ation of leaf shape and bloom nature (Table 4.9) 

and observed'the independent segregation for these two traits. 

The cross, DPC-9 x 48·1 was attempted to study segregation of stem 

colour, bloom nature and spininess of capsule together (Table 4.10). Thel chi-
: 

square values were observed fts non-significant with the expected ratios for 

F2 and backcross generations jmplying that all the three traits are segregating 

independently and found no evidence of linkage. Further three crosses viz., 

VP-l x 48-1, Geeta x DCS,.27 and Geeta x SH·72 were studied to know the 

joint segregation of stem colour and spininess ~f capsule and results (Table 

. , 

4.11) revealed the absence of linkage among the genes controlling the two 
\ 

traits. However, joint segregation for bloom nat~re and spininess of capsule 
, 1 

was studied in a cross, VP-l x 48-1 (Table 4.12) and it was observed that the 

two traits' were segregated independently with each other and found' no 

evidence of linkage. 

\ \ 
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Joint segregation for leaf shape and spininess of capsule was studied 

in a cross, VP-l x 48-1 (Table 4.13). Since the chi-square value was 

significant for F2 and B, [(VP-l x 48-1) x (VP-l)] generations, it was 

suggested that the two traits were not segregating independently with each 

other and found the evidence of linkage between the genes controlling leaf 

shape and spininess of capsule. The fre,quency of parental types and 

recombinant types in B I generation (Fig. I) clearly indicates that the gene for 
.J 

I 

flat leaf (dominant) and gene for nonspiny (recessive) are linked', which are 

in repulsion phase. Further, the two traits observed' a recombination 

frequency of 25.44 per cent-in-F2 and 25.9 per cent in 'B I generation, 
I 

inferring that the two genes are located on the same chromosome with the 

average distance of25.7 map units. 

Two crosses, viz., VP- I x DCS-9 and VP-l x 48-1 were studied to 
: 

know the joint segregation of leaf shape rtnd internode nature (Table 4.14). It 

was observed that the recombinants were absent in both F2 and backcross 

generation of two crosses implying that the two traits might be controlled by 

pleiotrophic gene or might be involving tight linkage. 
" 

5.2 INHERITANCE OF FUSARIUM'WItT'RES'ISTANCE 

-- ~ 
The inheritance of fusarium wilt resistance w~s studied utilizing a 

'susceptible line, VP-l. and a resistant line, 48-1. The pareI1;t, VP-l was 

crossed with 48-1 and the resultant F I was selfed as well as backcrossed to 

both the parents to obtain F 2, B I and B2 generations. The F I and segregating 

generations were grown in sick plots and observed the disease reaction 



1-

VP-I x 48-1 VP-l 

f 

x 
s f s' 

Flat, Partial Spiny Cup, Spiny 

f s F s ' 

Parental types 

f S f S 

Cl:lP, Spiny Flat, Partial Spiny 

f s F s 

Recombinant types 

f S f 

Cup, Partial Spiny Flat, Spiny 

Recombination frequency = 25.7-% 

\. 

25.7 map units s 

Fig. 1 : Diagramatic representation of parental and recombinant types in the 
backcross of (VP-1 x 48-1) x VP-1 for leaf shape and spininess of the 
capsule 



(Table 4.15). The F 1 individuals showed susceptible reaction indicating that 

the susceptibility is dominant over resistance. While, the F 2 population 

confirmed with the segregation ratio of 9 susceptible : 7 resistant, indicating 

that )he resistance is governed by two independent recessive genes involving 

complementary epistasis. The results are also corrobo~ated with the 

segregation ratios of backcrosses. Similarly, Knowles and Houston (1953) 

reported that fusarium wilt in flax was governed by two complementary 

genes. However, Sviridov (1986a) reported that in castor. fusarium wilt 

resistance was governed by a recessive factor. 

5.3 COMBINING ABILITY STUDIES 

The experiment was undertaken to gather information on the 

combining ability of few elite castor lines. These lines were involved in a 

line x tester mating design which i,s one of the powerful tools available to 

determine both general and specific combining ability effects of parents and 

cross combinations respectively and the results of the present study are 

discussed in this chapter under suitable sub-headings: 

