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ABSTRACT 

The present investigation was carried out at Regional Agricultural 

Research Station, Nandyal, Andhra Pradesh to study the effectiveness of 

various population improvement schemes in improving yield and yield 

attributes. The study was also aimed at to find out stability of populations/ 

characters over different locations and dates of sowing. The Morden open 

pollinated population was chosen for imposing population schemes like mass 

selection, half sib, full sib selection and selfed progeny selection schemes. 

The base population allotted for various selection schemes revealed that 

the attributed plant height, head diameter, 100-seed weight, oil per cent, oil 

yield and seed yield / plant exhibited wider variability in the form of mean, 

range, variance and coefficient of variation. 

Increase in head diameter, oil per cent and seed yield / plant were 

found in MSj kharif and rabi seasons over that of MSQ population. Whereas 



in BSj population, in different seasons, the mean values of all the yield 

attributes were lower than BSQ and BS, populations except 100-seed weight 

and oil percent in summer season. 

The HSj and FS2 population showed increased mean values in oil yield 

and seed yield / plant over the base population. However, HSj population 

further showed an improvement in the mean values in the attributes like head 

diameter, 100-seed weight and oil percent. However, in Sj bulk population, 

oil yield and seed yield / plant were mostly affected characters when 

compared to SQ and S, populations. 

The variance and co-efficient of variation were reduced as the 

generations advanced in all the populations of mass selection, bulk sib 

selection, half sib, full sib selection and selfed progeny selection schemes. 

The comparative efficiency study of various population improvement 

schemes revealed that ftill sib and half sib selection schemes have more 

effective in improving oil yield and seed yield / plant. 

High heritability and genetic advance were found in 100-seed weight, 

oil yield and seed yield / plant in HS,, FS2 and S, generation populations and 

broader scope for further improvement. 

The differences between GCV and PCV values were narrow in all the 

attributes when studied in the second generation over all populations. This has 

resulted in obtaining high heritability estimates. However, high heritability and 

genetic advances were found in plant height and seed yield only. 



The character association and path analysis in different generation 

populations of various selection schemes revealed that oil yield/ plant showed 

strong significant positive association with seed yield / plant and also resulted 

in maximum direct effect. 

The genotype and environmental (locations) study revealed that all 

populations expressed greater unpredictable behaviour and instability for all 

characters across different locations. However, the stability of characters 

observed in the populations were, selfed progenies for seed yield, head 

diameter and plant height, bulk sibs and half sibs for oil percent, stem 

thickness and maturity, ftill sibs for head diameter and maturity, mass 

selection for 100-seed weight. The full sibs for poor environment, half sibs 

and MSFH-17 for average environment and selfed progenies for favourable 

environment were found suitable. 

The genotype and environments (dates of sowing) study revealed that 

populations were highly responsive to changes in different dates of sowing. 

The full sibs and half sibs were found promising for seed yield and oil yield 

for cultivation under average environment. Whereas mass selected progenies 

for maturity and selfed progenies for oil percent were promising under poor 

environment. 



Chapter - I 

Introduction 



CHAPTER - I 

INTRODUCTION 

Sunflower {Helianthus annuus L.) cultivation in India started in 1969 

with the introduction of four Russian and a Canadian variety i.e. VNIIMK 

8931 (EC-68413), peredovic (EC-68414), Armavirskii 3497 (EC-68415). 

Armaverts (EC-69874) and Sunrise, respectively. These varieties were 

extensively tested under ICAR coordinating system during Rabi 1969-70 and 

Kharif \910-1\. The performance of these varieties under muhilocations has 

given hope of cultivating sunflower successtuUy in the country on large scale. 

The two varieties EC-68414 and F>C-68415 became popular among five 

varieties tested and are still under cultivation. Subsequently, one early 

maturing germplasm line EC-101495 (Cemiaka-66) was identified during 

screening and evaluation of germplasm collection at Bangalore. This line on 

its introduction from USSR into Canada was called by name 'Morden'. Later 

this was released as Morden variety in Kamataka in the year 1979. 

There was a phenomenal increase in the area of Sunflower from 500 

ha in 1972-73 to 2.00 million ha in 2000 with a production touched to 1.17 

million tonnes (Anonymous, 2000). Rapid increase in the area of sunflower 

crop due to its wide adaptability, short duration, photo-insensitivity, high 

water use efficiency, high quality oil, high oil content, low seed rate, low 

cost of cultivation and relatively low pests and diseases. 



There were some constraints in the crop at the early stage of 

introduction viz., poor seed filling, susceptibility to bird damage, lack of high 

self fertile lines, non-availability of good varieties / hybrids, lack of good 

agronomic practices, lack of resistance to pests and diseases, lack of tolerance 

to drought, supply of inadequate and poor quality seed and lack of perfect 

seed production technology (nucleus and breeders seed). To over come these 

constraints intensive research programmes have been initiated with multi-

disciplinary coordinated approach and encouraging results have been achieved 

in collaboration with different organizations like ICAR, SAU and other private 

agencies. 

However, much emphasis was given for exploitation of heterosis in the 

hybrid development programmes using available cytoplasmic male sterility and 

genetic fertility restoration systems and less importance for the development 

of open pollinated varieties with a high genetic potential of yield on par with 

hybrid varieties. This has resulted inaccessibility of majority of poor farmers 

in the country for cultivation of hybrids because of its high cost. Not only 

that, the farmers of this country have a habit of saving the seed of the crop 

for lliture sowings. At this juncture, if critically analysed the overall situation 

in the country, there is need to concentrate the breeding efforts towards 

development of open pollinated sunflower varieties keeping the majority of 

the poor farmers in the country inview. The Morden variety was released in 



1979 in Karnataka and even today this variety is widely grown in the 

country. This is the best example to indicate not much of breeding 

programmes were oriented towards varietal development programme. This is 

to be considered as a research gap. Whatever efforts have been made sofar 

in the varietal improvement programmes, several population improvement 

methods have been devised, tested and adopted in several parts of the world 

to exploit genetic variability in the base material. The most prominent 

methods enumerated by Virupakshappa, 1994 were (1) mass selection (2) 

pustovoit method (3) half sib family (4) full sib family and (5) selfed progeny 

evaluation. All these methods have been imposed individually on the base 

material and improvements were studied. However, the studies on relative 

efficiency of all these methods on a single base material are meagre and 

needs to be thoroughly investigated to launch a massive programme for 

improvement of open pollinated varieties in sunflower for seed and oil yield. 

Fhis is the primary responsibility of a breeder to ensure that the production 

and qualitative value of seed for commercial exploitation should be 

consistently monitored to make the crop highly competitive for farm earnings 

and sustaining basic objective of self-sufficiency in vegetative oil consumption 

demand of Indian Population. 

Apart from this, assessing the stability of populations described by 

imposing different population schemes is all the more necessary to identify 



suitable population derived by a particular scheme which interact favourably 

with the environments. 

In the present investigation, Morden variety was chosen for imposing 

various population improvement selection schemes as this variety is the most 

stable, early, short stature and dependable variety grown with varying 

managerial skills and input capacities of the farmers in different environments. 

Thus the present investigation aimed at in open pollinated Morden 

variety with the following objectives. 

* To study mean, range, variance and coefficient of variation for yield 

and yield attributes in different populations derived by imposing 

various selection schemes. 

* To compare the efficiency of mass selection (MS), bulk sib (BS), half 

sib (HS), full sib (FS) and selfed progeny (S) selection schemes in 

improving yield and yield attributes. 

* To estimate various genetic parameters in various populations derived 

by different selection schemes. 



* To study the effect of imposition of various selection schemes on the 

character association of yield and yield attributes. 

* To study the effect of imposition of various selection schemes on 

direct and indirect effects of yield and yield attributes. 

* To findout stable populations derived by various population 

improvement schemes in different locations / dates of sowing. 
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CHAPTER - 11 

REVIEW OF LITERATURE 

Population improvement was the earliest method applied to cross 

pollinated crops. The interest in population improvement methods declined 

with the development of hybrids and synthetics. However, breeders are now 

paying more attention to population improvement programmes especially after 

establishing All India Co-ordinated Research Projects on various crops more 

specifically in cross pollinated crops like Sunflower. 

The success of any plant breeding programme mainly depends on 

several factors like variability in the population, intensity of selection, genetic 

structure of the traits and more specifically the selection scheme employed. 

In the present investigafion five selection methods viz., mass selection, bulk-

sib selection, half sib selection, ftill sib selection and selfed progeny were 

compared for their 'relative efficiency in improving yield and yield attributes 

in an open pollinated population Morden. The literature pertaining to these 

studies has been reviewed under the following headings. 

1. Relative efficiency of selection schemes 

2. Genetic parameters 

3. Correlation and path analysis 

4. Stability 



2.1 RELATIVE EFFICIENCY OF SELECTION SCHEMES 

In sunflower relevant literature on selection methods is very meagre. 

Hence pertinent studies in maize and other cross pollinated crops like niger, 

brassica and pearlmillet have been reviewed. 

2.1.1 Sun flower : 

According to Marozov (1944 and 1947) the varieties derived from the 

closely related material has limited variability that lead to failure in increased 

the seed yield of Sunflower. He also observed that spatial isolation was 

effective to increase oil content following different selection methods. By 

applying mass selection he could increase oil content of the seeds through 

reduction in husk percentage. 

Stojkovic and Gibsman (1949) obtained promising material with high 

oil content throu^ mass selection applied in a local variety. Individual plant 

and group selection methods involving remnant seed system of selection 

resulted in the production of two varieties with high (59%) oil content. 

Semihnenko and Kamennobrodskaja (1962) reported that selection for 

high percent seed set resulted in the progenies with improved seed and oil 

yield. But, the selection for head diameter had no significant effect on seed 

and oil yields. 



Kloczowski (1975) predicted greatest genetic advance for plant height, 

100 seed weight and seed yield per plant with 30% selection intensity. 

Expected genetic advance was moderate for husk content, where as it was 

low for oil content (2.2%). 

Cull et al (1977) calculated heritability estimates, phenotype 

correlation and expected responses after one cycle of fiill sib and mass 

selection as well as the combination of both the methods. They observed that 

when heritability estimates were correlated for the effects of inbreeding and 

assortative mating with cross pollination, the later produced marked decrease 

in the heritability estimates necessitating to take these effects into account in 

sunflower breeding. 

Miller et al (1977) obtained an increment of 12.2% is oil content after 

three cycles of recurrent selection. They opined that the selection for oil 

content in the early generations would be effective to improve oil content as 

the heritability estimates for the trait was sufficiently high. 

The results of Harinarayana et al (1980) after three cycles of mass 

selection based on oil yield and oil content in three diverse populations, 

SF|A, SFjA and SF3A showed that seed yield decreased in SF,A and SFjA 

in cycle 2 but increased in SF3A. Response to selection for seed yield in 



SF3A was greater in cycle 3 than in cycle 2, oil content increased in SF,A 

and SF2A in cycle 2 but there after the rate of increase slowed down the 

SF3A population. The SFjA which had highest oil content initially, exhibited 

slower response to selection for oil content. 

Miller and Hammond (1985) reported an increase in seed yield by 6.3 

percent per cycle after three cycles of reciprocal ftjll sib selection. 

Pandey et al (1988) reported an increase in seed yield of 28 percent 

over the base population at the end of third cycles of modified mass 

selection. 

After two cycles of recurrent selection for GCA, Mamonov (1991) 

obtained an increment in yield by 13.9 percent and oil content by 16 per cent 

in the improved sunflower population 27860. Nearly 18 percent of the 

selected families had higher GCA in the second cycle of selection as 

compared to the first cycle. 

hitra-population recurrent selection based on half sib families in gamma 

irradiated as well as common populations was studied by silveira and Filho 

(1992). Additive variance for the traits studied was higher in irradiated 

population than in control 



According to Telli et al (1996) when sunflower cultivar subjected to 

open pollination followed by mass selection in 2 successive growing seasons 

to evaluate the genetic progress obtained by 2 selection cycles per year. He 

observed that spring selections were superior to summer ones. 

2.1.2 Maize 

Gardner (1968) applied ten years of mass selection on thermal neutron 

seed treated and untreated populations of maize variety. Hays golden thermal 

neutron irradiation applied to seeds for two generations increased the genetic 

variability but reduced the grain yield. Selections in both irradiated and 

control populations resulted in an increased seed yield by 3% per year and 

the final populations were more prolific, late maturing and taller than the 

original Hays golden variety. It was concluded that the additive genetic 

variance had increased in the irradiated populations. 

Silva (1969) imposed two cycles of half sib selection on a broad 

genetic based maize composite cateto Columbia compost and the results 

indicated that simultaneous selection for grain yield and number of ears per 

plant would be effective and in cycle 11 the mean yield was increased by 8.8 

to 10.9%. 



EL-Rouby er a/ (1971) reported that both modified mass selection and 

ear-to-row selection schemes were effective in increasing the grain yield by 

8.9 + 1.2 per cycle in an open pollinated variety American Early. Although 

the grain yield increased with ear to row selection but the genetic co-etficient 

of variability decreased. 

Empig et al (1971) worked out expected genetic progress from mass, 

S,, half sib, full sib, modified ear to row, top cross and reciprocal full sib 

selections in a random mating population. Based on the ratio of amount of 

additive genetic variance to the number of generations per cycle of selection, 

it was concluded that the most efficient intra population selection scheme was 

mass selection with pollen control followed by modified ear to row selection 

and S, progeny selection. 

Patemiani (1973) revealed that reciprocal recurrent selection scheme in 

improving the combining ability after one cycle of selection. When the half 

sib progenies were test crossed, the scheme required three generations per 

cycle and test crossing of individual open pollinated plants required two 

generations per cycle. Improvement in combining ability was 6 and 4 percent, 

respectively for these schemes. 



Bulow (1974) worked out for plant efficiency (grain/stover) ratio, grain 

yield and earliness in two composites L and V for three generations of mass 

selection and observed 0.65 + 3.6 percent increased grain yield per cycle. 

Osuna (1974) observed that a selection intensity of 5 percent led to an 

improvement in grain yield and other agronomically valuable traits after two 

cycles of stratified mass selection applied on two broad genetic based tlint 

and dent populations. 

Poblete and Galan (1974) studied the effect of six cycles of mass 

selection for ear weight, grain yield and various yield components in three 

maize varieties. A significant response to selection for ear weight was 

noticed in Mexico group 10 and Xolache composites but when selection for 

grain weight was practiced, only Mexico group 10 responded to selection. 

Rivera and Crompton (1974) revealed that three sub populations of 

Mezcia varieties Amarillos population when subjected for mass selection for 

prolificacy and grain yield, differential response to selection under different 

seasons indicated that when three cycles of selection were made during rainy 

season, the increase in yield was 10.5 and 0.8 percent per cycle when the 

progress was assessed during rainy and dry seasons, respectively. For ears per 

plant, the corresponding responses were 8.8 and 1.0 percent, respectively. 



Results of two experiments conducted by Yap and Chiow (1974) to 

ascertain the effect of bulking superior full sib or their open pollinated 

progenies indicated that bulking of superior full sibs yielded 14.4 percent 

more in local flint and 11.9 per cent in metro variety. Further they noticed 

some improvement in yield components due to selection for yield but no 

significant effects were evident for plant and ear heights and days to 

tasselling. 

Ismail (1975) observed that wide variability for several yield and yield 

attributes over two cycles of selection among fiill sib families of synthetic 

Laposta and progenies of Tuxp PB X AED populations. 

Morales and Larangal (1975) observed that after three cycles of mass 

selection, number of ears per plant increased by 11.3 percent and grain yield 

by 7.3 percent per cycle in the crosses involving variety UPCA-2 while 

number of days for silking was reduced in crosses with UPCA-2 and 

UPCA-3. 

Ayala (1976) applied mass selection with a selection intensity of 10 

percent on two heterogeneous Brazilian maize populations and obtained an 

estimated gain of 2.82 percent per cycle for yield in dent composite and 3.45 

percent in flint composite. 



'* 

Hoegemeyer and Hallauer (1976) made selections among and with in 

tiill sib families and effected crosses among the selected and unselected lines 

from Iowa two year synthetic and pioneer prolific composite. Evaluation of 

the interpopulation indicated that 7.4 per cent higher than intra population 

crosses while the crosses of selected lines gave yields 11.2% higher than the 

unselected line crosses. They found that selection among and with in the ftill 

sib families was an efficient method to draw superior parental lines for 

hybrids. 

Josephson and Kincer (1976) carried out mass selection for 14 

generations in a maize variety jellicorse. Maximum increase in grain yield 

was 13.1% recorded between fifth and nineth generations of selection. Total 

increase in ears per plant and ear weight were 22.1 and 21.6% respectively, 

after 14 generations of selection. Mean yield of the selected plants increased 

by 9.2% from third to eighth cycle of selection. 

Improvement in grain yield was found to be greater from sib family 

selection (5% per year) followed by mass selection (4.4%) and S, selection 

(4%) applied in a population Suceava-1 (Funduianu, 1977). However, 

selection of half sib families and selection based on crosses of S, lines x 

tester were least effective in improving the yield. 



I< 

Mukherjee et al (1980) observed that among full sib, half sib and SI 

selection practiced on four different genetically broad based and divergent 

populations, composites derived from half sib families gave no gain in yield 

but two of the four ftill sib families programs yielded 5 percent gain. Peixoto 

(1980) obtained improvement in yield and yield components by one cycle of 

selection among and with in half sib families of two composites. Response 

to selection was found to be greater for selection among families than the 

selection within them. 

Osuna et al (1981) worked out 70 half sib families derived from a 

tlint composite, against two control varieties and found that 26 half sib 

families surpassed the over all mean yield by more than 11 percent. Similarly, 

an increase of 18 percent for yield was recorded after eight cycles of mass 

selection exercised on synthetic variety 31A by Van and lUia (1981). 

Zorilla and Crane (1982) observed an increase in grain yield by 2.86 

q/ha or 5.46 per cent per cycle of full sib family selection in colus synthetic 

variety. Average gain from among and within family selection as 2.63q/ha 

or 4.1 percent per cycle compared to unimproved variety gain from selection 

was found to be highest in first of the three selection cycles. 



Lima et al (1977) observed high yield and good agronomic 

performance in dentato composto NfF-HS II after one cycle of mass selection 

and three cycles of selection with in and between half sib families and ftirther 

expected gain of 10 percent for grain yield was observed of which 7% was 

attributed to selection between families and 8% with in family selection. 

Kauffmann and Dudley (1979) evaluated the effectiveness of mass 

selection and half sib family selection for increasing protein percentage in two 

maize populations and observed that mass selection was as effective as half 

sib family selection. 

Selection among ftill-sib families experimented by Zorilla (1979) in a 

maize synthetic opaque yielded a total gain of 20.9 percent (7% per cycle) 

for grain yield over the original variety . 

Analysis of data on grain yield, oil content and oil yield revealed that 

the selection of full-sib families was more effective than half sib or mass 

selection for oil content in maize population Suceava-1 (Funduianu and Moga 

1980). However, for oil yield, half sib or full sib families selection were 

equally effective. 



A substantially lower genetic advance of 6.6 percent was realised after 

two cycles of fiiU-sib selection made in Isla cultivar Ageti by Dhillon et al 

(1983). 

Variation among half sib and ftill sib families for grain yield was 

studied by Dhillon et al (1984) in a random mating population J-663. 

Additive variance was significant for grain yield and hence resulted in 

improvement of the trait. 

Moll and Hanson (1984) worked out the response to ten cycles of full 

sib family selection and ten cycles reciprocal recurrent selection for grain 

yield in two maize populations Jarvis and Indian chief. Average response to 

selection per cycle was 3.5 and 1.4 percent from ftill sib selection in Jarvis 

and Indian chief, respectively and average response from reciprocal recurrent 

selection was 2.4 and 0.3 percent for Jarvis and Indian chief, respectively. 

Khehra et al (1985) worked out expected genetic advance per cycle of 

selection and reported highest for full-sib selection (12.44%) followed by 

half-sib (11.23%) and mass selection (4.47%) in 64 half sib and 256 full sib 

families of Makki-safed-1 variety when they were evaluated for grain yield. 



Pal et al (1986) studied 115 each lull sib and S, families for yield and 

its related traits at 10 percent selection intensity and noticed that the realized 

gain from full sib selection was comparable to expected gains for grain yield 

but lower gains were realised for other traits. Realised gain per cycle was 

higher through full-sib selection than through S, family selection for grain 

yield. Thus full-sib selection was better than S, selection in intra population 

improvement. 

Wright and Cockerham (1986) expressed that on the basis of progeny 

tests it is revealed that both progeny testing and family selection schemes 

(full sib or half sib) were superior than mass selection. Whenever the rate 

of self fertilization was low, family selections were found to yield greater 

permanent gains over range of heritability values than the mass selection. 

In maize crop Pandey et al (1987) evaluated four different populations 

employed by full sib selection at different environments. Per cent gain per 

cycle of selection averaged over populations and environments were 

statistically significant indicating the efficiency of full-sib selection for 

improving the maize populations. 



Based on results generated from two selections schemes Arha et al 

(1990) concluded that selection of ftiU sib families were superior to mass 

selection. 