5.3.1 Analysis of variance and mean 

The success of any breeding programme depends upon the knowledge 
. .• 

and utilization of the genetic variability available among the parents and its , 
progeny for the characters of interest. Analysis of ivariancy (Table 4.17) 

revealed significant differences among genotypes, parents and hybrids for all 

the traits studied, indicating the existence of sufficient variability for 

effecting selection. The average performance of hybrids was different from 
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that of parents as evident from the significance of parents vs. crosses source of 

variation for all the characters. Further, significant differences were also observed 

lIlllong lines, testers and line x tester for all the traits except fur oil content in 

testers, suggesting sufficient amount of variability in the material. A comparison of 

live best cross combinations for various characters is presented in Table 4.24. The 

hybrids in gencral were early maturing, dwarf and high yielding compared) to the 

rarcnts. The crosses, involving the tester, LRES-17 and the lines, DCS-9 and 
i 

DCS-5 were early matu~'ing, while crosses involving Co-l parent were late 

maturing. Further the crosses of DCS-27 and SH-72 had long spikes. However, the 

crosses with DCS-27 had low lOO-seed weight, while with Co- I had higher values 

Dr IOO-seed weight. 

5.3.2 Combining ability analysis 

The main objective of this part of study was to identify parents with better 

potential to transmit desirable characteristics "to the progeny and identify the better 

:;peci fic crosses for seed yield and yield components. The analysis of quantitative 

inheritance was also an equally important objective to gain knowledge regarding 
\ 

-
,he naturc and magnitude of gene action, which has prime ~bearing concerning 

:hoice of most appropriate and eBicient breeding procedures .. 

I . 

The average performance of hybrids was different from: that or' parents as 

~vident fr0111 the significance of parent vs. cross source of variation for all the 

railS. This indicated the importance of non-additive genetic variation as well as 

lcterosis in the material investigated. Further, the mean sum of squares attributed 
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to the male and female parents of the hybrids which provide a measure of their 

general combining ability and the interaction between male and female parents 

~'hich provide a measure of specific combining ability (Rojas, 1951) were 

significant for all the traits except for oil content in testers, indicating the 

importance of both additive and non-additive gene effe,cts ~or the traits. 

Estimates of the relative contribution of general and specific combining ability within 

the genetic variability present in a population are of interest to plant breeders as , 

breeding methods to be adopted differ appreciably depending upon the type of gene 

" 

action. The estimates of components of variance (Table 4.19) and the degree of 

dominance indicated the predominance of additive gene action for days to 50 per cent 

l1owcring. days to maturity, number of nodes, plant height, effective spike length, 

number of capsules per primary spike and 1 OO-se.ed weight. It implied that improvement 

in these traits is possible through selection in segregating generations. Ilowever, for 

primary spike length, seed yield per plant and· oil content magnitude of ' sea variances 

were higher than gca variances indicating the preponderance of non-additive gene 

action. The presence of marked non-additive gene action su~gests the _possibility of 

- \ 

improvcmcnt through hybridization with respect to prim-ary spike length, seed yield per 

plant and oil content. Similarly, earlier workers reported predomin~nce of additi~~ gene 

action for days to 50 per cent flowering, days to maturity, number of nodes, plant . , 

height, effective spike length, number of capsules per primary spike and 100-seed 

wcight, whcreas predominance of non-additive gene action for primary spike length, 

seed yield per plant and oil content (Table 2.1). 
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The results of gca effects (Table 4.20) revealed that the lines, SH-72 

and DCS-27 and the tester, VP-I were found to be good combiners for seed 

yield per plant, number of capsules per primary spike, effective spike length 

and primary spike length, while the lines, DCS-85, Co-l and DCS-84 and the 

tester, LRES-17 were found to be poor combiners for these traits. Similarly, 

Manivel and Hussain (1997) reported that VP.-l was good combiner for seed 

yield and primary spike length. For number of capsules per primary spike, 

I 

the tester, DPC-9 recorded highest significant positive gca eff~ct., The lines, 

Co-l and AVR-l and the tester, DPC-9 contributed maximum desirable 

alleles for 100-seed weight as -evidenced by recording high significant gca 

effects and high ,per se performance. For oil content, the lines, DCS-85, 

DCS-9, DCS-5, AVR-l and the tester, LRES-17 were identified as good 

combiners, since they exhibited significant positive gca effects. In contrary, 

the lines, DCS-27, DCS-84, Co-l and Sf{-72 and the,tester, VP-l were found 

to be poor combiners for oil content. 

Since, earliness and dwarf nature is desirable; parents with negative 

gca effects for days to 50 per cent flowering, days to maturity, number of 

nodes, plant height were considered as best combiners. The lines, DCS-9, 

DCS-5, DCS-85 and DCS-84, the tester, LR~-17 were' found to be good 

combiners, for days to 50 per cent flowering, days t? maturity, number of 

nodes and plant height, hence these lines can be included as one of the 

parents in crossing programme to develop genotypes with early maturity. 

Similarly, Manivel et al. (1998) identified LRES-17 as a good combiner for 
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. earliness. However, the lines, Co-I, SH-72 and the tester, Geeta were 

identified as poor combiners for earliness and related traits. 

It was observed that per se performance of parents for majority of the 

traits, in general, was ,related to their gca effects. Thus, if a trait is 

unidirectionally controlled by a set of alleles and additive effects are 

important, the choice of parents based on per se performance may be 

effective. These results are akin to the earlier reports of Sudpakar et al. 

(1995) and Mehta (2000). Further, parents which exhibited significant gca 

effects for seed yield per plant, also possessed high significant gca effects for 

some of the yield components. 

The study of sca effects (Table 4.21) revealed significant and 

desirable effects in several hybrids for days to 50 per cent flowering (5), 

days to maturity (5), number of nodes. (8), plant height (6), primary spike 

length (8), effective spike length (5), number of capsules per primary spike 

(5), 100-seed weight (7), se~d yi,ela per plant (13) and oil content (14). 

The crosses exhibiting significant desirable sca effects for different 

characters involve parents with either high x high 'or high x l"ow or low x low 
- \ 

- . 

gca effects, indicating the predominance of additive, non-additive and 

I 

complimentary gene action in the respective cross~s. Hence, it could be 

suggested that information on gca effects should be supplemented by sca 

effects and per se performance of crosses for identifying the transgressive 

segregants. These results are in confirmity with Mehta (2000). 



In majority of the crosses with significant sca effects involved the 

parents having one good and one poor combiner for all the characters 

indicating the significance of non-additive gene action in governing the 

traits. It is in conformity with the results of Singh and Srivastava (1982) and 

Fatteh et al. (1988) suggested that most of the superior combinations have 

involved at least one good general combiner and thus combining ability of a 

parent might be considered as a reliable guide· in the predicti~n of the yield 

potential. of a cross. In general, selection is rapid if gca effects of the parents 

and sca effects of the crosses are in same direction. 

For seed yield per plant, out of 13 crosses having significant positive 

sca effects, 7 crosses (54 %) had parents with high x low gca effects, while 3 

crosses (23 %) each had parents with high x high and low x low gca effects 

(Fig.2). In the present study \ it "Yas observed that majority of the higher sca 

effects involved both or at least one good combiner indicating additive x 

additive or additive x dominance type of gene action. A comparison of mean 

performance of hybrids and their sca effects (Taole 4.24) revealed that high 

per se performance of crosses was not always related with their higher sca 

effects in majority of the traits. Therefore, per se performance should be 

given preference over sca effects while choosing best crO's's~ combinations, 
\ 

. , 
since sca effects are merely a measure' of deviation of F 1 performance from 
.' I 

prediction based on parental gca effects. These results are akin to the reports 

of Manivel et al. (1998) and Mehta (2000). 
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Amon~ the 14 crosses, which exhibited significant positive sca effect 123 

for oil content, 7 crosses (50 %) had parents with high x high gca effects, 

while 6 crosses (43 %) had high x low gca effects. However, single cross 

(7 %) involved ,the parents with'low x low gca effects (Fig.3). It is also 

suggested that majority of the superior crosses resulted from the parents 

among which at least one parent had high gca effect for oil content indicating, 

the predominance of non-additive gene action. 

, 
Since, the degree of dominance for seed yield and oil content are near 

to unity and superior crosses involving the parents with good gca effects, it is 

recommended that the crosses having desirable sca effects could be handled 

through recurrent or reciprocal recurrent selection for the improvement of 

yield and oil content. Further, the crosses exhibited high per se performance 

and substantial heterosis over better check could be exploited through 

heterosis breeding. 

5.4 HETEROSIS AND INBREEDING DEPRESSION 

5.4.1 Heterosis 

Commercial exploitation of heterosis .in crop pl_ants is regarded, a 

major breakthrough in the realm of plant -breeding. Heterosis breeding had 

-~-.~. 

led to considerable yield improvement in several crops (Rai, 1979). A , 
substantial degree of heterosis for yield and relat~d traits ,over better parent 

and standard checks have been reported in castor hybrids (Stein, 1958; 

Muhammad ef al., 1965; Hooks et al., 1971; Chakrabarty; 1997). 
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The aim of heterosis analysis in the present study was to identify the 12 C) 

best combination of parents resulting in high degree of useful heterosis. The 

existence of overall heterosis was evident by the significance of parent vs. 

cross in the analysis of variance (Table 4.17) for all the characters under 

study. Higher levels of heterosis in desired direction was observed in several 

crosses for various traits (Table 4.25). Majority of the crosses recorded 

significant and negative heterobeltiosis for days to 50 per cent flowering , 

(22), days to maturity (19), number of nodes (8), and plant height (7). 