Reddy and Agarwal (1992) predicted the genetic gain from full-sib 

family selection applied to a maize composite D-742. Full sib family selection 

with the advantage of selecting more than one character at a time showed 

expected response approximately three times more than mass selection. 

Byrne et al (1995) subjected population Tuxpeno Sequia (TS) to eight 

cycles of full sib recurrent selection at one location with managed drought 

stress while Tuxpeno I (T,) to six cycles of modified half sib selection 

scheme that relied on multilocation trial data. When studied over 12 

environments both TS and T, populations revealed significant differences in 

rates of change per cycle for grain yield ears per plant, plant height and 

anthesis and silking interval. 

The interaction of environments with the linear rate of gain in grain 

yield was not significant in either populations, indicating similar progress 

across the range of environmental conditions sampled. They concluded that 

selection under managed level of drought stress at one location together with 

multi location testing would be desirable components of maize breeding 

programmes for 1st drought prone tropical areas. 



2.1.3 Brassica SPP 

Two cycles of mass selection improved seed yield to the extent of 31.8 

percent over the base population and 26.6 percent over the check variety f,,. 

Das and Arunachalam (1985) selected early and late mating plants from 

each of six populations studied and their progenies were full sib to produce 

early and late ftillsibbed populations. They noticed significant yield advance 

over the parental populations depending on the initial genetic variability 

between the populations. 

Schweiger and Rudlolf (1987) performed four to five generations of 

recurrent selection for high oil content in two breeding stocks of winter rape 

BNW9 and BNWll. Selection of 5 percent of plants with highest oil content 

led to an increase in mean oil content by 0.6 percent per cycle in BNW9 

while little effect was noticed in BNWl I. 

2.1.4 Pearl millet 

Gupta and Choubey (1984) observed that two cycles of mass selection 

with 3.3 percent selection intensity increased forage yield per plant, stem 

thickness and tiller number per plant by 21.34, 9.60 and 8.98 per cent, 

respectively in a population JFB 801 while one cycle of visual S, progeny 

selection with 3.1 per cent selection intensity increased forage yield per plant. 



leaf breadth and tiller number per plant, by 11.04, 13.09 and 15.57 per cent, 

respectively. 

Response to selection based on single and multitrait criteria in two 

pearl millet populations, PSB 7 and PSB-3 was studied by Zaveri et al 

(1989). Analysis of data from S,, half sib and full sib family selections 

indicated that the genetic advance was greater among S, families than half sib 

and fiill sib families. 

2.1.5 Niger 

Two cycles of mass selection was carried out by Virupakshappa et al 

(1986) in four local populations of niger. Response to selection for seed yield 

was 29 percent in population 1 and 31 percent in population 2. Increase in 

yield was attributed to increase in capitula per plant. Oil content increased by 

2.14 per cent in population 1 and 9.62 percent in population 2 although 

selection was not exercised for oil content per se. 

2.2 GENETIC PARAMETERS : 

Success of any selection programme mainly depends on the extent of 

variability and the nature of genetic variance controlling the population under 

selection. Thus it is imperative to study the genetics of various characters. 

Here an attempt has been made to review the pertinent literature in sunflower. 



High heritability (73%) for seed set and greater environmental 

influence with low heritability (21%) for oil percent were identified by 

Habura (1958). 

Pinthus (1963) noticed significant influence of the environment on 

1000 seed weight, per cent normal seeds per head and oil content. But 

Pawlowski (1964), Schuster (1964), Miller et al (1977) and Thomson et al 

(1979) observed that oil content was heritable and was determined by 

maternal parent than by the pollen parent. 

Piquemal (1968) recorded high heritability for seed weight suggesting 

the useftilness of using this trait as selection criterion for improving seed 

yield. 

Kovacik and Skaloud (1972) reported the influence of environment was 

high on achene oil content, considerable on head diameter and low on plant 

height, number and weight of a achene per head and 1000 seed weight. 

Volf and Kasyanenko (1972) observed low heritability for all the 

characters except one character oil content of achenes had a heritability value 

of 0.436. 



Naskar et al (1982) computed selection indices using dispersion 

matrices and reported that maximum genetic gain could be achieved when all 

the seven characters under study were considered for selection and selection 

for yield component traits was more profitable than selection for yield alone. 

Sivaram (1982) recorded that head diameter, yield per plant and plot 

yield were primarily under the influence of dominant and non-allelic 

interactions. Though additive gene action was also prevalent. The 

predominance of additive gene action was noticed for 1000-seed weight. 

Sivaram (1982) reported heritability estimate was moderate for head 

diameter and 10(X) seed weight where it was low for yield per plant and plot 

yield. 

Shinde et al (1983)reported high heritability with additive genetic 

variance for plant height, head diameter, seed yield per plant and 100 seed 

weight. 

The study of Rostova et al (1984) revealed that achene yield, oil yield, 

capitulum diameter and 1000 achene weight were determined by environment 

to large extent. 



Pick (1973) estimated the broad and narrow sense heritability for oil 

content and reported to be 0.72 and 0.61, respectively. The ratio of narrow 

to broad sense heritability indicated that the additive genetic was significant 

for oil content. Similarly, Volf and Dumacheva (1973) observed highest 

heritability for oil content and 1000-seed weight. 

From the parent-off spring regression analysis, Oka and Campos (1974) 

noticed that the heritability was higher (50%) for days to flowering and plant 

height, but was low for head diameter. 

Luczkiewicz (1975) noticed that the most variable traits were the 

achene yield on selling and the number of branches per plant. The most 

stable ones were duration of vegetative period and oil content of the achene. 

In all the selfed lines, heritability was highest with respect to number of 

leaves and the number of florets in the capitulum. Leaf area and seed yield 

under self pollination were prone to environmental influence. From a diallel 

study, Zali et al (1977) recorded low heritability for oil content. 

Asawa (1977) estimated that the variability in 27 varieties of different 

origins accounted to 97 per cent of the total variance from four characters viz 

head diameter, stem circumstance at maturity, height and seed yield while 

seed weight alone accounted for 56.3 per cent. 



Singh et al (1977) observed high genetic variabiUty for seed yield, 

1000 seed weight plant height and seed filling and low for oil content. 

Expected genetic gain was highest for seed yield followed by 1000 seed 

weight, oil content and seed filling. However, Varshney and Singh (1977) 

observed high heritability for oil content alone and the exploitable genetic 

variability and genetic advance for seed yield, plant height and 1000 seed 

weight were found to be high. 

Heritability ranged from 36.15 to 91.05 percent tor various characters 

studied by Reddy and Reddy (1979), the highest values of being 91.05 per 

cent for days to maturity and 51.35 percent for stem diameter. 

According to Venkateswarulu et al (1980) percent heritability was 

higher for days to flowering (68.80) followed by plant height (67.70) seed set 

and head diameter (21.90), leaf area index (20.60) and leaf area (19.40). 

Furedi and Frank (1981) reported greater heritability (0.76) for seed 

yield per 10 plants. Shrinivasa (1982) recorded that non additive gene effects 

more for yield while additive and epistatic effects for oil content and reported 

highest genetic advance for yield per plant and for oil content the genetic 

advance was less. 



2.3 CORRELATION AND PATH ANALYSIS STUDIES : 

The literature on correlation and path effects in different populations 

derived by various selection schemes in sunflower is scanty. Hence, in order 

to derive some inferences, literature on other studies were reviewed here 

under. 

High positive correlation between seed yield, height and head diameter 

was noticed by Schuster (1964). Correlation's between the length of growing 

period, height and head diameter were also positive. 

Correlation coefficients in two high and two low oil content type 

sunflower varieties were estimated by D'jakov (1966 and 1969). It varied 

from 0.80 to 0.91 for kernel yield and oil content and 0.934 to 0.998 for 

kernel and oil yields. Hence, he suggested that oil yield could be improved 

through selection for kernel yield When correlation of individual plants 

within a variety was calculated, it was 0.8 for oil yield and kernel oil content. 

Correlation between seed yield per head and head diameter was 0.95. 

Identical result of 0.95 correlation between seed yield and head diameter was 

obtained by Bums (1970), thus concluding that yield estimation based on 

head diameter would be more accurate than actual seed weight whenever the 

yield to be recorded in a plot with severe bird damage. 



Piquema! (1968) reported that the selection for large flower heads, 

which was correlated with number of florets, would lead to better yield. He 

also reported a positive correlation between plant height and head size. 

Similarly, positive correlation between seed weight and oil content was 

observed by Ratkovick et al (1968). 

Natali and Shaikh (1970) reported that seed yield was strongly and 

positively correlated with the number of florets per head but the head 

diameter was negatively correlated with seed yield. Partial and multiple 

correlation coefficient analyses revealed a positive relationship between seed 

yield and plant height, number of flowers, growth period and 1000-seed 

weight. 

Kovacik and Skaloud (1972) found that the length of growing period, 

size of the achenes and husk percentage were negatively correlated. They 

also found that taller and late maturing plants produced large number of small 

achenes but yielded high. Pick et al (1974) noticed a positive correlation of 

seed oil content with number of days to 50 per cent flowering and plant 

height. Significant positive correlation between plant height and days to 

flowering was reported by Oka and Campos (1974) also. 
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Observations recorded by Pathak (1975) on 71 varieties of diverse 

origin revealed that tall varieties generally yielded high and seed yield per 

plant showed highly significant positive correlation with total dry matter, head 

diameter, 100-seed weight, plant height, stem diameter and husk weight, in 

that order. 

Shabana (1975) observed that the most important traits influencing seed 

yield were 1000-seed weight, seed number per head and plant height. While 

the ones influencing oil percentage were plant height, seed number per head, 

1000-seed weight and seed yield. 

Among the ten traits under study, Skoric (1975) found that seed yield 

and seed oil content had greater influence on oil yield per hectare. 

Correlation and regression analysis carried out by Ayyasamy et al 

(1977) indicated that head diameter had the most significant effect on yield. 

Chandra and Anand (1977) observed that yield was positively 

correlated both phenotypically and genotypically with plant height. 

Singh et al (1977) suggested that more emphasis to be laid on seed 

weight and head diameter while selecting for increased seed yield as they 

were positively associated. 



Significant positive correlation of seed yield with plant height, days to 

maturity, head diameter and 100-seed weight was reported by Varshney and 

Singh (1977). Path analysis revealed that plant height, head diameter and 

seed filling influenced yield directly, while days to maturity and 1000-seed 

weight had shown indirect influence through plant height. Direct effect of 

days to maturity on seed yield was negative which suggested the possibility 

of selection for earliness couples with high yield. 

Oil content was found to be positively correlated with height and 

number of embryos while negatively correlated with seed yield, head diameter 

and number of leaves per plant (Zali et al 1977) 

Lakshmanaiah (1978) recorded a significant positive association of seed 

yield with capitulum diameter (0.611), 100-seed weight (0.505), seed number 

per capitulum (0.483), stem girth (0.424), plant height (0.369), seed filling 

(0.276), seed volume weight (0.337) and oil content (0.218). Maximum direct 

effect of head diameter on seed yield and indirect effect via seed weight, 

stem girth, seed number per capitulum, plant height, seed filling and oil 

content were elucidated by path coefficient analysis. Similarly, Alba E and 

Greco (1979) observed positive correlation between capitulum diameter and 

plant height which directly influenced the yield. 



Anand and Chandra (1979) noticed that the correlations between seed 

yield and plant height, head diameter and 100-seed weight were positive. 

Whereas it was negative between oil content and pericarp thickness. 

Giriraj et al (1979) found that achene weight, plant height and head 

diameter were the characters that influenced the achene yield most directly. 

Other characters positively associated with yield were leaf number and oil 

content. Results obtained by Omran et al (1979) also revealed a positive 

correlation of seed yield per plant with head diameter and 100-seed weight. 

Velkov (1980) recorded high correlation between yield and head 

diameter, while head diameter was correlated with achene weight. Path 

coefficient analysis showed that head diameter had significant direct effect on 

achene yield, while 1000-achene weight had indirect effect on yield via head 

diameter. 

Ghanavathi and Nahavandi (1981) observed that the correlation 

coefficients between oil yield and its components - achene yield and oil 

content were significant. Capitulum diameter was significantly correlated with 

achene yield and oil yield, and early maturity was associated with short stem 

and lower oil content. 



D'jakov (1982) based on the study of six varieties concluded that 

positive correlation between yield and growth period duration, as for every 

one day's reduction in growth period, seed yield per plant dropped by one 

gram. Negative association existed between oil content and growth period. 

Shrinivasa (1982) reported that yield per plant was negatively 

correlated with 100-achene weight and oil content, while it had positive 

significant correlation with head diameter. Oil content was positively 

correlated with 100-achene weight and negatively correlated with seed yield 

per plant and hull content. 

Rao (1983) noticed that achene yield was positively correlated with 

capitulum diameter, achene oil content, 100-achene weight and total dry 

matter and negatively correlated with days to maturity and husk percentage. 

Kernel oil content showed negative direct effect on seed yield, while plant 

height and total dry matter had positive indirect effects. 

Based on the character association study, Shinde et al (1983) opined 

that the selection based on characters like yield per plant, head diameter and 

100-grain weight would be effective. 



•n. 

Caylak and Emiroglu (1984) noticed that seed yield per head was 

strongly correlated with height, stem thickness, head diameter and lOO-achene 

weight. 

Chaudhary and Anand (1985) reported strong direct effect of days to 

flowering and plant height at flowering on seed yield. 

From the analysis of data on yield and yield attributes of 20 diverse 

varieties, Dhaduk e( al (1985) recommended that for improving seed yield, 

selections could be based on capitulum diameter, 1000-filled seed weight and 

number of filled seeds per capitulum. Mishra et al (1985) and Singh et al 

(1985) reported that head diameter, per cent of filled seeds per head and 100-

seed weight were positively correlated and had direct positive effect on seed 

yield per plant. 

Sen et al (1985a) also recorded significant positive association between 

seed yield per plant and number of filled seeds per head, while association 

between seed yield per plant and oil content was negative. 

Diaz et al (1986) observed that closest positive correlation of achene 

yield per plant existed with head diameter and number of achenes per head. 

They also observed that the number of achenes per head and achene weight 

had the greatest direct effects on seed yield. 



Significant association of seed yield with stem diameter, dry matter 

content, head diameter and number of seeds per capitulum was reported by 

Sheriff et al (1986 and 1987). The Correlation and path analysis study 

emphasized the importance of stem girth, head diameter and number of seeds 

per capitulum in increasing the seed yield. 

Path coefficient study by Sivaram (1986) indicated that the seed yield 

per plant had the strongest direct effect on yield per plot followed by percent 

achene set. Head diameter and lOOO-achene weight had negative direct etTects 

on yield per plot. 

Vannozzi et al (1986) recorded a close correlation between achene 

yield and oil yield. Further, plant height and head diameter had direct positive 

effects on oil yield. The days to maturity had direct positive effect on oil 

content and oil yield. 

Highly significant phenotypic correlation of oil yield per plant with 

seed yield per plant, 100 seed wei^t, and plant height was noticed by Abdel 

et al (1987). They also noticed highly significant correlation of seed yield 

with number of seeds per capitulum. 



Significant correlation between seed yield and head diameter, stem 

diameter, 100-seed weight, number of leaves per plant and plant height 

observed by Vanisree et al (1988). 

Niranjanamurthy and Shambulingappa (1989) observed that the seed 

yield could be improved by increasing the stem circumference, capitulum 

diameter, seed filling percentage and lOO-seed weight. 

In a study of the interrelation of eight yields related characters and 

their effect on achene yield and oil content, Visic (1989 and 1991) noticed 

a close correlation between achene yield and 1000-achene weight. 

Pathak and Dixit (1990) found that seed yield per plant was 

significantly and positively correlated with stem girth and lOO-seed weight. 

Head diameter followed by days to maturity and lOO-seed weight exerted 

maximum direct effect on seed yield, while plant height and stem girth had 

indirect effects through other characters. 

Singh and Labana (1990) noticed that seed yield was positively 

correlated with days to maturity, plant height, head diameter, grain filling 

percentage and 1000-grain weight. 



A positive correlation between yield and yield components such as 

plant height, head diameter and 100-seed weight was observed by Khan and 

Islam (1991). 

Tariq et al (1992) reported significant negative association between 

seed yield and 100-seed weight and days to maturity. 

From a line x tester analysis, Chaudhary and Anand (1993) inferred 

that seed yield was significantly and positively correlated with number of 

leaves per plant, plant height, head diameter and 1000-achene weight in both 

F| and Fj progenies. Oil content had a positive significant association with 

seed yield in Fj only. 

Correlation studies by Mogali (1993) implied that seed yield per plant 

had highly significant positive correlation with number of filled seeds per 

plant, seed filling percentage and head diameter. Oil yield per plant was 

positively correlated with seed yield per plant and number of filled seeds per 

head. Path coefficient analysis indicated that plant height, stem diameter, 

head diameter, days to 50 per cent flowering, number of leaves per plant, lest 

weight, number of filled seeds per head and seed filling percentage had 

maximum direct effect on oil yield per plant. Patil (1993) observed that seed 

yield exhibited highest positive association with number of seeds per plant 

followed by plant height. 



Gangappa and Virupakshappa (1994) reported that seed yield was 

positively and significantly associated with all the characters studied except 

days to 50% flowering. Path co-efficient analysis revealed that total dry 

weight of the head had direct effect on seed yield followed by stem weight 

per plant, plant height and stem diameter. 

2.4 STABILITY 

The information on genotype x environmental interaction is presented 

below. 

Pathak and Dixit (1984) evaluated five popular varieties of sunflower 

over five seasons under semi arid conditions of Rajasthan and they observed 

that significant differences due to genotype and environments. Genotype x 

environment interaction variance significant that denotes differential 

performance of the genotypes in varied environments. The genotype, PX-

68415 exhibited specific adoption for both favourable environments and seed 

yield. 

The five genotypes of sunflower when studied for their stability over 

10 different environments observed significant differences among the 

genotypes for grain and oil yield. It was observed by Rangaswamy et al 

(1984) and also found that all the genotypes were stable for grain and oil 

yield. 



Sen et al (1985b) found that seven sunflower varieties when tested for 

stability over five seasons were not only significant among themselves but 

also significant for seed yield. 

Shinde et al (1992) tested 15 sunflower genotypes across the seasons 

{Kharif, rati and summer) and concluded that all 10 characters were 

significant for environmental eftects and genotype x environment interaction. 

But Madrap et al (1994) found that the hybrids performed well during rahi 

and summer seasons than kharif. 

Kandalkar (1997) observed significant mean square differences due to 

genotypes and genotype x environment interaction for seed yield and 

regression co-efficient indicate Latur 9917, Surya to be the most suitable 

genotypes for favourable environment. These results were observed when they 

evaluated 15 open pollinated varieties of sunflower genotypes at four dates 

of sowing under two locations. Late maturing genotypes expressed average 

response and stability under different sowing dates having higher yield 

performance. 

October sown crop gave the lowest yields where as February sown 

crop gave higher yields. This was observed by Sharma et al (1997) when 

nine genotypes of sunflower evaluated under six sowing dates for eight yield 

components. Cultivar 14 was observed as most stable one for seed yield, test 

weight and head diameter. 



Chapter - III 

Materials and Methods 
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CHAPTER - HI 

MATERIALS AND METHODS 

The present investigation was carried out from Kharif 1997 to Rabi 

1999 at the Regional Agricultural Research Station, Nandyal, Andhra Pradesh 

situated at an altitude of 211 metres above mean sea level and with a latitude 

of 15,29°N. The soils are deep black cotton soils with pH of 8.0. 

3.1 MATERIALS 

The experimental material for the study was an open pollinated variety 

of sunflower, Morden which was one of the introductions into India from erst 

while USSR. Morden is a short duration variety (75-80 days) suitable as a 

catch crop in paddy fallows, as double cropping in rainfed areas, in multiple 

cropping in assured irrigation areas, as a contingent crop for delayed sowing 

and as a mixed crop in several crops. Besides, as this cultivar possess 

enormous amount of variability for seed yield, oil content and other 

qualitative characters, it was considered as an ideal population to apply 

different selection schemes of population improvement programmes. 

3.2 METHODS 

Five selection schemes viz., mass selection (MS), bulk sib (BS), half 

sib (HS), llill sib (FS) and selfed progeny selection (S) were imposed on an 



open pollinated variety of Morden to evaluate their relative efficiency in 

improving yield and yield attributes. 

The outline procedure of various selection schemes are presented in 

Table 1. 

3.3 FIELD PLOT TECHNIQUE DURING Kharif, 1997 

During Kharif 1997, the open pollinated base population of Morden 

was sown in isolation at Regional Agricultural Research Station, Nandyal, 

Andhra Pradesh in an area of 1800 square metres. Nearly 10,000 plants were 

raised by adopting a spacing of 60 cm between rows and 30 cm between 

plants with in a row. Out of the recommended dose of fertilizers 

(60: 60: 30 kg / N. P. K / ha), 50 per cent of nitrogen and entire dose ol 

phosphorous and potassium were applied as basal dress and the remaining 50 

per cent of nitrogen as top dress after 30 days of sowing. Within 15 days of 

sowing excess seedlings were removed retaining only one healthy seedling per 

hill. Inter cultural and other recommended package of practices for sunflower 

were followed to raise a good crop. 

Before flowering, the experimental plot was divided into 20 grids of 

equal size (about 500 plants in a grid), four grids were randomly allotted to 

each of the five selection methods. 
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From the grids eannarked for mass selection, 500 phenolypicalh, 

superior plants were selected at the time of maturity from the base 

population. From each of the selected plants, observations on eiglit 

quantitative traits were recorded. These eight quantitative traits were indicaicd 

in the dissertation elsewhere. Based on seed yield and oil yield / plant, KK) 

top ranking plants were tlnally selected. Equal quantities of seed from cacli 

of the selected plants were bulked to form ihe seed materia! to raise i; <is 

MS I in the next season. 

3.3.2 Bulk sih selection 

I 
This method is akhi to mass selection but with pollen control. .Iiisi 

before tlowering, 500 phenotypically superior plants were individually baggccl 

with cloth bags. During tlowering, pollen was collected in a pelriplau; from 

the cloth - bagged plants. Collected pollen was mixed and applied to all tiic 

individually bagged plants. Alter pollination the ear heads were covered again 

with the cloth bags to prevent out crossing. This procedure was repealed 

every alternate day till the completion of tlowering. At the time of luuvcst, 

observations on eight quantitative trails were recorded. Finally based on seed 

yield and oil yield, 100 top ranking plants were selected. Fqual quanlilies of 

seed from selected plants were bulked to raise as BS, in the next seasor;. 



3.3.3 Half sth sahetion 

500 phenolypically superior open pollinated plants were selected iioni 

the grids allotted to this selection scheme and labeled. At the time of harvest, 

the data on all these selected plants were recorded. Finally based on see^ 

yield and oil yield, 115 top ranking plants were selected. The seed of these 

plants maintained separately to raise in half sib progeny testing trial (HS,) in 

the next season. 

3.3.4 Full sib selection 

Before flowering all the plants in the designated grids were bagged 

duly eliminating inferior and weak plants. The plants, which were in 

proximity, were labeled as a pair. Before flowering 500 such pairs of planis 

were identified, labeled and bagged. In a given pair of plants, one plant is 

designated as female and other as male. Similar procedure was followed in 

all 500 pairs. At the time of flowering, pollen is collected from the 

designated male parent and dusted on to its corresponding female parent. This 

has been carried out till the completion of tlowering. Similar procedure was 

followed in the rest of the pairs selected for crossing. Every care has been 

taken to bag the plants immediately after crossing in all pairs of plants 

selected. 
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Ai ihc lime of maturity, observations on yield and yield aiu-ibuies were 

recorded on 400 selected pkints and harvested sepiirateiy. Based on laborator}' 

analysis for seed yield and oil yield, 123 top ranking superior plants were 

identified. The seed of 123 plants separately preserved for sowing as full sih 

families (FS,) in the next season. 

3.3,5 Selfed progeny 

In the designated grids, 500 plants were bagged before llowering dul> 

eliminating inferior and weak plants. At the time of maturity, data on eight 

quantitative characters were recorded on each plant. Based on seed yield ax.d 

oil yield, top ranking 66 plants were selected and the seeds of these plains 

separated individually to raise as S, generation in the next season 

3.4 FIELD PLOT TECHNIQUE DURING Rabi 1997 

The selected bulks of mass and bulk sib selections made during Kharif 

1997 were advanced to raise as MS, and BS, populations during rabi 1997. 

Recommended cultural practices were followed to maintain good plant stand 

and healthy crop. Similar procedure as described in the previous season 

followed to maintain good plant stand and healthy crop. The procedure as 

described in the previous season was followed in mass and bulk sib material 

in MS, and BS, generation. The seed oi' these generations harvested 

separately and designated as MS2 and BS2 for sowing in the next season. 



Sixty six S, progenies were grown in a randomized block design with 

two replications. Recommended cultural practices were followed to maintain 

good stand and healthy crop. Prior to flowering, five plants in each progeny 

line were bagged to enforce selfing and remaining plants in each progeny line 

were left for recording data. At maturity, the data was recorded on each of 

the left over plants in each of the progeny line. Based on yield data, superior 

progenies were identified and seeds of corresponding saelfed plants were 

bulked to raise it as Sj bulk progeny in the next season. 

After retaining 50 per cent of the seed as remnant, selected 115 HS, 

and 123 FS, progenies were planted in separate trials in randomized block 

design with two replications. Each progeny was represented by a row of 15 

plants. Recommended cultural practices were followed. In these two 

experiments, in each of progeny line, observations were recorded on five 

randomly selected plants. Based on seed yield and oil yield, top five per cent 

of progeny lines were identified. Based on this data, the corresponding 

remnant seeds of the lines were taken and mixed to raise as HS, and FS, 

generations. 

Due to continuous rains and delay in the season, Kharif 1998 sowings 

could not be taken up. 
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3.5 FIELD PLOT TECHNIQUE DURING Rabi, 1998 

The HS, generation was raised in isolation duly followed by 

recommended cultural practices to maintain good plant stand and healthy 

crop. The entire population was left for random pollination and at maturity 

the entire population was harvested as bulk and preserved to raise it as HST 

in the next season. 

Similarly FS, were raised in isolation and plants were bagged and 

crossed interse. At maturity equal quantity of seed from each cross was taken 

and mixed to raise as FSj in the next season. 

3.6 FIELD PLOT TECHNIQUE DURING Summer 1999 AND 1999 

Kharif AND Rati 

The populations of MSj, BSj, HSj, FSj, Sj and open pollinated variety 

Morden were raised during 1998-99 summer, 1999 kharif and 1999 rabi in 

a randomized block design with four replications with a spacing 60 cm 

between rows and .30 cm plant to plant with in a row. Each population in a 

replication was sown in ten rows each with a 3 metres row length. 

Recommended fertilizer application and cultural operations were followed to 

raise a good crop. The data was recorded in twenty plants on eight 

quantitative traits. 



3.7 COLLECTION OF DATA 

The following observations were recorded from all the generation 

populations derived by applying various selections schemes. 

3.7.1 Plant height (cm) 

The height of the plant was measured in cm from the base of the stem 

at ground level to the point of attachment of the capitulum of the stem and 

expressed in cm. 

3.7.2 Head diameter (cm) 

Head diameter was measured in cm at the maximum width of the 

capitulum and expressed in cm. 

3.7.3 Stem thickness (cm) 

Stem thickness was measured in cm at the basal node using vernier 

callipers and expressed in cm. 

3.7.4 Days to maturity 

This was measured as the number of days taken from sowing to 

physiological maturity as evidenced by the change in the Thalamus colour 

from green to lemon yellow. 



3.7.5 Seed yield / plant (g) 

Filled seeds from individual plants after threshing were dried 

thoroughly and the weight was recorded in grams. 

3.7.6 100-Seed weight (g) 

One hundred well filled seeds from each plant were randomly taken 

and the weight was recorded in grams. 

3.7.7 Oil per cent 

About 5 g seeds from individual heads were taken to determine the oil 

content by using Nuclear Magnetic Resonance (NMR) spectrometer installed 

at National Seed Project, Rajendranagar, ANGRAU, Hyderabad, A.P. Ihe 

instrument directly gives the per cent of oil in the seeds. 

3.7.9 Oil yield / plant (g) 

This was calculated by multiplying the seed yield with oil per cent of 

the seeds in individual plant. 

Oil yield / plant (g) = Seed yield / plant X Oil percent 



3.8. STATISTICAL ANALYSIS 

1. nic data obtained from MSy, BS ,̂, HSo, FS^, S;,, MS,, BS,, HS,, IS,. 

S, and MSj, BSj, HS^, FS, and Sj in dilTcrcnt seasons were used lo 

estimate range, mean, variance and co-eftlcient of variation. 

2. The data obtained on HS,, FS, and S, progeny lines was utilized to 

estimate various genetics paramet^s like heritability, genetic advance, 

phcnotypic coefficient of variation and genotypic coefficient of 

variation. 

3. Simple correlation coefficients and path coefficients were worked OM 

on all populations of various generations and also in differcni seasons. 

4. Analysis of variance was worked out on second generaiious 

populations of all selection schemes in different seasons to t̂ si the 

significance and also to work out various genetic parameters. 

3.8.1 Statistical parameters 

3.8.1.1 Mean : Mean is defined as the sum of all observation^- in a 

sample divided by their number. It is denoted by X and calculated as follows 

X - (Sx) - N 

Where X = Mean 

2 = Summaion 

X = An observation 

N = Number of observations in a sample 
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3.8.1.2 Range : Range is the difference between the lowest and highest 

values present in the observations in a sample. It is measure of spread of 

variation in a sample. It is commonly used as a measure of variability in 

plant breeding populations. 

3.8.1.3 Variance : Variance is defined as the average of the squared 

deviations or individual observations from the mean or it is square of standard 

deviation. It is expressed as the sum of squares of the deviations of all the 

observations of a sample from its mean and divided by degrees of freedom 

(N-1). It is an effective measure ol" variability, which permits partition of 

variation into various components. It is estimated by the following formula. 

Variance S Z 
2 (SX)^ 

N 

^NGRAUCemra/Librao. 
AT 1 Hyderabad 

Where S, X, X^ and N =̂  summation, an observation, square of an 

observation and number of observations, respectively. 

Phenotypic variance and Genotypic variance : These two were computed as 

per the formulae suggested by Burton and Devane (1953). 

Phenotypic variance o = Genotypic variance + Error variance 

Genotypic variance o = 

Mean sum of squares due to treatment — Mean sum of squares due to error 

Number of replications 



3.8.1.4 Coefficient of variation : The standard deviation is an absolute 

measure of variation and is expressed in terms of the unit of the variable. For 

purpose of comparative studies a relative measure of dispersion or variation 

is required. Coefficient of variation serves this purpose as it does not have 

any unit. The ratio of standard deviation of a sample to its mean expressed 

in percentage is called coefficient of variation. Thus, 

Coefficient of variation (CV) = —— X 100 
X 

Where 

SD = Standard deviation 

X = Mean of that character 

The phenotypic o and genotypic (o ) variances were utilized for 

calculation of phenotypic coetTicient of variations (PCV) and genotypic 

coefficient of variation (GCV) as per Burton (1952). 

Phenotypic coefficient of variation (PCV%) = 

Genotypic coefficient of variation (GCV%) 

a = Phenotypic standard deviation 

a = Genotypic standard deviation 

X = General mean of the character 

o 
p 

X 

o 
g 

X 

X 

X 

100 

100 



3.8.1.5 Heritability (broad sense) : Heritability in broad sense was 

calculated as per Hanson (1963). 

Heritability (broad sense) /î ^̂  = —^ X 100 
2 

2 •̂  
•(ft) 

""p 

Where 

o = Phenotypic variance 

o = Genotypic variance 

The heritability classification as high, moderate and low was followed 

as proposed by Robinson et al., (1949). 

Low - 0-30% 

Moderate - 30-60% 

High = Above 60% 

3.8.1.6 Expected Genetic Advance : This can be calculated as per the 

formula proposed by AUard (1960). 

GA = (K) • Op • H 

Where, 

GA = Expected genetic advance under selection 

K = Selection ditTerential in standard units which is 

2.06 at 5% selection intensity 



o = Phenotypic standard deviation 

H = Heritability coefficient 

Expected genetic advance as per cent of mean calculated as follows 

GA GA as per cent of mean = — -̂ X 100 

Where, GA = expected genetic advance under selection 

X = General mean of the character 

Genetic advance as per cent of mean was categorized as low, medium 

and high as suggested by Johnson et al. (1955b). 

Low 0-10% 

Medium 10-20% 

High 20% and above 

3.8.1,7 Simple correlations : Correlation refers to the degree and 

directions of association between two or more than two variables. It however, 

does not measure the dependence of one variable over the other. It is 

represented by r and is estimated as follows. 

Cov jXY) 
xy 

^VarX • VarY 
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Where, 

r̂  ^ correlation coefficients between x and y 

Cov. (xy) = covariance of characters x and y 

Var x = Variance of character x 

Var y = Variance of character y 

The significance of correlation was tested by comparing the observed 

values of correlation coefficients with table values of correlation coefficients 

given by Fisher and Yates (1963) for n-2 degrees of freedom at 5 per cent 

and 1 per cent levels of probability. 

3.8.1.8 Path coefficient analysis : With a view to partition the 

correlation coefficients between dependent and independent variables into 

direct and indirect effects and to assess the relative importance of each causal 

factor effecting seed yield and oil yield in different generations of the 

populations derived by various selection schemes, path coefficient analysis 

was carried out by the procedure originally proposed by Wright (1934) and 

subsequently elaborated by Dewey, and Lu (1959). 

Rly = Ply + rl2P2y + rl3P3y .... rlkpky 

Where 

Rly - Simple correlation coefficient between x, and y 

the dependent character 
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Ply = Direct effect of x, on y the dependent character 

R12P2y = Indirect coefficient between x, on y through Xj 

rl2 = Correlation coefficient between x, and Xj 

rlk pky = Indirect effect of x, on y through k variables. 

In the same way equations for r2y, r3y, upto rl ly were written and 

path coefficients viz, direct and indirect effects were calculated by solving 

the simultaneous equations. Besides the direct and indirect effects, the 

residual effect was computed by using the formula. 

PRy = 1 - (Ply rly + P2y r2y + P3y r3y ...f 

Where 

PRy = Residual effect 

ply = Direct effect of XI on Y 

rly = Correlation coefficient of x and y 

The following scales as suggested by Lenk and Mishra (1973) were 

followed for categorization of direct and indirect effects. 

Values of direct and indirect effects 

0.00 to 0.09 

0.10 to 0.19 

0.20 to 0.29 

0,30 to 0.99 

More than one 

Rate of Scale 

Negligible 

Low 

Moderate 

High 

Very high 
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3.8.1.9 Analysis of variance : Diflbrences between the populations for 

various traits were tested for significance by using analysis of variance 

technique proposed by Panse and Sukhatme (1957). 

Yij M + gi + rj + eij 

Where, 

Yij = Phenotypic observation of î*̂  populations in j^*" replication 

M = General mean 

gi = Effect of i"̂  population 

rj = Effect of j " ' replication 

eij = Random error associated with ith genotype and j ' ^ replication 

The analysis of variance for each character was carried out as 

indicated. 

Source 

Replications 

Populations (genotypes) 

Error 

Total 

d.f 

(r-1) 

g-1 

(r-l)(g-l) 

(rg-1) 

M.S 

Mr 

Mg 

Me 

F-ratio 

Mr / Me 

Mg / Me 

Where 

r = number of replications 

g = number of genotypes (populations) 

Mr, Mg and Me are the mean squares due to replication, genotype and 

error, respectively. 



The F ratio was compared with table value at corresponding degrees 

of freedom to test the significance. 

3.9 GENOTYPE X ENVIRONMENTAL INTERACTION STUDIES 

The Kharif 1999 seed material of MSj, BSj, HS2, FSj, Sj were used 

to study genotype x environmental interaction along with Morden and 

MSFH-17 in different locations and also in different dates of sowings as 

detailed below. 

Experiment - I 

The Kharif \999 seed material of MSj, BSj, HSj, FSj, 83 and checks 

Morden and MSFH-17 were raised in a randomized block design with five 

replications at five locations i.e. Nandyal and Sirivella (Kumool District), 

Badvel (Cuddapah district), Penukonda and Mundla Mothukapalli (Anantapur 

district) during November 1999. The data was recorded at all locations in all 

the treatments at maturity and subjected for analysis. 

Experiment - II 

The Kharif \999 seed material of the populations MSj, 883, HSj, FSj, 

Sj and checks Morden and MSFH-17 were raised in a randomized block 

design in five replications in five dates of sowings with 15 days interval at 

November 15, December I and 16th, 2nd January and 16th January at 



Regional Agricultural Research Station, Nandyal, Andhra Pradesh. The 

package of practices were similar as that applied to previous experiments. The 

data was recorded on eight quantitative characters from all the treatments 

from different dates of sowings. 

3.9.1 Stability analysis studies 

The data obtained on eight quantitative traits from 5 populations and 

two checks over five locations in one experiment and five different dates of 

sowings in another experiment were subjected to as per the model suggested 

by Eberhart and Russell (1966). 

3.9.1.1 Stability parameters : Fhe linear regression model suggested by 

Eberhart and Russell is presented below 

Yij = u + bilj + Sij 

Where 

Yij = Mean of ith genotype in jth environment 

\i = Mean of all genotypes over all environments. 

bi = Regression coefficient of ith genotype on the 
environmental index which measures the response of this 
genotype to varying environments. 

Ij = The environmental index which is defined as the 
deviation of the mean of all the entries at a given 
environment from the overall mean. 

S y// S S Yij 

rj - -̂  '-^ with 
g ge 
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S IJ = 0 and 6ij ^ deviation from regression of the i' genotype at j ;lh 

environment. 

Based on this model, the mean (n), the regression coeffieient (hi) and 

the mean square deviation from linear regression line {s^di) are the stability 

parameters as proposed by Eberhart and Russell (1966) in their model. These 

parameters were estimated as follows. 

H, (Mean) SYij / n 

bi (Regression coefficient) Sr// Ij / S / / 

s^dj (Deviation from linear regression) 

' 2 • • 

T.S^ij / el — LS'̂ e / r 

Where, 2-
sr^// - YU / g 

;.-.2 
(HYiJ ' ijY / (S/^y) 

J J 

Where, 

SSnj 

S7^/y 
(S Yij 

e 

y'i / g 
ijf / (S/2/) 

Variance due to deviation from 
regression for a genotype. 
Variance due to independent variable 
Variance due to regression 
Estimate of pooled error 
Number of environments 
Number of genotypes (populations) 
Number of replications 
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S I.I = 0 and 5ij =- deviation from regression of the i"" genotype at j :th 

environment. 

Based on this model, the mean (ji), the regression coeftkient (bi) and 

the mean square deviation from linear regression line {s^di) are the stability 

parameters as proposed by Eberhart and Russell (1966) in their model. Ihese 

parameters were estimated as follows, 

î, (Mean) =̂  SYij / n 

bi (Regression coefficient) SF// /; / s r 

.V di (Deviation from linear regression) 

Where, 

J 

el — 

ij ~ 

[S'e / r\ 

- y'i / g — (sr//- . ijY / (s/^;) 

Where, 

SS^ij 

llYhj Yh / g 
(ILYij ijf / (^I'J) 
s h J 
e 
g 
r 

Variance due to deviation from 
regression for a genotype. 
Variance due to independent variable 
Variance due to regression 
Estimate of pooled error 
Number of environments 
Number of genotypes (populations) 
Number of replications 
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Pooled analysis of variance (Eberliart and Russell, 1966) 

Source 

Total 

Genotypes 

Env + 
(genotype x 
envi) 

Env 
(linear) 

Genotype x 
Env. (linear) 

Pooled 
deviation 

Deviation 
due to 
genotype i 

Pooled error 

d.f. 

(ge-D 

g-1 

g ( e - l ) 

1 

g-1 

g (e-2) 

(e-2) 

eg ( r - i ) 

S.S 

'S.iZjYhj CF 

S/S>r^/ CF 

i (SyT/ I'j) / Hjl'j 
g 

Sy1(SyT/ I'j) / T.jl'j)\ 

i:.iT,jsHj 

(HjYj Ijf / T.jl'j = 

MS 

M, 

MS2 

MS3 

M4 

F.cal 

M, / MS3 

MS2 / MS, 

MS3 / M4 

g = genotype e = environment r = replication 

3.9.1.2 Tests of significance : The following tests of significance were 

carried out. 

1. To test the significance of difference among genotypes means namely 

H„ 

Mean square due to genotypes 

Mean square due to pooled deviation 

MS, 

MS3 



2. To test that the genotypes did not differ for their regression on the 

environmental index i.e. 

H,) = b| = bj = b̂  = bn 

F = Mean square due to genotypes x environment (linear) MS2 

Mean square due to pooled deviation MS3 

3. Any regression coefficient does not differ from unity was tested by the 

appropriate 't' test 

SEibi) 

Significant was tested at 1% and 5% levels for (e'"̂ ) degrees of 

freedom 

4. Individual deviation from linear regression was tested as follows. 

F = (IlS^ij / e 2) / pooled error 

F value for (e-2), pooled error degrees of freedom at 1% and 5% 

levels. 

3.9.1.3 Stable genotype : As a genotype with unit regression coefficient 

bi = 1 and the deviafion not significantly differing from zero (S^di = 0) is 

said to be stable genotype. 

3.9.1.4 Ranking of genotypes based on different stability parameters 

3.9.1.4.1 Mean : The genotype with greater mean performance was 

ranked first and least as last. 
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3.9.1.4.2 Regression coefficient (bi values of Eberhart and Russell 

(1966) : The deviation of bi values from unity (b == 1) was ranked such that 

least deviation was ranked first and larger deviation was ranked last. 

3.9.1.4.3 Deviation from regression (S^^ values of Eberhart and Russell 

(1966) : The genotype was least S d̂i (greater stability) was ranked as first 

whereas the genotype with maximum S d̂i (least stability) was ranked last. 