Similarly, negative heterosis was reported by earlier workers for days to 

50 per cent flowering (Muhammad et al., 1969; Muhammad et al., 1970; 

Hooks et al., 1971), days to maturity (Khan and Rehman, 1965; Moshkin and 

Voskobojnik, 1967; Gopani et al., 1968; Muhammad et al., 1970), plant 

height (Khan and Rehman, 1965; Gopani et al., 1968; Muhammad et al., 

1970), number of nodes (Chakrabar~y, 1997). However, none of the crosses 

exhibited significant negative heterosis over the checks, Kranti and DeH-I77 

for days to 50 per cent flowering, while 3 crosses ~~ch for days to maturity, 2 

and 8 crosses for node number, 6 and 5 crosses for plant height exhibited· 

significant negative heterosis over-Kraf!~! and DeB-177, respectively. 

Considerable number of crosses recorded significant~positive standard 
\ 

. , 
heterosis for primary spike length (32 over Kranti and 9 over DCH-177), , 

effective spike length (15 over Kranti and 8 over DCH-177), number of 

capsules pe·r primary spike (18 over Kranti and 3 over DCB-I77), seed yield 

per plant (25 over Kranti and 4 over DCH-177) and oil content (30 over 



Table 4.25: Number of crosses with significant desirable heterosis for ten 
characters in castor 

Character 

I. Days to 50% flowering 
2. Days to maturity 
3. Number of nodes 
4. Plant height 
5. Primary spike length 
6. Effective spike length ... 
7. Number of capsules per primary 

spike 
8. 100-seed weight 
9. Seed yield per plant 
10. Oil contcnt 

Number of hybrids with significant 
heterosis in the desired direction over 
Better parent Kranti DCn-I77 

22 0 0 
19. 3 3 
8 2 8 
7 6 5 
1 32 9 
1 15 8 
3 18 3 

14 
19 
6 

30 
25 
30 . 

4 
2 
22 

1 9 n 
t:;..t) 



K.rantl and LL over VCl-i-l II). ~Imllarly pOSItIVe heteroSIS was also reported 

earlier by several researchers in castor, for primary spike length (Muhammad 

et al., 1969, Muhammad et al., 1970; Kaul et al., 1983), cffcctive spike 

length (Mehta et al., 1991a), number of capsules per primary spike (Khan 

and Rehman, 1965; Gopani et ai., 1968; Kabaria and Gopani, 1971; Kaul 

et al., 1983; Pathak et al., 1988; Mehta et al., 1991a), 100-seed weight (Khan 

and Rehman, 1965; Satyabalan et al., 1965; Pathak et al., 1988), seed yield 

(Stein, 1958; Ankineedu and Kulkarni, 1965; Khan and Rehman, 1965; 

Muhammad et al., 1965; Satyabalan et al., 1965; Moshkin and Voskobojnik, 

1967; Gopani et al., 1968; Muhammad et al., 1969; Muhammad et al., 1970; 

Hooks et al., 1971; Kabaria and Gopani, 1971; Voskobojnik and Moshkin, 

1977; Kaul et al., 1983; Savy et al., 1986; Pathak et al., 1988; Mehta et al., 

1991a; Chakrabarty, 1997; Saiyed et al., 1997) and oil content (Khan and 

Rehman, 1965; Gopani et al., 1968;~Hooks et ai., 1971; Voskobojnik and 

Moshkin, 1977; Saiyed et al., 1997). 

A comparison of five best cross combinations for various characters is 

presented in Table 4.24. The overall results of heterobcltiosis, standard 

heterosis indicated that the parents involved i'n _!he crossing programme 
_, , 

should have at least one with high per se performance. Sim-i~ar results were 
\ 

... ;, 

also ascribed from specific combining ability stl,ldies. High sca resulted . 
either due to high x high or high x low gca effects of parents. The degree of 

dominance values indicated that complete dominance might be the cause of 

heterosis for seed. yield for plant, whereas over.:'dominance for oil content. v 
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The mam reason ascribed is diversified parents involved in the cross 

combinations or uncommon gene(s) for trait(s) in the parents for the 

observed level of heterosis. Breede~ "can exploit non-additive gene action 

through heterosis breeding programme for the desirable crosses involving 

high x low gca effects of parents, whereas, since, heterosis obtained from 

high x high gca effects is of fixable type, pedigree method of breeding can be 

practiced for improvement of the respective trait(s). 