Chapter - IV 

Results 
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CHAPTER - IV 

RESULTS 

The data collected on eight quantitative traits viz., plant height (cm), 

stem thickness (cm), head diameter (cm), days to maturity, 100 seed weight 

(g), oil percent, oil yield and seed yield / plant (g) in different generations of 

mass selection, bulk sib selection, half sib selection, liill sib selection and 

selfed progeny schemes were utilized to calculate mean, range, variance and 

coefficient of variation. The data obtained on the progeny trials of half sib 

selection (HS,), fiill sib selection (FS,) and S, selection were utilized to test 

the significance of the progenies selected for yield and yield attributes and 

also to calculate genetic parameters viz., genotypic coefficient of variation, 

phenotypic coefficient of variation, heritability (broad sense) and genetic 

advance as percent of mean. 

The data on yield trails of the populations derived from the various 

selection schemes in second generation in different seasons were subjected to 

analysis of variance, to test the significance and also to calculate variability 

parameters. The seed material obtained from second generation populations 

of various selection schemes were subjected to genotype x environmental 

interaction. Finally the data of all generations of various selection schemes 

were utilized to compute correlation coefficients and path coefficients to study 
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the association of yield and yield attributes in various generations of selection 

schemes. The results of the present investigation are presented under the 

following heads. 

1. Mean, range, variance and coefficient of variation in the base, first 

generation and second generation populations in different seasons. 

2. Analysis of variance and estimation of genetic parameters in HS,, FS, 

and S, populations. 

3. Analysis of variance and estimation of genetic parameters in second 

generation populations / seasons. 

4. Character association of yield and yield attributes in different 

generations / seasons. 

5. Direct and indirect effects of yield attributes on yield in different 

generations / seasons. 

6. Genotype x Environmental interactions. 

4.1 MEAN, RANGE, VARIANCE AND COEFFICIENT OF 

VARIATION FOR EIGHT QUANTITATIVE CHARACTERS IN 

THE BASE POPULATIONS ALLOTTED TO DIFFERENT 

SELECTION SCHEMES 

The mean, range, variance and coefficient of variation for eight 

quantitative characters in the base population allotted to different selection 

schemes are presented in Table Numbers 2 to 9. 



4.1.1 Plant height (cm) 

The plants in the base populations earmarked for different selection 

schemes for plant height ranged from 66.3-139.3 (M,,), 69.3-127.6 (BS(,), 

77.6-134.7 (HSo), 69.6-117.5 (FS,,) and 63.8-109.6 (SQ). The mean plant 

heights in the ascending order were 80.1 (S,,), 84.1 (FSQ), 90.2 (BS„), 93.5 

(MS,)) and 95.2 (HSp). The maximum variance was recorded in the base 

population of HS^ (219.04) followed by Ŝ  (193.21) and FS,, (174.24) and the 

least by MS^ (36.00). Where as maximum coefficient of variation was 

recorded in the base population allotted to S,, (17.4) followed by FS,, (15.7), 

HS,) (15.5) and the lowest by MS,, (6.42) (Table 2). 

4.1.2 Head diameter (cm) 

The plants in the base population allotted for different selection 

schemes had wide range of variation for head diameter from 9.23-25.83. The 

base population allotted to SQ scheme had wide range for head diameter 

(9.23-21.64) followed by the population allotted to BS^ (13.92-25.80) and 

HSQ (14.32-25.83). The lowest range was observed in the base population 

allotted to MSQ scheme (9.34-18.54). The mean of base population allotted 

to BSQ, HSQ and FS,, recorded almost similar mean for head diameter 17.78, 

17.72 and 17.43 respectively. Where as base population allotted to MS,, and 

SQ recorded comparatively lower mean values when compared to other. The 

variance values of the base populations of SQ (10.82), MSQ (9.79) and HSQ 
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Table 2 : Mean, range, variance and coefficient of variation for plant 
height (cm) in the base population allotted for different 
selection schemes during Kharif, 1997 

S.No. 

1 

2 

3 

4 

5 

Populations 

MSo 

BSo 

HSo 

FSo 

So 

Mean 

93.51 

90.2 

95.2 

84.1 

80.1 

Range 

66.3-139.3 

69.3-127.6 

77.6-134.7 

69.6-117.5 

63.8-109.6 

Variance 

36.00 

136.99 

219.04 

174.24 

193.21 

C.V 

6.42 

12.9 

15.5 

15.7 

17.4 

Table 3 : Mean, range, variance and coefficient of variation for head 
diameter (cm) in the base population allotted for different 
selection schemes during Kharif^ 1997 

S.No. 

1 

2 

3 

4 

5 

Populations 

MSo 

BSo 

HSo 

FSo 

So 

Mean 

13.32 

17.78 

17.72 

17.43 

14.26 

Range 

9.34-18.54 

13.92-25.80 

14.32-25.83 

11.84-21.63 

9.23-21.64 

Variance 

9.79 

7.89 

8.58 

2.66 

10.82 

C.V 

23.49 

15.80 

16.47 

9.35 

23.07 

Note: Abbreviation's expansions given in the list of symbols and 
abbreviations used 
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(8.58) were comparatively higher than the variances recorded in FSQ (2.66) 

and BS,) (7.89). Similar trends were observed with regard to coefficient of 

variation where is SQ base population recorded 23.07 followed by MS(, with 

23.49. (Table 3) 

4.1.3 Stem thickness (cm) : 

Maximum range of stem thicioiess was observed in the base population 

allotted to S„ (1.04-4.23) followed by BS^ population (2.73-5.21). The lowest 

range was observed in the base population allotted for MSQ (1.82-3.73). The 

base populations allotted for BSQ and HS^ and FSQ have recorded 

comparatively similar mean values for stem thickness. Ŝ  population recorded 

lowest mean value of 1.96. The variances of base populations of MS(), BS,, 

and HSQ recorded almost similar values. Where as the coefficient of variation 

was maximum in S(, population (27.06) followed by MSQ base population 

(21.80). (Table 4) 

4.1.4 Days to maturity 

Maximum range for days to maturity was observed in the base 

population of Ŝ  (78-87). In the rest of the base populations range was 

narrow. Where as the same SQ population recorded less number of days to 

maturity 82.69 and maximum number of days to maturity was observed in the 

base population of MSQ (87.52). With regard to variance and coefficient of 
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Table 4 : Mean, range, variance and coefficient of variation for stem 
thickness (cm) in the base population allotted for different 
selection schemes during Kharif, 1997 

S.No. 

I 

2 

3 

4 

5 

Populations 

MSo 

BSo 

HSo 

FSo 

So 

Mean 

2.66 

3.54 

3.55 

3.24 

1.96 

Range 

1.82-3.73 

2.73-5.21 

2.24-4.53 

2.54-4.23 

1.04-4.23 

Variance 

0.34 

0.30 

0.32 

0.20 

0.28 

c.v 
21.80 

15.53 

16.06 

13.86 

27.06 

Table 5 : Mean, range variance and coefBcient of variation for days to 
maturity in the base population allotted for different selection 
schemes during Kharif, 1997 

S.No. 

1 

2 

3 

4 

5 

Populations 

MSo 

BSo 

HSo 

FSo 

So 

Mean 

87.52 

85.91 

85.81 

85.21 

82.69 

Range 

86-89 

84-88 

82-87 

84-87 

78-87 

Variance 

0.50 

2.28 

1.27 

47.74 

4.04 

C.V 

0.81 

1.71 

1.32 

8.10 

2.43 

Note: Abbreviation's expansions given in the list of symbols and 
abbreviations used 
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variation, the base population allotted for FSQ recorded maximum values 

47.24 and 8.10, respectively. The lowest values of variance and coefficient 

of variation was observed in the base population allotted for S„. (Table 5) 

4.1.5 100 Seed weight (g) 

The range of values for 100 seed weight was maximum in the base 

populations allotted for BS,, (3.62-8.13) followed by SQ (4.32-8.13) and FS^ 

(3.93-7.73). The lowest range was observed in the base population of MS,, 

(4.06-7.23). The mean values for 100-seed weight ranged from 3.55 (HS,,) to 

6.17 (SQ). Maximum variance and coefficient of variation was recorded in the 

base population allotted for BS,, with a variance of 1.53 and coefficient of 

variation 24.60. (Table 6) 

4.1.6 Seed yield / plant (g) 

The maximum range of 16.13-36.72 for seed yield was recorded in the 

base population allotted for HSQ and in the different base populations allotted 

for different selection schemes, the differences were comparatively low. The 

HSQ base population has recorded maximum mean seed yield of 24.08 

followed by BSQ population with mean seed yield of 22.38. While the rest of 

the populations were recorded almost similar mean seed yield. The base 

population of BSg recorded maximum variance (39.94) and coefficient of 

variation (28.23) followed by HSQ population with a variance of 27.56 and 
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Table 6 : Mean, range, variance and coefficient of variation for 100 
seed weight (g) in the base population allotted for different 
selection schemes during Kharif, 1997 

S.No. 

1 

2 

3 

4 

5 

Populations 

MSo 

BSo 

HSo 

FSo 

So 

Mean 

6.11 

5.04 

3.55 

5.11 

6.17 

Range 

4.06-7.23 

3.62-8.13 

2.63-6.12 

3.93-7.73 

4.32-8.13 

Variance 

0.46 

1.53 

0.36 

0.81 

1.28 

C.V 

11.13 

24.60 

16.90 

17.61 

18.37 

Table 7 : Mean, range, variance and coefficient of variation for seed 
yield / plant (g) in the base population allotted for different 
selection schemes during Kharif, 1997 

S.No. 

1 

2 

3 

4 

5 

Populations 

MSo 

BSo 

HSo 

FSo 

So 

Mean 

18.49 

22.38 

24.08 

19.08 

18.41 

Range 

15.44-29.23 

17.83-32.72 

16.13-36.72 

13.93-26.72 

15.24-25.83 

Variance 

8.91 

39.94 

27.56 

16.16 

13.39 

C.V 

15.68 

28.23 

21.80 

21.06 

19.88 

Note: Abbreviation's expansions given in the list of symbols and 
abbreviations used 



coefficient of variation 21.80. Where as in MS,, population low values of 

variance 8.91 and coefficient of variation 15.68 was recorded. (Table 7) 

4.1.7 Oil per cent 

The base population allotted for BS^ showed maximum range of 27.63-

40.21 oil per cent. Where as in the rest of base populations allotted for 

different selection schemes the differences were narrow. The mean oil per 

cent value ranged from 31.28 (BSQ) - 33.40 (SQ) and there by indicated not 

much differences existed in the base populations allotted for various selection 

schemes. However, maximum variance (16.89) and coefficient of variation 

(13.13) was found in the base population allotted for BSQ and in the rest of 

the base populations, variances and coefficient of variations trends differed. 

(Table 8) 

4.1.8 Oil yield / plant (g) 

The base population allotted for HSQ recorded maximum range 

(5.64-11.23), mean (7.82), variance (3.96) and coefficient of variation (25.44). 

Where as the base population of MS^ recorded mean oil yield (6.06), variance 

(1.06) and coefficient of variation (16.90). (Table 9) 



Table 8 : Mean, range, variance and coefficient of variation for oil 
percent in the base population allotted for various selection 
schemes during Kharif^ 1997 

S.No. 

1 

2 

3 

4 
5 

Populations 

MSo 

BSo 

HSo 

FS„ 

So 

Mean 

32.85 

31.28 

32.46 

32.87 

33.40 

Range 

29.23-39.42 

27.63-40.21 

28.83-38.94 

28.93-40.42 

29.62-40.23 

Variance 

7.45 

16.89 

11.16 

5.71 

6.10 

c.v 
8.31 

13.13 

10.28 

7.27 

7.39 

Table 9 : Mean, range, variance and coefficient of variation for oil 
yield / plant (g) in the base population allotted for various 
selection schemes during Kharif, 1997 

S.No. 

1 

2 

3 

4 

5 

Populations 

MSo 

BSo 

HSo 

FSo 

So 

Mean 

6.06 

6.93 

7.82 

6.24 

6.10 

Range 

4.43-9.42 

5.24-10.31 

5.64-11.23 

4.34-9.23 

4.93-9.23 

Variance 

1.06 

1.96 

3.96 

1.93 

1.61 

C.V 

16.90 

27.41 

25.44 

22.27 

20.81 

Note: Abbreviation's expansions given in the list of symbols and 
abbreviations used 



4.2 MEAN, RANGE, VARIANCE AND COEFFICIENT OF 

VARIATION IN THE FIRST GENERATION POPULATIONS 

DERIVED BY DIFFERENT SELECTION SCHEMES 

The mean, range, variance and coefficient of variation in the first 

generation populations derived by different selection schemes are presented 

in Table Numbers 10 to 17. 

4.2.1 Plant height (cm) 

The maximum range for plant height was observed in BS, population 

(63.6-119.7) followed by MS, populations (65.3-119.2). The lowest range for 

plant height was recorded in the population of HS, (77.3-99.6). The 

maximum mean plant height of 87.5 in the FS, population followed by HS, 

population (85.3) was observed. Where as in the rest of the populations 

means were almost on par with each other. The maximum variance (114.49) 

and coefficient of variation (12.90) was found in BS, populations followed 

by MS, populations with a variance of 112.36 and coefficient of variability 

12.84. The S, population recorded low variance (0.49) and coefficient of 

variation (0.82). The coefficient of variation in the populations of HS, and 

FS, was not differed much, (lable 10) 
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Table 10 : Mean, range, variance and coefficient of variation for plant 
height (cm) in the first generation populations of various 
selection schemes during rabU 1997 

S.No. 

1 

2 

3 

4 

5 

Populations 

MS, 

BS, 

HS, 

FS, 

S| 

Mean 

82.5 

83.0 

85.3 

87.5 

84.5 

Range 

65.3-119.2 

63.6-119.7 

77.3-99.6 

71.2-111.3 

60.6-99.5 

Variance 

112.36 

114.49 

96.04 

81.00 

0.49 

c.v 
12.84 

12.90 

11.49 

10.28 

0.82 

Table 11 : Mean, range, variance and coefficient of variation for head 
diameter (cm) in the first generation population of various 
selection schemes during rabi^ 1997 

S.No. 

1 

2 

3 

4 

5 

Populations 

MS, 

BS, 

HS, 

FS, 

s, 

Mean 

12.18 

13.00 

11.36 

9.87 

9.76 

Range 

9.23-20.34 

9.32-19.42 

10.23-14.92 

7.34-13.23 

8.34-11.63 

Variance 

4.88 

10.11 

1.29 

1.44 

0.92 

C.V 

18.44 

24.46 

10.04 

12.17 

9.88 

Note: Abbreviation's expansions given in the list of symbols and 
abbreviations used 



4.2.2 Head diameter (cm) 

The MS| and BS, populations showed wide range of values 9.23-20.34 

and 9.32-19.42 for head diameter. Next in order were FS,, HS, and S, 

populations. The mean head diameter was maximum (13) in BS, followed by 

MS, population. Similar trends just like that of range values were observed 

even for mean head diameter values in HS,, FS,, and S, populations. These 

populations recorded mean values of 11.36, 9.87 and 9.76, respectively. 

(Table 11) 

4.2.3 Stem thickness (cm) 

The maximum range for stem thickness was recorded in the population 

of MS, (1.82-3.63). In the rest of the populations viz., BS„ HS, and FS, 

ranges for stem thickness were almost similar. However, S, population 

showed lowest range of 1.44-2.33 when compared to other populations. 

However, mean stem thickness was maximum in HS, population (2.97) 

followed by BS, population (2.67). The lowest mean stem thickness was 

observed in S, population (1.89). Maximum variance (0.36) and coefficient 

of variation (20.20) was recorded in the population of HS, followed by MS, 

population with a variance of 0.16 and coefficient of variation 16.67. The 

lowest variance (0.05) and coefficient of variation (8.23) was recorded in the 

BS, population. (Table 12) 
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Table 12 : Mean, range, variance and coefficient of variation for stem 
thickness (cm) in the first generation populations of various 
selection schemes during rati, 1997 

S.No. 

1 

2 

3 

4 

5 

Populations 

MS, 

BS, 

HS, 

FS, 

s, 

Mean 

2.40 

2.67 

2.97 

2.00 

1.89 

Range 

1.82-3.63 

1.81-3.23 

1.73-3.23 

1.63-3.12 

1.44-2.23 

Variance 

0.16 

0.05 

0.36 

0.07 

0.06 

c.v 
16.67 

8.23 

20.20 

13.26 

12.72 

Table 13 : Mean, range, variance and coefficient of variation for days 
to maturity in the first generation populations of various 
selection schemes during rabi^ 1997 

S.No. 

1 

2 

3 

4 

5 

Populations 

MS, 

BS, 

HS, 

FS, 

s, 

Mean 

86.41 

87.41 

80.97 

81.45 

81.42 

Range 

84-89 

82-89 

77-84 

78-86 

77-84 

Variance 

0.82 

2.22 

6.45 

3.42 

3.42 

C.V 

1.05 

1.61 

3.14 

2.25 

2.25 

Note: Abbreviation's expansions given in the list of symbols and 
abbreviations used 
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4.2.4 Days to maturity 

The FS, population recorded maximum range (78-86) and the lowest 

in the MS, population (84-89) for days to maturity. Where as in the rest of 

the populations the differences in the range of values were similar. The mean 

number of days taken to maturity were maximum in the populations of BS, 

and MS, with 87.41 and 86.41, respectively. Where as in the populations of 

HS,, FS| and S, mean values for days to maturity were on par with each 

other. However, the variance and coefficient of variation was maximum in the 

population of HS, followed FS, and S,. The lowest variance and coefficient 

of variation was recorded in the population of MS,. (Table 13) 

4.2.5 100 Seed weight (g) 

The maximum range for 100 seed weight was recorded in the 

population of FS, (1.04-6.63) followed by HS, population (2.46-6.24). In the 

rest of the populations similar range values were recorded. Maximum 100 

seed weight was recorded in MS, population (6.07) and the lowest in FS, 

(3.49). The 100 seed weight of BS, and S, populations were on par with 

each other. Maximum variance (14.97) and coefficient of variation (74.35) 

was recorded in the population of BS,. Whereas the lowest variance (0.39) 

and coefficient of variation (10.38) was recorded in the population of MS,. 

In the rest of the populations viz., HS,, FS, and S,, the variances were not 

differed much. (Table 14) 



Table 14 : Mean, range, variance and coefficient of variation for 100 
seed we^ht (g) in the first generation populations of various 
selection schemes during rati, 1997 

S.No. 

1 

2 

3 

4 

5 

Populations 

MS, 

BS, 

HS, 

FS, 

s, 

Mean 

6.07 

5.21 

4.04 

3.49 

5.23 

Range 

4.23-7.34 

3.62-6.63 

2.46-6.24 

1.04-6.63 

3.12-5.93 

Variance 

0.39 

14.97 

2.07 

2.92 

2.10 
1 , i 

C.V 

10.38 

74.35 

35.77 

49.00 

27.80 

Table 15 : Mean, range, variance and coefficient of variation for seed 
yield / plant (g) in the first generation populations of various 
selection schemes during rati, 1997 

S.No. 

1 

2 

3 

4 

5 

Populations 

MS, 

BS, 

HS, 

FS, 

s, 

Mean 

15.14 

11.98 

10.81 

5.26 

6.01 

Range 

9.32-24.23 

9.32-20.34 

11.63-16.12 

3.03-13.43 

3.23-13.34 

Variance 

13.98 

92.16 

3.53 

7.89 

7.56 

C.V 

24.70 

80.09 

17.41 

23.42 

45.70 

Note: Abbreviation's expansions given in the list of symbols and 
abbreviations used 



4.2.6 Seed yield / plant (g) 

The MS, population showed wide range for seed yield per plant 

(9.32-24.23) where as HS, population recorded narrow range (11.63-16.12). 

The FS, and S, populations recorded similar range values of 3.03-13.43 and 

3.23-13.34 respectively. The mean seed yield per plant was maximum in MS, 

population (15.14). Where as BS, and HS, recorded 11.98 and 10.81, 

respectively. The lower mean seed values were recorded in the population of 

FS, (5.26) and S, (6.01). The maximum variance (92.16) and coefficient of 

variation (80.09) were found in BS, populations. Where as HS, population 

recorded lowest variance (3.53) and coefficient of variation (17.41) when 

compared to the rest of the populations. (Table 15) 

4.2.7 Oil per cent 

The maximum range for oil per cent was recorded in the BS, 

population (20.63-46.24) followed by MS, population (15.23-37.34). The 

lowest range for oil per cent was observed in FS, population (28.83-35.64) 

followed by HS, population (26.64-37.72). The BS, population also recorded 

maximum mean of oil per cent 35.02, variance of 52.27 and coefficient of 

variation 20.66. The mean oil per cent values of MS, (28.31) and S, 

population (28.52) and HS, (30.11) and FS, (30.01) were on par with each 

other. The variance and coefficient of variation were on par in the 

populations of HS, and FS,. (Table 16) 



Table 16 : Mean, range, variance and coefficient of variation for oil 
percent in the first generation populations of various 
selection schemes during rabi, 1997 

S.No. 

1 

2 

3 

4 

5 

Populations 

MS, 

BS, 

HS, 

FS, 

s, 

Mean 

28.31 

35.02 

30.11 

31.01 

28.52 

Range 

15-23-37.34 

20.63-46.24 

26.64-37.72 

28.83-35.64 

20.23-39.84 

Variance 

16.97 

52.27 

7.78 

6.25 

23.72 

C.V 

14.55 

20.66 

9.29 

8.06 

17.09 

Table 17 : Mean, range, variance and coefficient of variation for oil 
yield / plant (g) in the first generation populations of various 
selection schemes during rabi 1997 

S.No. 

1 

2 

3 

4 

5 

Populations 

MS, 

BS, 

HS, 

FS, 

s, 

Mean 

4.21 

3.83 

3.24 

3.11 

3.89 

Range 

2.83-7.14 

2.23-8.24 

2.13-5.24 

0.64-2.63 

0.93-5.24 

Variance 

1.51 

1.53 

0.41 

2.78 

2.13 

C.V 

29.22 

32.52 

19.86 

5.35 

77.24 

Note: Abbreviation's expansions given in the list of symbols and 
abbreviations used 



4.2.8 Oil yield / plant (g) 

The maximum range for oil yield per plant was observed in the BS, 

population (2.23-8.24). The MS, and S, populations showed similar 

differences in the range of values. Whereas FS, population showed a range 

of 0.64-2.63 for oil yield per plant. The maximum mean oil yield per plant 

was recorded in the population of MS, (4.21) followed by BS, (3.83), HS, 

(3.24), FS, (3.11) and S, (3.89). Maximum variance (2.78) was recorded in 

the population of FS, and the lowest was in the population of HS, with 0.41. 

Though the variance is low in S, population compared to FS,, but recorded 

maximum coefficient of variation (77.24). (Table 17) 

4.3 MEAN, RANGE, VARIANCE AND COEFFICIENT OF 

VARIATION IN SECOND GENERATION POPULATIONS OF 

DIFFERENT SELECTION SCHEMES IN DIFFERENT SEASONS 

In order to study the effects of different seasons in influencing mean, 

range, variance and coefficient of variation in second generations populations 

derived by various selection schemes and to identify the best season and 

population, the data on different traits were collected and presented in Table 

Numbers 18 to 25. 



4.3.1 Plant height (cm) 

In summer 1998-99, maximum range of 58.8-98.6 was observed in the 

FSj population followed by BSj population with 52.6-89.8. The lowest range 

of 50.3-73.4 and 50.8-74.3 was observed in the populations of MSj and Sj 

respectively. During the same summer season, the mean plant height was 

maximum in FSj population (66.4) followed by BSj (65.7) and Sj (64.2). 

Where as in MSj and HSj the mean plant heights were comparatively low. 

The maximum variance and coefficient of variations were recorded in the 

populations of FSj and BSj followed by Sj. The lowest variance and 

coefficient of variation was recorded in the population of MSj. (Table 18) 

Where as in ATiar//season, maximum range for plant height (62.6-90.7) 

was recorded in the BSj population and lowest in MSj. The maximum mean 

plant height was found in FSj (95.8) followed by HS2 (88.7) population. The 

lowest mean plant height was found in 83 populations (68.1). Whereas the 

variance was maximum in 883 (43.56) followed by FSj (30.25) populations. 

The lowest variance was found in M82 population (5.76). The coefficient of 

variation was maximum in BSj population (7.5) and the least in MSj 

population (3.1). 

During Rabi season, maximum range for plant height was found in HS^ 

population (82.6-95.8) and the least in Sj population (68.3-74.2). Ihe 



Table 18 : Mean, range, variance and coefficient of variation for plant 
height (cm) in second generation populations in different 
seasons 

Population / 
Generation 

MS2 

BS2 

HS2 

FS2 

S2 

Season 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

Mean over 'S' 

Mean over 'K' 

Mean over 'R' 

Mean 

58.6 

79.6 

74.0 

70.7 

65.7 

80.6 

81.3 

75.9 

60.3 

88.7 

89.6 

79.5 

66.4 

95.8 

92.8 

85.0 

64.2 

68.1 

71.3 

67.9 

63.04 

82.56 

81.08 

Range 

53.3-73.4 

73.3-85.6 

69.3-76.2 

52.6-89.8 

62.6-90.7 

76.7-84.3 

49.3-75.8 

79.2-94.8 

82.6-95.8 

58.8-98.6 

87.6-105.8 

87.8-95.6 

50.8-74.3 

60.3-73.6 

68.3-74.2 

Variance 

40.96 

5.76 

3.61 

16.77 

108.16 

43.56 

4.00 

51.90 

75.69 

21.16 

19.36 

38.73 

193.21 

30.25 

3.24 

75.56 

94.09 

15.84 

3.24 

37.72 

102.42 

23.31 

6.69 

C.V 

7.92 

3.1 

2.4 

4.46 

15.9 

7.5 

2.5 

25.9 

14.5 

5.2 

2.5 

7.4 

20.9 

5.7 

2.1 

9.56 

15.1 

5.6 

2.1 

7.6 

14.86 

5.42 

2.32 

S : Summer, 1998-99 
K : Kharif, 1999 
R : Rabi, 1999 
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maximum mean plant height was recorded in the populations of FSj (92.8) 

followed by HS2 (86.0) and the lowest in Sj (71.3) population. The variance 

was maximum in HSj population (19.36) and in the rest of the populations 

the variance values were not differed much. The coefficient of variation 

among different populations not differed very much. 

Over the seasons {Summer, Kharif and Rabi\ maximum mean plant 

height values were recorded in the population of FSj (85) followed by HSj 

(79.5). Where as Sj population recorded the lowest mean value of (67.9). The 

maximum mean variance of 75.56 was found in the population of FS2. 

However, the coefficient of variation in FS2 was next in to BS2 population. 

The MSj population over the seasons recorded lowest variance (16.72) and 

coefficient of variation (4.46). 

The overall mean values of all the seasons indicated that Kharif, 1999 

and Rabi, 1999 were the best seasons for all the populations for maximum 

expression of plant height. 

4.3.2 Head diameter (cm) 

During summer season, FSj population showed maximum range 6.54-

15.8 for head diameter followed by S2 population (4.53-10.74). In the rest of 

the populations not much of differences observed in the range values. The 



mean head diameter values recorded by difterent populations were HSj (8.93), 

FS2 (8.90), BS2 (8.46), S2 (8.04) and MSj (7.65), thereby indicated that 

summer season has not influenced much. The variance and coetlficient of 

variation were maximum in FSj population followed by Sj population. Where 

as the variance of MSj, BS2 and HSj were 1.56, 1.02 and 1.32, respectively. 

(Table 19) 

Similarly during Kharif, FSj population recorded maximum range of 

19.64-24.23 for head diameter. Where as in the rest of the populations not 

exhibited wider differences in the range of values. For mean head diameter, 

the FS2 population showed maximum value of 22.03 followed by HSj 

population 19.03. Where as S2 population recorded lowest mean head 

diameter of 10.50. Maximum variance and coefficient of variation was found 

in FSj population and the lowest by S2 population. 

During Rati, range values were not wider in the different populations 

studied. The FS2 population showed maximum mean head diameter (21.60) 

followed HS2 population (20.66). The S2 population showed the lowest mean 

head diameter (10.98). As that in Kharif, wider differences in variance values 

were observed even in Rabi season among the populations. Similarly with 

regard to coefficient of variation. 



'>, L 

Table 19 : Mean, range, variance and coefficient of variation 
diameter (cm) in second generation populations in 

for head 
different 

seasons 
Population / 
Generation 

MS2 

BS2 

HS2 

FS2 

s. 

Season 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

s 
K 

R 

Mean 

Mean over 'S' 

Mean over 'K' 

Mean over 'R' 

Mean 

7.65 

17.09 

17.62 

14.12 

8.46 

15.60 

16.78 

13.61 

8.93 

19.03 

20.66 

16.21 

8.90 

22.03 

21.60 

17.51 

8.04 

10.50 

10.98 

9.84 

8.39 

16.85 

17.53 

Range 

6.32-10.44 

15.34-18.23 

15.32-18.34 

6.93-10.21 

14.23-16.45 

15.83-17.62 

6.84-1 1.93 

17.63-19.62 

19.63-22.24 

6.54-15.8 

19.64-24.23 

20.63-22.34 

4.53-10.74 

10.23-11.80 

10.23-11.53 

Variance 

1.56 

0.58 

1.16 

l.IO 

1.02 

0.31 

0.30 

0.54 

1.32 

0.25 

0.33 

0.63 

3.72 

1.37 

0.18 

1.76 

2.46 

0.16 

0.18 

0.93 

2.02 

0.53 

0.43 

c.v 

16.39 

4.45 

6.17 

9.00 

11.99 

3.61 

3.33 

6.31 

12.89 

2.65 

3.33 

6.29 

21.71 

5.33 

4.27 

10.43 

19.52 

3.88 

4.27 

9.22 

16.50 

3.98 

4.27 

S : Summer, 1998-99 
K : Kharif, 1999 
R : Rati, 1999 
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Over the populations, in a particular season maximum head diameter 

was found in FS2 (17.51) followed by HSj (16.21) population and the lowest 

S2 (9.84). Similar trends were observed with variance and coefficient of 

variation. 

In general, Kharif and Rabi 1999 were found to be more favourable 

for all populations for maximum head diameter expression. 

4.3.3 Stem thickness (cm) 

In summer season, maximum range was recorded in the population of 

HS2 (0.72-2.13) followed by 883 population (0.92-1.93). Maximum mean 

value for stem thickness was also recorded in HSj population (0.93). However 

the variance was maximum in MSj population (158.26). Where as the 

coefficient of variation was maximum in HSj population (34.19) followed by 

FS2 (26.96) population. (Table 20) 

In Kharif season, maximum range for stem thickness was found in BSj 

and HS2 populations. However, in the rest of the populations not much of 

variation was found. Maximum mean of 4.39 was found in FS2 population 

followed by HSj population. Wide differences were not recorded in the 

variance values in the populations studied during Kharif season. They 

coefficient of variation was maximum in BSj population (21.89) followed by 

83 population (20.91). 



Table 20 : Mean, range, variance and coefficient of variation for stem 
thickness (cm) in second generation populations in different 
seasons 

Population / 
Generation 

IVIS2 

BS2 

HS2 

FS2 

S, 

Season 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

Mean over 'S' 

Mean over 'K' 

Mean over 'R' 

Mean 

0.76 

I.8I 

3.48 

2.02 

0.83 

1.79 

2.60 

1.74 

0.93 

2.99 

4.36 

2.76 

0.86 

4.39 

4.64 

3.29 

0.77 

1.40 

1.60 

1.25 

0.83 

2.48 

3 34 

Range 

0.62-1.34 

1.23-2.24 

3.23-3.71 

0.92-1.93 

1.23-2.42 

2.43-2.84 

0.72-2.13 

2.44-3.63 

3.63-4.92 

0.73-1.24 

3.84-4.83 

4.34-4.93 

0.44-1.13 

1.23-1.94 

1.24-1.93 

Variance 

158.26 

0.05 

0.02 

52.77 

0.01 

0.15 

0.02 

0.06 

1.10 

0.18 

0.17 

0.15 

0.05 

0.08 

0.02 

0.05 

0.02 

0.08 

0.02 

0.04 

31.29 

0.11 

0.05 

c.v 

16.56 

12.38 

3.97 

10.97 

11.90 

21.89 

5.95 

13.25 

34.19 

14.66 

5.95 

18.27 

26.96 

6.70 

14.24 

15.97 

20.53 

20.91 

14.24 

18.56 

22.03 

15.31 

8.87 

S : Summer, 1998-99 
K : Kharij: 1999 
R : Rabi, 1999 



The range values during rabi season were maximum in HSj population 

(3.63-4.92) and the least was in BSj population. Maximum mean values for 

stem thickness were found in FSj (4.64) and HSj (4.36) populations. Similar 

trend as that of Kharif season observed with regard to variance values. 

However, coefficient of variation was found maximum in the populations of 

FSj and Sj. 

When it was taken overall mean, mean variance and mean of 

coefficient of variation of a particular population over all seasons, it was 

found that FSj population recorded maximum over all mean (3.29) followed 

by HSj (2.76). The mean variance was maximum in MSj population and in 

the mean coefficient of variation, HSj and Sj recorded maximum values. 

For all the populations, rabi season showed maximum overall mean 

(3.34) followed by Kharif sQd&on (2.48). However, maximum mean variance 

and coefficient of variation were found in summer season. 

4.3.4 Days to maturity 

In summer FSj population recorded maximum range (80-87) for days 

to maturity followed by HSj (80-85). The mean number of days taken to 

maturity were 84.32, 84 and 83.04 in Sj, FSj and HSj, respectively. The 

variance was maximum in HSj followed by FSj. The coefficient of variation 

was maximum in FS2 (1.94) followed by HSj (1.75). (Table 21) 
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Table 21 : Mean, range, variance 
to maturity in second 
seasons 

and coefficient of variation for days 
generation populations in different 

Population / 
Generation 

MS2 

BS2 

HS2 

FS2 

S2 

Season 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

Mean over 'S' 

Mean over 'K' 

Mean over 'R' 

Mean 

81.23 

81.41 

81.20 

81.28 

81.51 

81.20 

80.91 

81.20 

83.04 

81.43 

81.44 

81.97 

84.00 

81.34 

80.93 

82.09 

84.32 

79.92 

80.84 

81.69 

82.82 

81.06 

81.06 

Range 

80-82 

79-83 

80-83 

80-83 

80-83 

80-82 

80-85 

80-83 

80-84 

80-87 

80-83 

80-82 

83-86 

76-82 

79-83 

Variance 

0.41 

1.17 

0.41 

0.66 J 

0.92 

0.83 

0.50 

0.75 

3.09 

0.55 

1.08 

1.57 

2.66 

0.55 

1.54 

1.58 

0.64 

2.19 

1.54 

1.46 

1.54 

1.06 

1.01 

C.V 

0.89 

1.32 

0.70 

0.97 

1.12 

1.06 

0.91 

1.03 

1.75 

0.91 

0.99 

1.22 

1.94 

0.91 

l.ll 

1.32 

0.92 

1.72 

l.ll 

1.25 

1.32 

1.18 

0.96 

S : Summer, 1998-99 
K : Kharif, 1999 
R : Rabi, 1999 
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In Kharif, the range for days to maturity was maximum in Sj (76-82) 

and the rest of the populations not differed very much and similarly with 

mean number of days taken to maturity. The variance was maximum in Sj 

population (2.19) followed by MSj (1.17) and in the rest of the populations 

almost similar variance values were observed. 

In rati season, not much differences were observed in the range and 

mean values for days to maturity. The variance was maximum in Sj and FS2 

populations and similarly with coetl^icient of variation. 

The overall mean of populations in different seasons not differed very 

much and also similar variance and coefficient of variation were observed. 

4.3.5 100 Seed weight (g) 

During summer season, maximum range for 100 seed weight was 

recorded in FSj population and MSj and Sj had similar range values. 

Maximum 100 seed weight was found in FSj population (6.40). The lowest 

100 seed weight was found in Sj population (4.58). The maximum variance 

and coefficient of variation was also found FSj population. (Table 22) 

The maximum range of 2.43-4.42 was recorded in BSj population 

during Kharif followed by FSj and Sj populations. The 100 seed weight was 



Table 22 : Mean, range, variance and coefficient of variation for 100 
seed weight (g) in second generation populations in different 
seasons 

Population / 
Generation 

MS2 

BS2 

HS2 

FS2 

S2 

Season 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

Mean over 'S' 

Mean over 'K' 

Mean over 'R' 

Mean 

5.23 

3.92 

3.41 

4.18 

5.80 

3.72 

3.13 

4.22 

5.40 

5.13 

4.53 

5.02 

6.40 

6.57 

6.89 

6.62 

4.58 

2.48 

3.30 

3.45 

5.48 

4.36 

4.25 

Range 

4.04-6.23 

3.43-4.24 

3.23-3.71 

5.32-6.64 

2.43-4.42 

3.23-3.62 

4.93-6.14 

5.14-5.63 

4.24-.533 

5.14-8.43 

5.83-7.62 

6.23-7.24 

2.83-5.34 

2.14-3.83 

3.14-3.83 

Variance 

0.22 

0.03 

0.05 

0.10 

0.27 

0.21 

0.03 

0.17 

0.15 

0.03 

0.08 

0.09 

1.32 

0.32 

0.06 

0.57 

0.72 

0.13 

0.06 

0.30 

0.54 

0.14 

0.06 

c.v 

9.09 

4.82 

6.57 

6.83 

9.12 

12.36 

5.19 

8.89 

7.39 

3.50 

5.19 

5.36 

18.06 

8.71 

5.58 

10.78 

0.92 

14.66 

5.58 

7.05 

8.92 

8.81 

5.62 

S : Summer, 1998-99 
K : Kharif, 1999 
R : Rabi, 1999 



maximum in FSj population followed by HSj population. The variances of all 

the populations during Kharif were almost similar. Where as the maximum 

coefficient of variation was found in 83 (14.66) followed by BSj (12.36) 

population. 

During rabi season, range values were maximum in HSj and FSj 

populations. Hundred seed weight was maximum in FSj population (6.89) and 

variance and co-efficient of variation were similar in almost all populations. 

The mean of FSj population over three seasons was greater than the 

rest of the populations. Next in order was HSj population. The mean 100 

seed weight of all the populations in summer season recorded maximum value 

(5.48) than the other seasons. Similar results were obtained for variance and 

coefficient of variation. 

4.3.6 Seed yield / plant (g) 

During summer season, the maximum range was recorded in the FSj 

population (7.93-16.42) followed by HSj population (9.83-16.42). The mean 

seed yield of HSj population (13.16) was greater than BSj population (10.89) 

followed by FSj, Sj and MSj populations. The variance and coefficient of 

variation were maximum in HSj population when compared to the rest of the 

populations. (Table 23) 
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Table 23 : Mean, range, variance and coefficient of variation for seed 
yield / plant (g) in second generation populations in different 
seasons 

Population / 
Generation 

MS2 

BS2 

HS2 

FS2 

S2 

Season 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

Mean over 'S' 

Mean over 'K' 

Mean over 'R' 

Mean 

6.23 

20.06 

22.64 

16.31 

10.89 

16.31 

18.20 

15.13 

13.16 

30.57 

32.44 

25.39 

8.47 

39.85 

41.98 

30.10 

7.55 

7.49 

6.76 

7.27 

9.26 

22.85 

24.40 

Range 

5.01-7.32 

19.23-20.61 

3.23-3.71 

9.63-12.92 

15.53-16.82 

16.43-18.84 

9.83-16.42 

29.83-32.34 

31.23-33.44 

7.93-16.42 

39.24-40.63 

40.63-42.65 

6.63-8.12 

6.83-8.04 

6.63-7.03 

Variance 

0.30 

0.35 

0.05 

0.23 

0.44 

0.09 

0.45 

0.33 

3.53 

0.26 

0.34 

1.38 

0.59 

0.30 

0.01 

0.30 

0.21 

0.11 

0.25 

0.19 

0.01 

0.22 

0.22 

c.v 

8.85 

6.67 

6.57 

7.36 

6.13 

1.91 

3.70 

3.91 

14.34 

1.67 

0.67 

5.56 

9.19 

1.39 

2.13 

4.24 

6.02 

4.41 

2.13 

4.18 

8.91 

3.21 

3.04 

S : Summer, 1998-99 
K : Kharif, 1999 
R : Rabi, 1999 



In ATior//season, maximum range values were found in HSj population 

(29.83-32.34) and in the rest of the populations the differences were 

minimum. However, maximum mean seed yield was found in Fj population 

(39.85) followed by HSj population with 30.57. Maximum variance (0.35) 

and coefficient of variation (6.67) were recorded by the MSj population. 

Maximum range for seed yield was recorded in BSj population 

(16.43-18.84) followed by HSj and FSj population in rabi season. The least 

range values were found in Sj and MSj populations. Highest mean seed yield 

was found in FSj (41.98) followed by HSj (32.44) population. The variance 

was maximum in BS2 population (0.45) but the coefficient of the variation 

was highest in MSj population. 

The mean seed yield of a population over all the seasons was 

maximum in FSj (30.10) followed by HSj population (25.39). The average 

yield of all populations over different seasons were found to be better in rabi 

season followed by khahf season. But the same thing has not reflected in 

variance and coefficient of variation. Summer season appeared favourable for 

variance and coefficient of variation. 
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4.3.7 Oil per cent 

In summer season, maximum range for oil per cent was found in BSj 

population (30.43-43.24) followed by MSj and Sj populations. Whereas the 

mean oil per cent value were higher in BSj population (36.71) followed by 

HSj (34.43) and FSj (33.80). Where as the variance (17.14) and coefficient 

of variation (15.13) were higher in MSj population. (Table 24) 

In rabi season, maximum range for oil per cent was found in MSj 

population (30.24-36.32). The mean per cent values were higher in FSj 

(48.36) followed by HSj and Sj. The variance was maximum in HS2 (115.56) 

followed by BSj population (111 .94). However, the coefficient of variation 

was maximum in MSj population. 