Based on the per se performance of hybrids and extent of heterosis, 

two hybrids, namely, LRES-17 -x SH-72 and VP-l x DCS.-5 were selected 

which out yielded significantly over the better check, DeB-I77 and could be 

exploited through heterosis breeding programme. Further, the crosses also 

exhibited non-significant heterosis over short duration check, DCH-177 for 

earliness a,nd its related traits (days t-o 50 % flowering, days to maturity, 

number of nodes, plant height) ~except, LRES-17 x SH-72 for number of 

nodes. Hence, such crosses could also be handled further to derive high 

yielding and short duration castor genotypes. 

5.4.2 Inbreeding depression 

-_-- --
An attempt was made to study the extent of Jnbreeding depression in 

both selfed and open pollinated populations for ;ten ch~racters in eight 

selected crosses in the second filial generatioQ and results (Table 4.23) are 

discussed here under. 



For days to 50 per cent flowering, days to maturity, number of nodes 

and plant height majority of the crosses exhibited significant negative 

inbreeding depression, indicating the higher values in F2 than the F, 

generation. In contrary, positive inbreeding depression is desirable for the 

earliness and related traits to obtain desirable segregants in F2 and 

subsequent generations. However, the heterosis values were negative and 

significant in majority of the crosses for these traits. Further, the crosses . 
exhibiting higher negative heterosis also exhibited higher values of negative 

inbreeding depression, suggesting the predominance of additive gene effects. 

The crosses, VP-l x DCS-5 and Geeta x 48-1 for days to 50 per cent 

flowering, Geeta x 48-1, Geeta x SH-72, DPC-9 x DCS-9 and DPC-9 x 

DCS-27 for days to maturity, Geeta x SH-72 and Geeta x 48-1 for number of 

nodes and Geeta x 48-1 and DPC-9 x DCS-9 for plant height exhibited non-
: 

significant inbreeding depression in#selfed population apart from exhibiting 

significant negative heterosis f9r the respective traits indicating the fixing of 

additive gene effects, which would result in the appearance of transgressive 

segregants in the F2 and subsequent generations. Hence, such crosses could' 

be handled for isolating desirable segregants yvith earliness and dwarf nature. 

~ 

However, the cross, LRES-17 x DCS-27 showed significant positive 
\ 

heterosis in F I and significant negative inbreediqg depression in selfed F2 

population for plant height suggesting the predominance of both additive and 

non-additive gene action. 



For the traits VIZ., pnmary spike length, effective spike length, 130 

number of capsules per primary spike, 10 general, the magnitude of 

inbreeding depression was high in selfed compared to open pollinated 

population, indicating that the inbreeding depression would be high under 
r--------------- OM"-

strict inbreeding than in open pollinated F I individuals. Further, the crosses 

~-----
showing higher heterotic effects conseque'1tly expressed the higher values of 

inbreeding depression in most of the cases, inferring the predominant role of 

non-additive gene action. However, the cross, Geeta x 48-1 exhibited non-

significant inbreeding depression and significant negative heterosis for 

primary spike length, effective spike length and number· of capsules per 

primary spike .. The crosses, VP-l x DCS-5 and VP-I x DCS-27 for primary 

spike length, DPC-9 x DCS-9 for effective spike length and VP-I x DCS-5, 

DPC-9 x DCS-9 and LRES-17 x DCS-27 for number of capsules per primary 

- ~ \ '(:,) \. \,("'1 
spike exhibited desirable non-significant inbreedin~lep_re&SiQq, though they 

had significant positive heterosis. It suggests theVlxing of additivXene 

effects for the traits in these crosses. The genetic theory of evolution of 

genes (Fasoulas, 1981) also appears to be fitting well, as the dominant genes 

represent the most desirable condit~ons_ "in the' ,evolution - of gene actions, 

where all heterotic effects are constantly converted through recombination 

into additive and fixable effects and thereby leadi~g to stability of hybrid 

vigour in F2, showing absence of any inbreeding depression. Such crosses 

could be used to produce biparental progenies to get segregants superior to 

better parent, which may be handled through pedigree method of breeding. 



These results are akin to the reports of Hirve and Tiwari (1991) who 

mentioned inbreeding depression was absent in Indian mustard. 

For 100-seed weight also the magnitude of inbreeding depression was 
./ 

high in selfed F2 than open pollinated F2 population barring the crosses 

which involve, DCS-27 as male parent. Since, the 100-seed weight of 

DCS-27 parent was least (Table 4.18), opeh pollination of the hybrids of 

DCS-27 had negative inbreeding depression. The crosses ,exhibiting 

significant positive inbreeding depression viz., DPC-9 x DCS-27, VP-I x 

DCS-5, Geeta x SH-72 ,>!~so recorded significant positive heterotic 

effects indicating the presence of dominance and over dominance for 100-

seed weight, wherein heterosis breeding could be rewarding for improvement 

of the trait. Similarly, Pathak et al. (1988) reported high inbreeding 

depression for 100-seed weight in :castor. However, the crosses, DPC-9 x 

DCS-9, VP-l x DCS-27, LRES-17 x SH-72 and Geeta x 48-1 recorded non-

significant inbreeding depression _in selfed F2 population though they had 

significant positive heterosis indicating the predominance of fix~ble gene 

effects. Hence, it could be possible to isolate desirable transgressive 

segregants in the F2 and subsequent generatiof!s which could be handled 

through pedigree method of breeding to develop suii'ablc'variGtics with high 
\ 

test weight. 

Similarly for seed yield per plant the magnitude of inbreeding 

depression was high under selfed F2 compared to open pollinated F2 

population. It suggests that the inbreeding depression was high under strict 

-
\~ 
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selfing than the open pollination of F I hybrids. Among eight crosses, studied 

seven crosses had significant positive values for both inbreeding depression 

and heterosis, indicating the predominance of non-additive gene components 

in governing seed yield. These results were also confirmed with the values of 

degree of dominance. Similar results were reported by Pathak et al. (1988) in 

castor and Singh and Rai (1995) in Indian mustard. Therefore, the desirable 

best crosses can be utilised in the breeding programme and rapid progress 

can be achieved by family selection following intermating in subsequent 

generations for the improvement of seed yield. However, the cross, Geeta x 

48-1 exhibited non-significan-t inbreeding depression in selfed F2 condition 

besides expressing positive heterosis. It indicates the predominance of 

additive type of gene action. These results are akin to the reports of Yazdi-

Samadi et al. (1975) who reported negligible inbreeding depression in 

safflower. Hence, the cross could }te used to produce biparental progenies 

and evaluate subsequently to get superior segregates which might be handled 

through pedigree method of breeding. 

For oil content, two crosses viz., LRES-17 x SH-72 and Geeta x 

SH-72 exhibited significant positive -inbre~di'n~. depression and also had 

~ . 
significant positive heterosis suggesting the preponderance-of non-fixable 

\ 

gene effects. The cross LRES-17 x DCS-27' re~orded significant positive 

inbreeding depression in selfed F2 population' and significant negative 

heterosis iIi. F I suggesting the presence of epistatic interactions in governing 

the trait. However, the cross, VP-I x DCS-5 exhibited non-significant 
,!~ 
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negative inbreeding depression, though it had significant positive heterosis 

inferring the predominance of fixable gene effects. Hence, it could be 

possible to isolate desirable transgressive segregants from such cross in F2 

/ 

and subsequent generation, which might be handled through pedigree method 

of breeding for improving oil content. 

For the utilisation of F2 seed for ~commercial crop production, it is 

essential to have low inbreeding depression for seed yield and also they 

should be uniform in height and maturity duration. However, the F2 

popUlation of the crosses involvingLRES-17 as female parent showed large 

variation in plant height and days to maturity, while the crosses with VP-I 

showed large variation in plant height. Further, most of the crosses studied 

exhibited high magnitude of inbreeding depression for seed yield per plant 

barring the cross, Geeta x 48-1. H was also found that the decrease in seed 

yield was several folds high when compared to hybrid seed cost. Hence, 

based on the results it could be suggested that it is not worthwhile to 

recommend F2 seed for commercial crop production. However, the crosses 

involving DPC-9 as female parent whose heig~t and ma_turity parameters 

were relatively on par with majority - or-good -m~le -combiners, the F2 seed 

could be suggested for sowing, if the cross IS h!ghly heteroti~ with no 

inbreeding depression. 
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CHAPTER VI 

SUMMARY 

The present study in castor was undertaken to understand the genetics of 

certain important morphological characters and their associations, to know the 

mode of inheritance of fusarium wilt resistance, to obtain information on the 

nature of combining ability and gene effects of parents and also to study the 

extent of heterosis and inbreeding depression in selected crosses. .' 