Maximum oil per cent over all the seasons was found in the population 

of FS2 (43.27) followed by HSj (39.42) population. The mean oil per cent ol' 

all the populations in a particular season is considered, kharif and rabi 

seasons recorded maximum oil per cent of 40.74 and 38.97, respectively. 

However, mean variance of all the populations was maximum in rabi (46.13) 

but coefficient of variation was maximum in summer season (10.17). 



Table 24 : Mean, range, variance and coefficient of variation oil percent 
in second generation populations in different seasons 

Population / 
Generation 

MŜ  

BS2 

HS2 

FS2 

S2 

Season 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

Mean over 'S' 

Mean over 'K' 

Mean over 'R' 

Mean 

27.41 

39.70 

33.68 

33.59 

36.71 

33.44 

31.00 

33.72 

34.43 

42.76 

41.08 

39.42 

33.80 

47.66 

48.36 

43.27 

32.77 

40.12 

40.72 

37.87 

33.02 

40.74 

.38.97 

Range 

20.33-31.24 

33.42-42.34 

30.24-36.32 

30.43-43.24 

30.53-35.24 

30.32-32.14 

29.52-39.23 

39.63-44.24 

39.62-42.14 

29.64-37.83 

45.63-48.42 

48.13-49.04 

30.12-36.54 

37.63-41.82 

39.63-41.82 

Variance 

17.14 

4.16 

2.62 

7.97 

16.97 

0.21 

111.94 

43.04 

9.36 

0.96 

115.56 

41.96 

7.95 

0.92 

0.53 

3.13 

5.57 

0.69 

0.03 

2.09 

11.39 

1.38 

46.13 

C.V 

15.13 

5.14 

4.82 

8.36 

11.23 

3.88 

1.88 

5.66 

8.91 

2.31 

0.58 

3.93 

8.35 

2.03 

1.81 

4.06 

7.21 

2.07 

1.81 

3.69 

10.17 

3.08 

2.18 

S : Summer, 1998-99 
K : Kharif, 1999 
R : Rabi, 1999 
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4.3.8 Oil yield / plant (g) 

In summer season, maximum range for oil yield / plant was found in 

HS2 population (3.34-6.04) followed by FSj population (2.14-3.93). Similarly 

mean oil yield / plant was found in HSj population (4.53) followed by BSj 

population (3.97). Where as coetlficient of variation was highest in MS, 

population (19.08) followed by HSj population (16.69). (Table 25) 

For oil yield / plant in kharif season, maximum range was found in 

FS2 population (17.46-20.23) followed by MS2 (6.63-8.42). Where as mean 

oil yield per plant was maximum in FSj population (18.96) followed by HSj 

population (12.79). The variance for oil yield / plant was maximum in BST 

(1.66) where as coefficient of variation was high in MS2 and BS2 populations. 

In rabi season, wide range was found in two population viz., BSj and 

FS2 with 6.43-8.84 and 17.23-19.46, respectively. Mean oil yield per plant 

was highest in FS2 population (18.62) followed by HSj (13.10). Maximum 

variance was found in FSj (0.56) where as for coefficient of variation Sj 

population recorded highest value of 6.28. 

Over all the seasons, FSj population recorded maximum mean oil 

yield / plant (13.47) followed by HS, population (10.14). Both kharif and 

rabi seasons were in general favourable for the expression of oil yield per 
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Table 25 : Mean, range, variance and coefficient of variation for oil 
yield / plant (g) in second generation populations in different 
seasons 

Population / 
Generation 

MS2 

BS2 

HS2 

FS2 

S2 

Season 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

S 

K 

R 

Mean 

Mean over 'S' 

Mean over 'K' 

Mean over 'R' 

Mean 

1.69 

7.70 

7.07 

5.49 

3.97 

5.06 

5.48 

4.84 

4.53 

12.79 

13.10 

10.14 

2.84 

18.96 

18.62 

13.47 

2.47 

2.90 

2.79 

2.72 

3.10 

9.48 

9.41 

Range 

1.23-2.24 

6.63-8.42 

6.31-7.92 

3.24-4.63 

4.63-5.34 

6.43-8.84 

3.34-6.04 

12.24-13.56 

12.43-13.64 

2.14-3.93 

17.64-20.23 

17.23-19.64 

2.13-3.14 

2.53-3.24 

2.63-3.12 

Variance 

0.10 

0.26 

0.14 

0.17 

0.17 

1.66 

0.04 

0.62 

0.56 

0.13 

0.16 

0.28 

0.14 

0.29 

0.56 

0.33 

0.07 

0.03 

0.03 

0.04 

0.21 

0.47 

0.19 

c.v 

19.08 

6.67 

5.27 

10.34 

10.72 

6.67 

3.91 

7.10 

16.69 

2.93 

3.10 

7.57 

13.53 

2.86 

4.05 

6.81 

11.68 

5.54 

6.28 

7.83 

14.34 

4.93 

4.52 

S : Summer, 1998-99 
K : Kharif, 1999 
R : Rabi, 1999 
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plant by all the populations. However, maximum mean coefficient of variation 

was recorded in the summer season by all the populations. 

4.4 ANALYSIS OF VARIANCE 

The populations of HS, (115), FS, (123) and S, (66) were raised in 

three separate experiments in a randomized block design with two replications 

in each. The data obtained in each of the experiments were subjected to 

analysis of variance. 

Analysis of variance for eight quantitative traits studied in HS,, FS, 

and S, progenies showed significant differences among the progenies in each 

of the experiments (Table 26-28). It indicated that considerable variation 

existed in the progenies selected in each of these populations. 

4.4.1 Genetic parameters 

4.4.1.1 HS, progenies : ITie genotypic coefficient of variation in all the 

characters studied ranged from 3.0 (days to maturity) to 35.67 (100-seed 

weight). The phenotypic coefficient of variation ranged from 3.64 (days to 

maturity) to 35.6 (100-seed weight). Days to maturity, plant height, stem 

thickness, oil per cent and head diameter recorded low genotypic coeftlcient 

of variation. High genotypic coefficient of variation values were found in 

'SCCd Weifidilt, oil yield and seed yield. Low phenotypic coefficient of 
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variation values were found in days to maturity (3.64), plant height (8.84) and 

oil per cent (9.25). Head diameter and stem thickness showed medium 

phenotypic coefficient of variation values i.e. 12.32 and 12.42, respectively. 

High phenotypic coefficient of variation values were recorded by the 

characters viz., seed weight (35.77), oil yield (24.01) and seed yield (22.19). 

All the characters studied recorded high heritability estimates that is 

more than 60% except stem thickness (0.47 or 47%). Days to maturity 

exhibited low genetic advance (5.09). Whereas moderate genetic advance was 

found in plant height, head diameter, stem thickness and oil per cent. 

Hundred seed wei^t, oil yield and seed yield recorded high genetic advance, 

73.28, 41.16 and 30.21, respectively. (Table 29) 

4.4.1.2 FSj Progenies : Days to maturity, head diameter, stem thickness 

and oil per cent recorded low genotypic coefficient of variation. Moderate 

genotypic coefficient of variation was found in plant height (15.30). The 

characters such as 100-seed weight, oil yield and seed yield recorded high 

genotypic and phenotypic coefficient of variation. Moderate phenotypic 

coefficient of variation were found in plant height, stem thickness and head 

diameter. High heritability and genetic advance were found in seed yield, oil 

yield, plant height and seed weight. Moderate heritability and low genetic 

advance recorded in head diameter and stem thickness. (Table 30) 



/ M 

a 
m 
V 
a 
V 
O 
1m 

a. a 
o 

o 

c/T 
K 

I K 

> 
9» 
** 
a 
S 
a -

xs 
.Sf *S 
V. 
. 0 
C M 

en 

<u -«>< V 
S 
9S 

a. 

'JQ 
.2 
C3 
> 
U 
••( -kri 
44 
a 
61) 

0 

en 

B 
in 

• « 

9i 

2 

1 
a 
s 
en 

<» 
« S 
a« cA 

• 0 0 

,. a 
.̂  S t ! W V k. 
a 4> 
4> Ou 
0 

-̂̂  
^ 2^ 
s a 
. f i en 2^ 

"̂ ^ 
-** a 

'w 

• 2 ? ON 
P" > w 
C'^ 
0 0 
a <u Xi 

OH 

• -
a V 
*S 
g a 

•a « 0 
0 0 
a 9i 

0 

0 

z 
c/5 

0 

0 0 
00 

0 
0 

? 
0 

i 
(U 

51 

'St 

C5 

m 

0 0 
O N 

0 

3 

<̂  

0 0 
0 

0 

" t 

06 

? 
0 

C/3 
1/1 

0 

-s 
s 

1 r<-

0 

0 
0 
en 

3 

B 
0 

0 

r t 

0 0 

0 
0 

i n 

00 
06 

00 

0 

ON 

ON 

'S 

i 
1 

^ 0 
0 

i r 

) 
-*—» 
C 

0 

5 

) NC 

NO 

00 

0 

0 

0 
ON 

^ 
•*—» 

"5. 

5 

r~ 

0 
CO 

00 

0 

O N 

ON 

0 

-*—» 

• Q . 

^ -0 
(U 

C/3 

OC 

1 

u 
> 

0 ^ 
i n 
- t - j 
cd 

1 
0 

y:3 

1 
c^ 

* 

w 
> <u 
•~̂  
0 ^ 

-«H 
KJ 

•y 

0 
tC 

1 
* * 



'3 
o 
a. 

en 
C« 

it 
(J a 
it 
> 
•^ 
ts 

a 
e« V 

s 
e*M 
O 

• * • * 

. 
<u > 

_ai 

^ 
i r i 

• 1 - ; 

c3 
-•—* 

O 

1 
GT) 

* 

lU 

> 
(U 

'"̂  

•i-t 

a 
•t-i 

tC 

1 
* 
* 



4.4.1.3 S, Progenies : Days to maturity and head diameter recorded 

low genotypic coefficient of variation. Where as the plant height (10.10), 

stem thickness (10.10) and oil per cent grouped under moderate group. As in 

the other populations, the characters oil yield and seed yield recorded high 

genotypic and phenotypic coefficient of variation. Days to maturity also 

showed low phenotypic coefficient of variation (2.64). Moderate phenotypic 

coefficient of variation was found in plant height, head diameter, stem 

thickness and oil per cent. High heritability and genetic advance were found 

in seed yield, oil yield, oil per cent and lOO-seed weight. Low heritability 

and low genetic advance in the days to maturity. High heritability and 

moderate genetic advance recorded in the plant height, head diameter and 

stem thickness. (Table 31) 

4.5 ANALYSIS OF VARIANCE AND GENETIC PARAMETERS IN 

SECOND GENERATION POPULATIONS 

The analysis of variance and genetic parameters for yield and yield 

attributes in the second generation populations of mass selection, bulk sib 

selection, half sib, full sib and selfed progeny along with check Morden in 

different seasons of summer 1998-99, kharif 1999 and rabi 1999 are 

furnished in Table numbers 32 to 38. 
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Analysis of variance in different seasons revealed significant 

differences among various populations for all the yield and yield attributes 

studied. This indicated considerable variability among the populations derived 

by various selection schemes. 

4.5.1 Summer, 1998-99 

The MS2 and HSj populations recorded significantly lower mean values 

for plant height than BSj, FSj, Sj and Morden variety. Where as for head 

diameter BSj, HSj and FSj populations recorded significantly higher mean 

values than the check variety Morden. The stem thickness was minimum 

(0.76) in MS2 population followed by Sj population (0.77). The HSj 

population recorded maximum stem thickness value of 0.93 when compared 

to all the populations. MSj and BS2 populations taken comparatively less 

number of days to maturity. Maximum 100 seed weight was found in FSj 

population (6.40) followed by BSj population and the least in Morden check 

variety (3.78). BS2 population recorded maximum oil per cent (36.71) and the 

least in MSj population (27.41). For oil yield and seed yield / plant, HSj 

population recorded maximum mean values and minimum in MSj population 

(Table 35). 

During summer season, all the attributes studied showed high 

heritability estimates, where as only plant height, showed high expected 
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genetic advance (22.40) and the rest of the attributes recorded low values. 

The differences between genotypic and phenotypic variances were narrow for 

most of the characters except days to maturity and oil per cent. (Table 38) 

4.5.2 KhaHfl999 

The FS2 population recorded maximum plant height (95.8) and none 

of the other populations showed higher values than Morden. Where as for 

head diameter only two population HSj and FSj showed significantly superior 

mean value than Morden variety. For stem thickness, FSj population showed 

maximum mean value of 4.39 and minimum in Sj population 1.40. When it 

comes to days to maturity, MS2 population taken more number of days 87.41 

and the rest of the populations recorded less number of days when compared 

to Morden variety. Maximum oil per cent (47.66), oil yield (18.96) and seed 

yield / plant (39.85) were found in FSj population followed by HSj 

population (Table 36). 

During Kharif 1999, high heritability estimates were found in all the 

attributes studied. However, the expected genetic advance values were 

moderate for plant height, oil yield and seed yield / plant. The differences 

between genotypic and phenotypic variances were narrow in all the attributes. 

(Table 38) 



/ -

i 

OS 

o 

on 
4> 

1 

I 
I 
I 
I 

13 > 
s « 

ô 
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4.5.3 Rabi 1999 

The maximum plant height was found in FSj (92.8) followed by HSj 

(86.0) and BS2 (81.30) where as minimum in 85 (71.3) population. The mean 

head diameter ranged from 10.98 (Sj) to 21.60 (FSj). The maximum stem 

thickness was found in FSj (4.64) and minimum in Sj with 1.60. Narrow 

range values were found for days to maturity. The maximum 100 seed weight 

was found in FSj (6.89) and minimum in BSj (3.13) population. FSj 

population recorded maximum oil per cent with 48.36 and minimum in BSj 

population (31.00). Wide range was found in oil yield / plant from 2.79 (83) 

to 18.62 (FS2). In seed yield also FSj recorded maximum mean value of 

41.98 followed by HS2 with 32.44 and MSj with 22.64 and the lowest in 83 

(6.76) (Table 37). 

The differences between genotypic and phenotypic variances were 

narrow tor most of the characters except head diameter and days to maturity. 

Heritability estimates were h i ^ for all the attributes studied. However, it has 

not reflected in the expected genetic advance. Where in moderate expected 

genetic advance values were found in plant height, oil per cent, oil yield and 

seed yield / plant. (Table 38) 
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Table 38 : Genetic parameters of yield and yield attributes over various 
second generation populations in different seasons 

s. 
No. 

1. 

2 

3. 

4. 

5. 

6 

7 

8 

Characters 

Plant heighl 

Head diameter 

Stem thickness 

Days to 
maturity 

100 Seed 
weight 

Oil percent 

Oil yield / 
plant 

Seed yield / 
plant 

Season 

summer 1998-99 

kharif 1999 

rahi 1999 

summer 1998-99 

kharif 1999 

rafii 1999 

summer 1998-99 

kharif 1999 

rahi 1999 

summer 1998-99 

kharif \999 

rahi 1999 

summer 1998-99 

kharif 1999 

rahi 1999 

summer 1998-99 

kharif 1999 

rahi 1999 

summer 1998-99 

kharif \999 

rahi 1999 

summer 1998-99 

kharif 1999 

rahi 1999 

Genetic parameters 

og^ 

137.52 

97.20 

68.78 

4.20 

14.44 

13.92 

0.22 

1.20 

1.28 

7.96 

0.48 

0.30 

1.01 

1.97 

2.00 

13.00 

24.09 

41.02 

1.39 

34.26 

33.46 

11.76 

126.90 

146.29 

op' 

144.40 

100.35 

73.26 

4.64 

15.21 

16.77 

0.22 

1.22 

1.33 

11.01 

1.10 

1.04 

1.03 

2.19 

2.01 

19.24 

25.01 

43.67 

1.40 

35.52 

33.64 

12.35 

127.78 

146.77 

hV) 
95 

98 

93 

94 

96 

83 

98 

99 

96 

72 

44 

29 

98 

89 

99 

68 

96 

93 

99 

99 

99 

95 

99 

99 

GAfVI% 

23.40 

19.90 

16.31 

3.93 

7.65 

6.97 

0.95 

2.23 

2.26 

4.88 

0.94 

0.61 

2.02 

2.70 

2.4 

6.10 

9.85 

12.59 

2.39 

11.91 

11.77 

6.83 

11.30 

24.58 

2 

op 

GAM% 

= Genotypic variance 
= Phenotypic variance 
= Heritability 
= Expected genetic advance as percent of mean 



'M 

4.6 CHARACTER ASSOCIATION 

4.6.1 Mass Selection 

The data on character association among yield and yield attributes in 

different generations of mass selection and also over different seasons are 

presented in Tables 39 to 43. 

4.6.1.1 MSQ population : In the base population allotted for mass 

selection, oil yield / plant showed significant positive association with seed 

yield / plant (0.86985) and all the rest of the traits showed non significant 

and negative association with seed yield except plant height. Among the 

yield attributes, plant height showed positive and significant association with 

head diameter (0.28721) and stem thickness (0.27269). Plant height showed 

negative non-significant association with days to maturity and 100 seed 

weight. Head diameter with stem thickness (0.99370) and oil per cent with 

oil yield per plant (0.41346) showed negative significant positive association. 

The rest of the associations among yield attributes may be negative or 

positive but non-significant. (Table 39) 

4.6.1.2 MS J population : Head diameter and oil yield / plant showed 

significant positive association with seed yield / plant 0.23788 and 0.86116, 

respectively. Where as days to maturity showed negative significant 

association with seed yield / plant (-0.21527). Head diameter, stem thickness 
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p 

and oil per cent showed significant and positive association with oil yield / 

plant. Oil per cent with head diameter (0.25550) and stem thickness (0.28259) 

and stem thickness with head diameter showed highly significant and positive 

association (0.93471). (Table 40) 

4.6.1.3 MS2 Population : In summer season, oil yield per plant only 

showed significant positive association with seed yield (0.6800). Where as the 

trait, 100 seed weight showed negative significant association with seed yield 

(-0.55555). Oil yield per plant showed highly significant positive association 

with oil per cent (0.88597). Similarly, the stem thickness with plant height 

and head diameter with plant height showed significant positive association. 

The rest of the associations among yield attributes showed either negative or 

positive but non-significant. (Table 41) 

In kharif season, none of the yield attributes showed significant 

positive association with seed yield / plant. However, plant height recorded 

significant and negative association with seed yield / plant (-0.41491). But for 

oil yield/ plant, the yield attributes namely head diameter, stem thickness, 100 

seed weight and oil per cent showed significant and positive association. Oil 

per cent with plant height (0.41783), stem thickness (0.50117), and 100 seed 

weight (0.61625) showed significant and positive association. 100 seed weight 

with plant heigjlt and stem thickness showed significant positive association. 
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Days to maturity with stem thickness (0.41857) and stem thickness with plan 

height (0.52349) showed significant positive association. (Table 42) 

In rabi season, none of the traits showed significant positive 

association with seed yield / plant. Where as pant height and head diameter 

showed negative and significant association with seed yield / plant. Oil yield 

was positively and significantly correlated with 100 seed weight (0.69547) 

and also with oil per cent (0.58399). Plant height with head diameter 

positively and negatively with days to maturity was significantly associated. 

(Table 43) 

4.6.2 Bulk sib selection 

The data on character association among yield and yield attributes in 

different cycles of bulk sib selection and also in different seasons are 

presented in Table Numbers 44 to 48. 

4.6.2.1 BSQ Population : In the base population allotted for bulk sib 

selection, the seed yield was significantly and positively associated with oil 

yield per plant, oil per cent, stem thickness and head diameter. Where as oil 

yield per plant was positively and significantly associated with oil per cent, 

stem thickness and head diameter. The 100 seed weight with head diameter 

and stem thickness showed significant positive association with correlation 
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values 0.2369 and 0.23980, respectively. Stem thickness with head diameter 

also showed highly significant positive association (0.96991). The oil per 

cent showed significant positive association with head diameter and days to 

maturity. (Table 44) 

4.6.2.2 BSj Population : The seed yield / plant was positively and 

significantly associated with many characters viz., head diameter, stem 

thickness, 100-seed weight, oil per cent and oil yield / plant, oil yield was 

positively and significantly associated with head diameter, stem thickness, 

100-seed weight. Where as stem thickness and oil per cent plant with head 

diameter was highly significant and positive. Only one association between 

days to maturity and stem thickness was negative and significant (-0.22674). 

(Table 45) 

4.6.2.3 BSj Population : During summer in BSj population only days 

to maturity showed significant positive association with seed yield (0.46075) 

and the rest of the traits were neither positive nor negative but non­

significant. Head diameter with stem thickness (0.87956) and oil per cent with 

oil yield (0.87136) exhibited significant positive associations. (Table 46) 

During kharif season, oil yield and oil per cent were significantly and 

positively associated with seed yield. Where as oil yield was positively and 



a 
C _o 
"3 
s 
o 

"s o. o 
&. 

.a 

en 

i 
1 

bX) 
a o 
S 
C3 

a 
.2 '3 
s 
O 
a 
o ^ 

>" 5 o © 
« '-C u 

a. 3̂  

.§•2 

H 

it 

1̂ 

it 

SI 

i 

J , r 
fi 

• < * 

C-l 
Ov 
^ O 

O 

» m 
f N 
C3 
ro 
vq 
o 

* ( N 
in 
t~~ 
^ 
•o 
o 

r - i 
Ov 
oo 
•rt 

p 
O 

cr 
o 
w^ 
m 
p 
o 

* 
o 
m 
r-

o 

• 
( N 
VO 

•— f N 

^. O 

O 
o 
o 
o 
p 
— 

W-) 
o 
t ^ 
r^ 
p 
o 

* 
( N 
O 
<N 
O 

O 

* 
f N 
OO 
o 
m 

o 

. 
m 
. — 1 

m 
p 
O 

r l 

VO 
O p 
o 

1 

00 
ON 

p 
o 

o 

o 
fN o 
© 

o 
oo 

OS o 
oo 
o 

VO 

o 
p 

o 

OS 
OS 
so 

o 

1 i o § 
o _; 

o o o o o 

o o o o 

; -x 

OS 
OO 
Cs) 
• < * • 

p 
o 

r i 
r j 
p 
o 

o 
o 
c> 
o 
o 
^ 

^ 

o o 

so 

p 
o 

o o o 
o o 

0^ 
OS 
SO 
Os 

O 
O 
O 

o 

o o o o o 

00 

1 
f 
i 
i 
-a a 
X 

C 
3 

E 
2 
cy5 

o 

ap 
'5 

-a 
u 
u 

o 
o 

c 
o 
k. 

5 

1 
i 
s 

1 
1 
1 

^̂  ̂^ 
u > (U 

i n 
-4—* 

CS 

CJ 
o 

«3 

1 
C>0 

* 

<u 
> lU 

" • " " 

• * - ^ 

IS 
•M 

§ 
u 

ys 

1 
• 
* 



r> 

I 

s 
it 

CQ 

Vi 
9i 

1 

I 
1 

a o 
S 

a 
.2 
'3 
s 
o u 
a 

.0 

o 

"a. 
S 

ID 

H 

13 

If 

— 1^ 

' o 

ro » 
O o 
V O OO 
vo r^ 
—; vo 

d 

o 
o 

• 
r-
o 
VO 

—̂ 
r-4 

d 

« Ti-
l o 
0 0 
o 
•"̂  
o 

« 
«r"i 
r J 

vO 
r-; 
d 

l o 
o 
o 
o 
o 

' 

» 
•* •o 
Ov 
• ^ 

( N 

"«-
m 
OO 
u-i 
o 
d 

* 
rNi 

^ o 
( N 
( N 

« 
CT-. 
r*̂  
o 
V~i 
r̂  

o 
o 
o 
o 
o 

Si 

it 
o ^ 

CQ OS 

a g 

n 

•D ^ ^ 

I 

r^ 

— r^ 
t~~ 

—". 
d 

„^ 
»y^ 
r~ 
VO 
o 
d 

(^ 
Ov 
m 
r-
o 
d 

_̂ 
w^ 

~« >ri 
o 
d 

( N 
o 
OS 
SO 

—; 
d 

o 
o 
o 
o 
o 
— 

• ^ 

• ^ 

so 

o 
d 

—̂ ^̂  
o) 
m 
o 
d 

OO 
— OO 
<N 
o 
d 

o 
o 
o 
o 

so 
o 

•5J-

o 
OS 

•>s-
I— 
so (N 
(N 

d 

o 
o o 
o o 
— 

OS 

o 

o 
o 
o 
o 
o 

Os 

d 

o 
o 
o 
o 
o 

o 
o 
o 
o 
o 

^ - v ' = * 

i 

E o 

I u 
x: 
t i 
c 
JS 
a. 

•J5 T3 

T3 
CS 
!U 

I 

c 

E 

-a E 

O 
CS 

Q 

HI 
Q. I -a 

2 o 
oj 

> ^ 

i n ^ 

a I 
* * 



M-

I 

0 0 

OS 

s 
to 

a 
S 

T3 

D. 
O a 

PQ 

i 
I 
I 
ex) 

2 WD 

5 "S, 

si 

p 
o 

O ' ^ 
( ^ O 
ON ^ 
o o 
d d 

o oo 
OS 
p 
d 

r-
rn 

d 

oo 
o 
o 
o 
o 
o 

>o 
oo 
o 
o 
p 
d 

Ov 
Ti-
t^ 
so 

d 

t— 
so OO 
>/-l 

d 

o 
m 
so 
m 

OS 
OS 
SO 
OS 

— — r-

o 
o 
o 
o 
o 

o 
o 

•* • * 

n-sO 

rr 
•—• oo 
OS 

— 

W-i 
' — 1 

OS 
OS 
O 

OO 
rsl 

0 0 _ • 

o 
o 
o 
o 
o 

•s 3 n 
o ^ 

C8 09 

Q 1 

o 
S 
St 

e 
• « 

e 
o u 
a o 

i 
H 

5 | 

E _ 

•o "^ 
W 

3B 

f' 

oo 
'4-
r-~ 
r̂  
( N 

d 

so 
m 
so 
Cs) 

p 
d 

o 
o 
o 
o 
o 

oo 
so 
OS 

d 

oo 
oo o-

r--
oo 

OS 
O 

d 

o 
o 
o 
o 
o 

o 
o 
o 
o 
o 

s 

m 
t-~ 
so 
o 
r^ 

O 
o 
o 
o 
o 

C3 
o 
o 
o 
o 

I 
-̂̂  t i 

:a 
^ 
-̂ -c 
_3 
•. 

cu 
•s 
E 
^ 
•a 
Rl 
a> 
X 

o 
t/i 

c 

IS 
E 
o 
5̂  

3 
s E 
o 
t n 

>. CS 
Q 

i 
1 
1 
o 
o 

c 
o 
Q . 

__ 
o 

1 
O-

T3 

1 
>» 
, 'x: 

o 

c 

2 
2> 
>> 

-a 
<u 
<u t/5 

N ^ O ^ 
O ^ .—' 

^ I 

* * 



i ^> ! 

significantly associated with stem thickness and oil per cent. The rest of the 

associations were non-significant. (Table 47) 

Oil yield with seed yield (0.99211) and head diameter with oil per cent 

(0.52642) showed significant positive association during rabi season. The rest 

of the combinations showed non-significant negative or positive association. 

(Table 48) 

4.6.3 Half Sib Selection 

The data on character association among yield and yield attributes in 

different cycles of half sib selection and seasons are present in Table 

Numbers 49 to 53. 

4.6.3.1 HSQ Population : In the base population allotted for HSQ, the 

head diameter, stem thickness and oil yield per plant exhibited positive and 

significant association with seed yield. Where as head diameter, stem 

thickness and oil per cent exhibited significant and positive association with 

oil yield. Similarly head diameter and stem thickness with 100 seed weight 

and head diameter with stem thickness (0.93921) showed significant and 

positive association. (Table 49) 
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4.6.3.2 HSj population : In the HS, population, head diameter stem 

thickness and oil yield showed significant and positive association with yield. 

The rest of the characters showed either positive nor negative non-significant 

association with seed yield. Where as head diameter, stem thickness and oil 

per cent exhibited significant and positive association with oil yield. The 

hundred seed weight with oil per cent, head diameter with stem thickness and 

showed significant and positive association. Where as plant height with days 

to maturity showed negative significant association (-0.35103). (Table 50) 

4.6.3.3 HSj Population : In summer HSj population, only oil yield was 

significantly and positively associated with seed yield (0.82474) and many of 

the characters have shown non-significant negative association with seed 

yield. The oil per cent with oil yield (0.53275), 100 seed weight with oil per 

cent (0.69226) head diameter with stem thickness (0.80334) and plant height 

with head diameter (0.46349) showed significant and positive association. 

(Table 51) 

During kharif in the same HSj population, non of the characters 

exhibited significant association with seed yield either in positive or negative 

direction. However, oil per cent with oil yield (0.65944) and plant height with 

head diameter (0.44154) showed significant positive association. (Table 52) 
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ô 
o 
o 

» 
m 
<N 
O 
04 
'S; 

o 

« 
OS 

rr 
o-
t-~ 
rn 
O 

o 

<N 

' ; o 

oo 
o 
o 

OO 
o 
o 

n3 

5 

-w 
B 
U 

I Q. 

vo 
"* r^ 
p 
O 
1 

OO 
<N 

(— OO 

p o 

OS 

<̂) I — 

o 

o 

o 
o 
m 
p 
c> 
1 

» t^ 
Wl 

d 

"/•I » O 
in ^ O 
r^ Ti- o 
r ) — O 
o i~- o 
d «? - • 

o 

» o 
o- o 
oo o 
Vt O 
OS O 
• * _ ; 

d 

o 
o 
o 
o 
o 

TS 61) 

O M l 
o • « 
- 3t 

•S 2* 
V3 

E ^ 

^ u 
• a ^^ 
03 

•53 ^ 
•a E 

e ^^ 
C3 

SI 

I 

f.^A 

t^ 
t^ 
00 
OS 

p 
d 

(N 
t^ 
<N 
(̂  
p 
d 

W-) 
r»̂  
00 
00 

p 
d 

rj 

so 
0 

p d 
1 

o 
o 
o 
o 
o 

» r-1 
0 
' — 1 

10 

rn 

00 

rs| 
rsi 
00 

—' d 

vo 
Tj-
00 
00 

p 
d 

0 
0 
0 
0 
0 

Csl 

o 

o 
0 0 
0 0 

I - -

d 

o 
o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 
o 

.—. 
E 0 

-̂-
op 
"a 
x: 

c 
S, 
a. 

u 

u 
i 
•S 
-a 
a> 
1 

0 

^ ' W5 

c 

IS 
E 
u 
55 

<3 

E 

x: 
op 

'S 

-a 
u 
u (/) 
o 
o 

•e. ^ 

Q -

a. 

u 
• > . 

T3 
U 

— 9^ 1) > 
> i^ 

0 

bn 
* 

* 
* 



=3 

o. 
o a. 
a 
_o 
*+-
k. 

a v 
CD 

en 

S 

i 
1 
I 
I 
a 

o 

a 
o 

_« ON 

o 2 

S S 

in 

IS 
ft 

IS 

•a 01 

o .2P 
o 'S 
- * 

o :̂-

Q E 

^ s 

E ^ 

T3 o 

I t 

X 

r 

o 
o 

._ lO 
\o 
<N 
0 

O^ 
0 

•* m 
r-i 

>o 
m 
vo 
0 
(N 

• * 

(N 
ao 
(N 
0 
0 

• 

-* r--
-* 
ao 

0 
0 
0 
0 
0 

t^ 
r-

o 0 
>o 
vo 
0 

p 
0 

Ol 

•̂  vo 
r--
(N 
0 

* v^ 
r^ 
(N 
ro 
»ŷ  
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In rabi HSj population, only one character, oil yield significantly and 

positively associated with seed yield (0.58497). Plant height with 100 seed 

weight, stem thickness with days to maturity exhibited significant positive 

association. Significant and negative associations were found between stem 

thickness and 100 seed weight (-0.50685) and plant height with stem 

thickness (-0.57952) and days to maturity (-0.47816). (Table 53) 

4.6.4 Full Sib Selection 

The results of the character association among yield and yield attributes 

in different cycles of fiiU sib selection and season are presented in tables 54 

to 58. 

4.6.4.1 FSQ Population : In the FSQ population, head diameter, stem 

thickness and oil yield were positively and significantly associated with seed 

yield. Where as oil yield exhibited significant and positive association with 

three characters viz., head diameter (0.20279), stem thickness (0.20814) and 

oil per cent (0.25693). The head diameter with stem thickness also showed 

significant positive association (0.94497). (Table 54) 

4.6.4.2 FSj Population : The three characters viz., plant height and 100 

seed weight and oil yield / plant showed positive and significant association 

with seed yield / plant. Among character associations, head diameter with 
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stem thickness (0.93762) and plant height (0.32181) and plant height with 

100-seed weight (0.23597) showed significant and positive association. Where 

as oil yield / plant showed significant positive association with plant height, 

100 seed weight and oil per cent. (Table 55) 

4.6.4.3 FS2 Population : IXiring summer none of the traits have shown 

significant positive association with seed yield. Where as oil yield was 

positively and significantly associated with plant height, head diameter, stem 

thickness, days to maturity and oil per cent. The 100 seed weight with plant 

height (0.66611), days to maturity with head diameter and stem thickness, 

stem thickness with plant height and head diameter showed significant and 

positive association. (Table 56) 

In kharif season also none of the traits showed significant association 

with seed yield. However, oil yield showed significant positive association 

with oil per cent only (0.56785). There were positive significant association 

between oil per cent and days to maturity (0.46096) and negative significant 

associations between oil per cent and 100 seed weight (-0.58003). The 100-

seed weight exhibited positive and significant association with the both 

characters head diameter and stem thickness. The stem thickness with head 

diameter and head diameter with plant height showed significant positive 

association. (Table 57) 



/Q% 

I 
i 
I 

I 
1 
1 
a 
o 
& 

s 
.2 
IS 
o 

a 

L. 
O 
U 

c« 

1 ^ 
ft 

M 2 
"3 — 

oo 

o 

r-
i ^ 

I ^ 
vO 
r̂  
o 
d 

1 ^ 
( N 
c*-i 
r̂  
W-) 

» o 

— o 
oo O 
fN O 

o 

o 

— 
ro 
fN 
O 

d 

« 
VO 

W j 

» 
o 
. — 1 

(N 

c 
o 
o o 
o 

1̂ 

o Sf e 'S 

o £:> 

o e 

S 

.2f 
J= E 

51 

o 
d 

c 

d 
o 
d 

o 
d 

1 

o o 
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The same FSj population in rabi season, showed significant positive 

association of seed yield with 100 seed weight and oil yield. Where as oil 

yield showed positive and significant association with 100 seed weight 

(0.73640). The rest of the character associations were either positive or 

negative but not significant. (Table 58) 

4.6.5 Selfed Population 

The results of the character association among yield and yield attributes 

and seasons are present in Table Nos. 59 to 63. 

4.6.5.1 SQ Population : In the plot allotted for selfing series, seed yield 

was positively and significantly associated with head diameter, stem thickness 

and oil yield / plant. Where as oil yield / plant showed positive and 

significant association with head diameter, stem thickness and oil per cent / 

plant. Days to maturity with stem thickness (0.29055) and stem thickness with 

head diameter (0.39704) showed significant and positive association. The rest 

of the associations were positive or negative but not significant. (Table 59) 

4.6.5.2 Sj Population : In S, population, seed yield with oil yield 

(0.35624), oil per cent with days to maturity (0.24740) and thickness with 

head diameter (0.62975) showed significant and positive association. 

(Table 60) 
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4.6.5.3 S2 Bulk Population : During summer, seed yield was positively 

and significantly associated with oil per cent (0.46959) and oil yield 

(0.77527). Where as oil yield / plant showed significant positive association 

with oil per cent (0.82278) only. The 100 seed weight showed negative 

significant association with days to maturity (-0.44324), stem thickness 

exhibited positive significant association with head diameter (0.75328). 

(Table 61) 

In Sj bulk population of kharif season, seed yield was positively and 

significantly associated with stem thickness (0.41815) and oil yield / plant 

(0.76242). Negative and significant association was observed between seed 

yield and oil per cent (-0.40235). Similarly, oil yield / plant showed negative 

and significant association with oil per cent (-0.43451). The character oil per 

cent / plant showed significant and positive association with head diameter 

(0.59029) and 100 seed weight (0.42327). The 100 seed weight with head 

diameter (0.87388) and head diameter with plant height (0.40260) showed 

significant and positive association. (Table 62) 

During rati season in the same Sj bulk selfed population, seed yield 

was significantly and positively associated with 100 seed weight (0.52838) 

and oil yield (0.41473). Where as oil yield / plant positively and significantly 

associated with oil per cent (0.65871). The 100 seed weight with head 
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diameter and stem thickness with plant height showed significant and positive 

association. The rest of the associations were neither positive or negative but 

not significant. (Table 63) 

4.7 PATH COEFFICIENT ANALYSIS 

Correlation coefficients do not project complete picture especially when 

the causal factors are inter-related. The correlation coefficients between seed 

yield and each of its component characters are partitioned into the 

corresponding direct and indirect effects through path co-efficient analysis. 

4.7.1 Mass selection 

Path coefficient analysis of different traits in various generation 

populations of mass selection are presented in Table Numbers 64 to 68. 

4.7.1,1 MSff population : In the base population allotted for mass 

selection, oil yield / plant showed very high direct effect (1.0892) on seed 

yield / plant whereas oil per cent showed high negative direct etfect on seed 

yield (-0.5294). The direct effects of head diameter, stem thickness, days to 

maturity and 100 seed weight on seed yield were negligible. (Table 64 and 

Fig. 1) 
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OS ^ 

VO o 

oo g 
n o 

o 
o 
o 
1 = 
o 

o 
o 
o 
o 
o 

'S 

a. 

o 

1 

X 

o 

C/5 

c 
o 
IS 

E 
iJ5 

3 

E 

Q 

5 

1 
c 
o 
<u 
a. 

O 

i 

1 
"̂  

-—• 
-29 

1 

i 
(A 

OJ > 
> lU 
ID — 

— xO 
xp o^ 

C3 O 
u in 

l l 
on * 
* * 



f̂  
o 

Vi 

v> 

e 
a 

"3 a. 

cs 

4^ 

S 

•c 

1 
I 
.a 

B 

a 
'3 

4> 

H 

I? 

^ 

•g M 

O M) 

03 flS 

n 

si 

o o 
o o 
o o 
o o 

c 
o 
o 
o 

o 
o 

o 
o 
o 

a 
0 0 

•~~ r-i 
o 

1 

r< 
9-
ae 
e 
--

« 
0^ 
O^ 
VO 

O 

>/-i 
f ^ 
• * 

^ o 

;^ « — 2 o S •* o o o 2 o S =• g o c S o Ĵ  •̂ ' 
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Fig 1 Path diagram for yield and yield attributes in the base population of Sunflower 
allotted for mass selection (MS,,) 
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4.7.1.2 MS J popidation : The oil yield / plant showed very high direct 

effect on seed yield / plant (1.1079). Plant height, head diameter and days to 

maturity exhibited negligible direct effects on seed yield / plant. The direct 

effect of oil per cent on seed yield / plant was negative and high (-0.5335). 

The 100 seed weight also showed negative direct effect but negligible. 

Though the direct effect of head diameter on seed yield is low (0.0215) but 

its significant positive correlation is due to indirect effect of oil yield / plant 

through head diameter. Similarly days to maturity showed negligible direct 

effect on seed yield / plant but its significant negative correlation is 

contributed indirectly by oil yield / plant through days to maturity. (Table 65 

and Fig. 2) 

4.7.1.3 MS2 population : During summer season, oil yield / plant 

showed very high direct effect of 2.2530 on seed yield / plant. Though oil 

per cent exhibited very high negative direct effect (-1.7649) on seed yield, its 

effect was nullified by showing very high positive indirect effect through oil 

yield / plant. The 100 seed weight showed positive direct effect but its 

negative significant correlation with seed yield/ plant is due to moderate to 

high negative indirect effects of oil per cent and oil yield / plant through 100 

seed weight. (Table 66 and Fig. 3) 
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Fig 2 Path diagram for yield and yield attributes in MS, generation population 
of sunflower 
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Fig 3 Path diagram for yield and yield attributes in MS^ generation population 
in sunflower during summer, 1998-99. 
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Where as in kharif season, oil yield / plant showed very high direct 

effect (0.6911) on seed yield / plant followed by oil per cent (0.3942). The 

significant negative correlation of plant height on seed yield is because of 

moderate negative direct effect of plant height on seed yield (-0.2563) 

followed by indirectly through head diameter, stem thickness, days to maturity 

and 100 seed weight. (Table 67 and Fig. 4) 

During rabi season, none of the characters showed very high and high 

direct effects on seed yield / plant. However, the trait oil per cent showed 

low direct effect on seed yield / plant (0.1628). Highly negative direct effect 

was exhibited by plant height on seed yield (-0.4412) and that has resulted 

negative significant correlations between plant height and seed yield / plant. 