Experiments were conducted objective wise and salient findings emerged 

there from have been summaris-ed below. 

1. Inheritance of certain morphological characters 

Nine crosses were made between the parental lines possessing contrasting 

features of morphological characters for one or more of the five traits studied viz., 

leaf shape (cup vs. flat), stem coloar (red vs. green), bloom nature (triple vs. 

double; triple vs. zero; zero vs. double), spininess of capsule (spiny vs. nonspiny) 
. ' ~,t 

-
and internode nature (condensed vs. elongated). The F:I' F2 and backcross 

generations for each of the nine crosses were evaluated for the expression of 

respective morphological traits studied. ---... 

'. , 

Results revealed that the leaf shape' is controlled by--single gene and flat 
\. 

shape being dominant over cup shape. Similarly' the; stem colour is monogenically 

controlled with red colour being dominant over green. The crosses involving 

triple bloom' and double bloom parents revealed 'that triple bloom is dominant 

over double bloom and is under single gene control. However, the crosses 
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between triple bloom and zero bloom parent showed that triple bloom is partially 

dominant over zero bloom and is of monogenic control, whereas the crosses 

between zero bloom and double bloom parent revealed the partial dominant 

nature of double bloom over zero bloom and is also controlled by single gene. 

Studies on genetics of spininess of capsule showed that spininess is partially 

dominant over nonspiny with partial spiny as intermediate class and is of 

monogenic control. In case of internode nature elongated internode is dominant 

over condensed nature and is c.ontrolled by single gene. 

Joint segregation studies in different crosses for leaf shape, stem colour, 

-
bloom nature and stem colour, bloom nature, spininess of capsule revealed that 

the genes governing the traits are assorting independently and found no evidence 

of linkage. However, the genes governing traits viz., leaf shape and spininess of 

capsule were found to involve linkage with cross over value of25.7 per cent. The 

allele for cup shape leaf (recessive) is linked with the allele for spiny capsule 

(dominant) and vice-versa Le., in repulsion phase. Due to absence of recombin-. . 

ants it is concluded that the traits, cup shape leilf and condensed nature of 

internodes might involve tight Jinkage or due to pleiotrophic effect of the gene. 

2. Inheritance of fusarium wilt resistance 

The cross, VP-l x 48-1 involving a susceptible parent (VP-l) and a 
\ 

_ i 

resistant parent (48-1) was attempted and further ha.ndled to produce F2, B" B2 
I 

generations. F I hybrids and segregating generations were screened in wilt sick 
, 

plot and observed for the disease reaction .. The expression of F I individuals and 

the segregation of F2 and back cross populations revealed that resistance to wilt is 
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controlled by two genes involving complimentary epitasis and" resistance IS 

recessive over susceptibility. 

3. Combining ability studies 

, 

Nine males and four females were crossed in line x tester fashion to obtain . I 

36 F I hybrids. The parents and crosses were evaluated for ten quantitative 

characters and data were subjected to combining ability analysis. 

The analysis of variance for combining ability revealed significant 
I 

differences among lines, testers, line x testers for all the traits except for oil 

content in testers, indicating the presence of ample variation for effecting 

selection. In general the hybrids were early maturing, dwarf and high yielding 

compared to their parents. The estimates of components of variance and degree of 

dominance indicated the predominance of additive gene action for days to 50 per 

cent flowering, days to maturity, pumber of nodes, plant height, effective spike 

length, number of capsules per primary spike and 100-seed weight. However, the 

traits, primary spike length, seed. yield per plant and oil content were found to be 

governed predominantly by non-additive gene action: 

Among the parents, LRES-I7, DCS-5, DCS-9 and D~S-85 were found to 

-
be good combiners for early maturity and dwarfness -apart from oil content, while 

- _._-
the parents, VP-J, DPC-9, DCS-5, DCS-27 and SH-7,2 were adjudged as the best 

general combiners for seed yield per plant. It could ~e sugge~ted that the female 

lines possessing good combining ability for seed yield could be crossed to the 

best combining male parents for earliness and related traits or vice versa in order 

to obtain desirable segregants. 



Of the 36 hybrids studied, four hybrids, namely DPC-9 x DCS-9, 

VP-l x DCS-5, DPC-9 x DCS-27 and Geeta ~ SH-72 had high significant sca 

effects for seed yield and for one or more yield component characters viz., 

primary spike length, effective spike length, number of capsules for primary spike 

and 100-seed weight. The. crosses exhibiting significant desirable sca effects for 

., 

different characters involve parents with either high x high or high x low or low x 

low gca effects. In general, majority of the crosses with significant ,sea effects 

involved parents having one good and one poor combiner for all the characters 

indicating the significance of non-Jld4itive gene action in governing the traits. 

4. Heterosis and inbreeding depression 

The existence of overall heterosis was evident by the significance of 

parent vs. cross in the analysis of variance of all the characters studied. Two 
, 

hybrids viz., LRES-17 x SH-72 and VP-l ~ DCS-5 significantly out yielded the 

better check, DCH-177 and could be exploited through heterosis breeding 

programme following proper te-sting. 

Inbreeding depression studies indicated that in general the magnitude of 

inbreeding depression was high in selfed populatioll compared to open pollinated 

population of F2• It suggests that the level of depression 'is high-under strict 
I 

selfing than open pollination of F I hybrids. In majodty of the crosses both 

heterosis and inbreeding depression were negative and significant for days to 50 

per cent flowering, days to maturity, number of nodes and plant height indicating 

predominance of additive gene effects in governing the traits. However, for seed 

yield per plant, 100-seed weight, number of capsules per primary spike, effective 
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spike length, primary spike length and oil content, majority of crosses exhibited 

significant positive values for both heterosis and inbreeding depression indicating 

the predominance of non-additive gene effects. Further, desirable non-significant 

inbreeding depression and significant positive heterosis were observed in 

VP-l x DCS-5 and VP-l x DCS-27 for primary spike length, DPC-9 x DCS-9 for 

effective spike length and VP-I x DCS-5, DPC-9 x DCS-9 and LRES-17 x 

DCS-27 for number of capsules per primary spike. Hence, it could be possible to 

isolate desirable trangressive segregants in the F2 and subseq~ent generations 
, 

which could be handled through pedigree method of breeding to develop suitable 

varieties. For seed yield pef" plant none of the crosses exhibited non-significant 

inbreeding depression except the cross, Geeta x 48-1. In contrary it is essential to 

have low inbreeding depression for seed yield apart from having uniform plant 

height and maturity duration for the possible utilisation of F2 seed for commercial 

crop production.· However, the F; population of the cross involving LRES-17 
~ 

parent showed large variation in plant height and maturity duration, whereas the 

crosses of VP-I showed -wide array of recombinants, for plant height. Further, 

since the reduction in seed yield from FI to F2 is several times higher than hybrid. 

seed cost, it is suggested that recommendation of F2 seed for sowing is not 

economical. 
-~-
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CONCLUSIONS 

The genetic study of certain morphological characters in castor indicated 

that each of the five characters viz., leaf shape, stem color, internode nature, 
, 

bloom nature and spininess of capsules are governed by single gene, where . .' the 

former three characters had complete dominance reaction, whereas latter two 

characters expressed partial dominance. The bloom nature is controlled by single 

gene possessing mUltiple alleles with dominance or partial domil'}ance reaction in 

the order of triple bloom, double bloom, zero bloom. 

The genes governing the traits leaf shape, stem colour, bloom nature and 

stem colour, bloom nature, spininess of capsules are assorting independent of 

each other and found no evidence of linkage. Hence the characters can be 

transferred easily to the desired parents depending upon their significance. The 

genes controlling leaf shape and spininess of capsules were found to be linked 

~ 

with the cross over value of 25.7 per' cent,' whereas the traits, leaf shape .and 

internode nature might be involved tight linkage or due to pleitrophic effect of the . 

gene. The progeny of large F2 population grown in isolation is needed to study 

further to confirm the results regarding tight linkage or pleitrophy. 

Fusarium wilt resistance in governed by two independent recessive genes 

involving complementary epistasis. Back cross method can be utilized to transfer . . 
the recessive genes controlling fusarium wilt resista~ce. 

The pr'edominance of non-additive gene effects for seed yield and oil 

content can be exploited through; heterosis breeding. Reciprocal recurrent 



selection procedure is also useful to utilize additive and non-additive gene action 

for population improvement. 

The magnitude of inbreeding depression was high under strict selfing than 

open pollination of F 1 plants. It is not economical to recommend F2 seed for 

commercial crop production. The crosses possessing non-significant inbreeding 

depression with significant desirable heterosis can be utilized to isolate 

transgressive segregants in F2 and subsequent generations. 

\'1\ 
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