Similarly, significant negative correlations between head diameter and seed 

yield / plant is because of exhibition of moderate negative direct effect of 

head diameter on seed yield / plant. The direct effects of other characters on 

seed yield were negligible. (Table 68 and Fig. 5) 

4.7.2 Bulk sib selection 

Path coefficient analysis of different traits in various generation 

populations of bulk sib selection are presented in Table Numbers 69 to 73. 
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Fig 4 Path diagram for yield and yield attributes in MS^ generation population 
of sunflower during Kharif, 1999. 
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Fig 5 Path diagram for yield and yield attributes in MS^ generation population 
of sunflower during/?fl6i 1999. 
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4.7.2.1 BS(f population : In the base population allotted for bulk sib 

selection, oil yield per plant showed maximum direct effect of 1.0638 on seed 

yield / plant and that has resulted significant positive correlation between 

them. Though the direct effects of oil per cent, stem thickness and head 

diameter on seed yield / plant were low, the significant positive correlations 

exhibited by these characters is because of high indirect effects of oil yield/ 

plant through all these characters. (Table 69 and Fig. 6) 

4.7.2.2 BSj population : Oil yield / plant showed very high direct 

effect on seed yield / plant and has resulted positive correlation. The other 

traits showed negligible, direct effects on seed yield either in positive or 

negative direction. The significant positive correlation between oil per cent 

and seed yield / plant resulted because of very high indirect effect of oil 

yield/ plant through oil per cent. The poshive significant correlations of the 

traits like 100 seed weight, stem thickness and head diameter on seed yield 

/ plant resulted through indirect effect of oil yield / plant through all these 

characters. (Table 70 and Fig. 7) 

4.7.2.3 BS2 population : During summer, oil yield / plant showed very 

high direct effect on seed yield / plant (1.8786). However, it has not resulted 

into significant positive correlations of very high negative indirect of oil per 

cent through oil yield / plant. The direct effects of other characters were 
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ô  
00 
• * 

o 
d 

r̂i 

o 
o 
d 

o o o o o 
;* S S S E 
o S = !S "^ 
"^ 9 o "^ so 
^ O o O (—5 

VO 
VO 

o 

© 
o 

o 
o i § 

n d 

"-• _ w~i ^ 
» 1 — ' 

o o 

i O 
O 
d 

—< U-, JN r ^ 

s => s ^ 
O o ^ O 
<= o P o 
"^ d © d 

o 
d 

<N 

o 
m 
vq 
d 

ON 

o 
d 

fN 
r^ 
O 
d 
1 

o o 
d 

O 
II 

JG 

H 

i 

1 
J 
a. 

E 
U 
C 
o 
In 

E 
55 

E 
o 

ca 
Q 

x: 
.2P 
'S 
T3 
U 
U 

on 

o 

c 
o 

D. 

O 

1 
1 
5 

1 — 

-a 
u I 

IT) 

o 
OS 

d 

oi 



/(V 

Fig 6 Path diagram for yield and yield attributes in the base population of sunflower 
alloted bulk sib selection (BS.). 
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Fig 7 Path diagram for yield and yield attributes in BS^ generation population of 
Sunflower 
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negligible. The significant positive correlation of days to maturity with seed 

yield / plant is because of indirect effects of oil per cent and oil yield / plant 

through days to maturity. (Table 71 and Fig. 8) 

During kharif season, oil per cent showed high direct effect on seed 

yield / plant (0.6429) followed by oil yield / plant (0.1450). The stem 

thickness also showed high direct effect on seed yield but in negative 

direction (-0.4082). The significant correlation between oil yield / plant with 

seed yield / plant is because of maximum indirect contribution of oil per cent 

through oil yield / plant. (Table 72 and Fig. 9) 

In rabi season, oil yield / plant and stem thickness exhibited high 

direct effects on seed yield / plant followed by moderate direct effects by 

plant height and head diameter. The other characters showed negligible direct 

effects on seed yield / plant. (Table 73 and Fig. 10) 

4.7.3 Half sib selection 

Path coefficient analysis of different traits in various generation 

populations of half sib selection are presented in Table Numbers 74 to 78. 

4.7.3.1 HSQ population : In the base population allotted for half sib 

selection, oil yield / plant showed very h i ^ direct effect on seed yield / plant 
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Fig 8 Path diagram for yield and yield attributes BS^ generation population of Sunflower 
during sK/nmer, 1998-99. 
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Fig 9 Path diagram for yield and yield attributes BS^ generation population of Sunflower 
during/sT/iari/; 1999. 
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Fig 10 Path diagram for yield and yield attributes BS^ generation population of Sunflower 
Anr'mg Rabi, 1999 
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and resulted in significant positive association. The oil per cent also traits 

high direct effect on seed yield / plant but negative in direction. The direct 

effects of the other traits were negligible. However, positive significant 

association of head diameter and stem thickness with seed yield resulted 

because of high indirect effects of oil yield / plant through head diameter and 

stem thickness (Table 74 and Fig. 11). 

4.7.3.2 HS] population : Oil yield / plant showed very high direct 

effect on seed yield / plant (1.1339) and that has resulted significant positive 

correlation. Oil per cent showed high negative direct effect on seed yield / 

plant (-0.5265) and its effect was nullified by positive indirect effect of oil 

yield / plant. The other characters showed negligible direct effects on seed 

yield / plant. The positive significant association of stem thickness and 

head diameter with seed yield / plant resulted due to high indirect effects of 

oil yield / plant. (Table 75 and Fig. 12) 

4.7.3.3 HS2 population : During summer season, oil yield / plant 

showed very high direct effect on seed yield / plant (1.1952) and uUimately 

resulted in positive significant association. The attribute oil per cent showed 

high negative direct effect on seed yield / plant (-0.6584) and its eflbct is 

nullified by indirect effect of oil yield / plant. The rest of the characters 

direct effects showed little influence on seed yield / plant. (Table 76 and 

Fig. 13) 
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Fig 11 Path diagram for yield and yield attributes in the base population allotted for half 
sib selection (HS_) in Sunflower. 
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Fig 12 Path diagram for yield and yield attributes in the (HS,) generation population of 
Sunflower. 
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Fig 13 Path diagram for yield and yield attributes in the HS^ generation population of 
Sunflower during summer 1998-99. 
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In kharif, oil yield / plant and stem thickness exhibited high direct 

effects on seed yield / plant and has not resulted in significant positive 

association because of many of indirect effects were negative in direction. 

The traits days to maturity and oil per cent exhibited negative indirect effects. 

(Table 77 and Fig. 14) 

In rati season, oil yield / plant exhibited high direct effect on seed 

yield / plant and resulted in significant positive correlafion. Plant height and 

stem thickness showed high negative direct effects (-0.3207) and (-0.4144) 

respectively on seed yield / plant. The other characters direct effects had little 

influence on seed yield / plant. (Table 78 and Fig. 15) 

4.7.4 Full sib selection 

The direct and indirect effects of various traits on seed yield / plant 

in various traits on seed yield / plant in various generation populations of full 

sib selection are presented in Table Numbers 79 to 83. 

4.7.4.1 FSff population : In the base population for full sib selection, 

oil yield / plant showed high direct effect on seed yield / plant and ultimately 

resulted in significant positive correlation. Significant positive correlation 

between stem thickness and seed yield / plant resulted due to direct effect of 

0.2508 and indirect effect of 0.1913 of oil yield / plant through stem 
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ŵ  

o p 
d d 

o 
d 

o 

o 
oo 
•rt 
p 
d 

t ^ 
t n 
0 0 
p 
d 

f * i 
c^ 
<3' 
O 

d 

oo 
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Fig 14 Path diagram for yield and yield attributes in HS^ generation population of 
Sunflower during Kharif, 1999. 
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Fig 15 Path diagram for yield and yield attributes HS^ generation population of 
Sunflower during Rati, 1999. 



h\ 

thickness. Though the direct effect of head diameter is negative (-0.1841) on 

seed yield / plant, but the positive significant association resulted as a result 

of maximum indirect effects of stem thickness (0.2370) and oil yield / plant 

through head diameter. (Table 79 and Fig. 16) 

4.7.4.2 FSj population : In the FS, population, oil yield / plant 

showed high direct effect on seed yield / plant (0.9872) and resulted in 

significant positive association. The other traits showed negligible direct 

effects. However, positive significant correlation was found between plant 

height and seed yield and 100 seed weight with seed yield / plant. This is 

due to maximum indirect contribution of oil yield through plant height and 

100 seed weight. (Table 80 and Fig. 17) 

4.7.4.3 FS2 population : During summer season, oil per cent (0.5424) 

and head diameter (0.4451) showed high direct effects on seed yield / plant. 

However, they have not influenced significant positive association mainly 

because of many of negative indirect effects of other characters. Oil yield / 

plant (-0.7676) and days to maturity (-0.4826) showed high negative direct 

effects on seed yield / plant. (Table 81 and Fig. 18) 

During kharif, 100 seed weight showed high direct effect (0.9453) on 

seed yield / plant followed by medium direct effects by oil per cent, plant 
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Fig 16 Path diagram for yield and yield attributes in the base population allotted for full 
sib selection (FS,,) in Sunflower. 
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Fig 17 Path diagram for yield and yield attributes in FS, generation population of 
Sunflower. 
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Fig 18 Path diagram for yield and yield attributes in FS^ generation population of 
Sunflower during summer 1998-99. 
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height and oil yield / plant. However, none of the traits exhibited positive 

significant association with seed yield / plant. (Table 82 and Fig. 19) 

In rati season, oil yield / plant exhibited high direct effect of 0.3344 

on seed yield/ plant. The negligible direct effect of 100 seed weight on seed 

yield / plant (0.1781) was recorded. However, significant positive correlations 

of 100 seed weight and oil yield / plant with seed yield/ plant was due to 

mainly by their direct effects. (Table 83 and Fig. 20) 

4.7.5 Selfed populations 

The direct and indirect effects of various traits on seed yield / plant 

in various generation populations of selfing series are presented in table 

numbers 84 to 88. 

4.7.5.1 Sff population : In the base population allotted for selfing series, 

oil yield / plant showed very high direct effect on seed yield / plant and 

ultimately resulted in significant positive correlation. Where as oil per cent 

showed high negative direct effect on seed yield / plant (-0.3677). Significant 

positive association of head diameter an stem thickness with seed yield / plant 

resulted due to indirect influence of oil yield / plant. (Table 84 and Fig. 21) 
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Fig 19 Path diagram of yield and yield attributes in FS^ generation population of 
sunflower during Kharif 1999. 
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Fig 20 Path diagram of yield and yield attributes in FS^ generation population of 
sunflower during Rabi 1999. 
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Fig 21 Path diagram of yield and yield attributes in the population allotted for selfed 
progeny (S„) 
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4.7.5.2 S, population : Only one trait oil yield / plant showed high 

direct effect on seed yield / plant and resulted in significant positive 

correlation. The other traits showed very low and negligible direct effects. 

(Table 85 and Fig. 22) 

4.7.5.3 S2 population : In summer season, in the Sj bulk population, oil 

yield / plant showed very high direct effect (1.7409) on seed yield / plant. 

Where as oil per cent exhibited very high negative direct effect (-1.1527) on 

seed yield / plant. However, the oil per cent showed significant positive 

correlation with seed yield / plant because of very high indirect effect of oil 

yield / plant (1.4324) through oil per cent. The stem thickness also showed 

high negative direct effect (-0.7991) and its effects is nullified by indirect 

effect of head diameter through stem thickness. The head diameter itself 

showed high direct effect of 0.8004 on seed yield / plant. However, it had 

not showed significant positive correlation with seed yield / plant and this is 

because high negative indirect effect exhibited by stem thickness (-0.6020) 

through head diameter. (Table 86 and Fig. 23) 

hi kharif season, high direct effects were exhibited by oil yield / plant 

and head diameter. The significant association of oil yield / plant and stem 

thickness with seed yield / plant resulted due to direct effects mainly. The 

100 seed weight showed high negative direct effect (-0.5045). Though head 
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Fig 22 Path diagram of yield and yield attributes in the S, generation population of 
sunflower 
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ô  
o w-l 
rs 
o 

• ^ 

e 

— in 
•* 
p 
o 

r-̂  
lo 
r-l 
rn 
o 
1 

o 
00 
vO 
<3 
O 

i n 

o 

ON 

.2 ^ 

a 

- I 
00 

»n 
o 
o 
o 

ON 
<N 
O 
VO 

.̂ Ov 
Ov 
t-~ 
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Fig 23 Path diagram of yield and yield attributes in Ŝ  generation population of 
sunflower during summer 1998-99. 
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Fig 24 Path diagram of yield and yield attributes in Ŝ  generation population of 
sunflower during AT/iari/, 1999. 
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ô  
• * 

0 0 

p 
d 

00 ^ — 

'* 5 j::" 
00 vo o 
o o '̂ ! 
«? o ? 

— o 
o —. 
d d 

00 <N 
r- o 
— o 
d d 

00 

p 
d 

"5 a- S 
^ fN •= 
V) ^^ m 
f i o - . 
o d =? 

m 
vo 
—̂ p 
d 

ro 
0 0 

p 
d 

( N 

•̂  0 
( N 

d 

• * 

( N 
»/~i 

p 
d 

00 
o 

•^ _^ 3 - U-, 
^ ( N •* . ^ 

f^ 5! J^ o 
«S o ° 1-
p d P d 

o d d d 

u 

2 

o 00 ~ ^ 
• * ON ^ 'S-
— 00 "* r^ 
M O "". p 
d d •=? o 

O S 
w 
< — 1 

m 
( N 
0 

yrt 

m 0 

*A1 '— o 
o 

o 
o 

E 

•a 

E 
o 

I 
H 

_« u £J 

3 

E 

D 

^ s 
-a 
u 
u 

O 
O 
i i O 

O 

o 

I 
en 

Cii 



'\ rj, 

Fig 25 Path diagram of yield and yield attributes in Ŝ  generation population of 
sunflower during Rati 1999. 
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diameter showed high direct effect (0.3476) on seed yield and its effect is 

nullified by negative indirect effect of lOO-seed weight (-0.4409). (Table 87 

and Fig. 24) 

In rabi season, lOO-seed weight (0.6886) and oil yield / plant (0.4244) 

showed high direct effects on seed yield / plant and ultimately resulted in 

significant positive association. The direct effects of other traits on seed yield/ 

plant were negligible. (Table 88 and Fig. 25) 

4.8 GENOTYPE X ENVIRONMENT INTERACTION AND 

STABILITY ANALYSIS OVER THE LOCATIONS 

The analysis of variance for stability as suggested by Eberhart and 

Russel (1966) was carried out for 7 populations of sunflower and the 

results are presented in Table 89. 

Variance due to populations when tested against population X 

environment as well as pooled error were significant for all the characters 

under the study (Table 89). This indicated that the average performance of 

the populations in respect of eight characters varied significantly in different 

environments as well as the populations differed among themselves in average 

performance over all the environments. 

There was a pronounced effect of five environments on head diameter 

and 100 seed weight. On contrary the remaining characters viz., plant height, 

stem thickness, days to maturity, oil percent, oil yield and seed yield did not 

vary significantly indicating the stability of these characters in all the 

populations over five environments. 
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The populations X environment interaction was further partitioned into 

two sources i.e., linear and non-linear (Pooled deviation components) the 

mean squares due to population X environment (Linear) was significant for 

oil percent only where as it was non-significant for all the remaining 

characters. The individual population deviation for specific characters was 

significant indicating the instability of populations for most of the characters. 

The non-linear interaction between population X environment revealed 

that all the populations exhibited significant differences over environment for 

head diameter, stem thickness, oil percent and oil yield. In case of plant 

height, Morden population has shown considerable stability where as half sib 

population exhibited stability for days to maturity over the environments. 

Similarly considerable stability among the populations i.e., mass selection, 

half sib, selfed progeny and Morden was revealed for 100 - seed weight 

whereas selfed progeny exhibited stability over environments for seed yield. 

4.8.1 Stability analysis 

Seven populations of sunflower were grown in 5 environments i.e., 

Nandyal, Sirivella, Mundlamothukapalli, Penukonda and Badwel during 

Rabi 1999. 
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94.21 cm (MSFH-17). The regression values ranged form -2.518 (mass 

selection) to 5.253 (MSFH-17) and only the two populations i.e., Morden and 

MSFH-17 recorded significant regression values as well as significantly 

different from unit values i.e., bi=l.() (Table 91). The deviation from 

regression ranged form -10.20 (Morden) to 40.38 (mass selection) and only 

three genotypes (mass selection, fiiU sibs and bulk sibs) showed significant 

deviation from zero. 

4.8.2.2 Head diameter : The population recorded a range of mean in 

head diameter form 7.96 cm (Selfed progeny) to 17.22 cm (fiill sibs) with 

a general mean of 12.63 cm over five environments (Table 92). The 

regression of head diameter on environmental index was in the range of 0.16 

(MSFH-17) to 1.84 (fiiUsibs) of which the three genotypes i.e., selfed progeny 

mass selection and fuUsib populations recorded significant bi values. Only one 

population i.e., ftillsibs showed significant deviation from unity. The deviation 

from regression had shown significant difference form zero in five populations 

whereas in the other two genotypes it was not significant form zero. 

4.8.2.3 Stem thickness : This trait recorded a general mean of 1.49 cm 

thickness and the individual population means ranged from 1.08 cm (mass 

selection) to 1.88 cm (fiiU sibs). The regression of stem diameter on 

environmental index was significantly different form unity in two genotypes 
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i.e., half sibs and Morden whereas the remaining genotypes recorded non­

significant deviation from unity (Table 93). The deviations from regression 

were significant in all the populations except bulksib and half sib populations. 

Significant regression values were recorded for half sib, selfed progeny and 

bulksib populations. 

4.8.2.4 Days to maturity : The seven populations had a mean maturity 

duration of 80.32 days over the five environments (Table 94) and the mean 

maturity of individual populations ranged from 77.64 days (selfed progeny) 

to 83.12 days (MSFH-17). The regression values on environmental index 

ranged from -0.44 (Morden) to 2.41 (half sibs) but only three populations i.e. 

half sibs, self progeny and bulk sibs expressed significant regressions. Only 

the lull sib population had the significant deviation of regression from unity. 

The deviations from regression (S^̂ j) ranged from -0.060 (full sibs) to 6.53 

(mass selection) and these were significant in all the genotypes except half 

sib, fiill sibs, and Morden populations. 

4.8.2.5 100-Seed weight : The mean seed weight among the seven 

populations ranged from 2.85 g (selfed progeny) to 4.748 g (ftill sibs) with 

a general mean of 3.64 g (Table 95). The regression co-etTicients were 

significant for fiill sibs, half sibs and MSFH-17 but none of the regressions 

exhibited significant deviation from unity. The mean square deviations form 



regression were not significant in mass selection while these were significant 

for all the remaining populations. 

4.8.2.6 Oil per cent : An average oil per cent of 33.28 per cent was 

recorded over the populations with the mean oil per cent of populations were 

in the range of 28.59% (MSFH-17) and 39.11% (selfed progeny). The 

regression co-efficients of genotypes ranged firom -0.208 (full sibs) to 3.60 

(bulk sibs) and were significant for bulk sibs and mass selection genotypes 

(Table 96). The regression co-efficients of foil sibs, MSFH-17 and bulk sibs 

were found to be significant from unity where as the remaining regressions 

of genotypes were not significant from unity. However, the mean square 

deviations from regression were found significantly different form zero in all 

the populations except bulk sibs. 

4.8.2.7 Oil yield : The genotypes recorded a range of oil yield from 

6.98 g (mass selection) to 13.28 g (foil sibs) with a mean oil yield of 9.40 

g over the five environments (Table 97). The regression coefficients were 

registered in a range of -1.299 (foil sibs) to 2.253 (mass selection). The 

regression co-efficients of three populations i.e. mass selection (2.253), selfed 

progeny (1.944) and MSFH-17 (1.469) were significant while the remaining 

regressions were non-significant. However, the regression co-efficients of foil 

sibs and selfed progeny genotypes were found to be significantly different 
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from unity and the squared deviations from regression were significant in all 

the populations. 

4.8.2.8 Seed yield : An average seed yield of 7.760 kgs/plot was 

recorded over the populations with the mean yield of genotypes were in the 

range of 4.36 kg/plot (16 g / plant) (selfed progeny) to 10.61 kg/plot 

(39.28 g/plant) (ftill sibs). The regression coefficients of six population except 

selfed progeny were not significant from unity (Table 98). However, the mean 

square deviations from regression were found significantly different in all the 

populations except selfed progenies. 

4.9 GENOTYPE X ENVIRONMENT INTERACTION AND STABILITY 

ANALYSIS OVER DIFFERENT DATES OF SOWING : 

The analysis of variance for stability was carried out for 7 populations 

of sunflower sown at 5 different dates of sowing i.e. 15th November 

(Environment I), 1st December (Environment II), 16th December 

(Environment III), 2 January (Environment IV) and 16th January 

(Environment V) at Agricultural Research Station, Nandyal, during Rabi 1999 

and the results are ftimished in Table 90. 

Variance due to populations were significant for all the characters 

except head diameter, stem thickness and oil per cent when it was tested 
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against populations x environment. However, when they were tested against 

pooled error it was significant for all the characters. This indicates that the 

average performance of the populations differed significantly in various traits 

over environments as well as among themselves in all the environments. 

However, head diameter, stem thickness and oil per cent did not vary 

significantly indicating the stability of these characters in all the populations 

over the five different dates of sowing. 

The population and environment interaction was further partitioned into 

linear and non-linear (pooled deviation) components. The mean square due 

to population x environment (linear) was significant for four characters i.e. 

oil per cent, days to maturity, 100-seed weight and stem thickness whereas 

for remaining characters viz., plant height, head diameter, oil yield and seed 

yield indicating their stability in all environments. The individual population 

deviation for specific characters indicated the instability of population for 

most of the characters as they were significant. 

The non-linear interaction between population x environment revealed 

that three populations viz., half sibs, mass selection and MSFH-17 exhibited 

significant differences over dates of sowing for plant height where as the 

remaining four populations were found to be stable. Similarly, full sib, selfed 

progenies and Morden variety expressed considerable stability over the 
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different dates of sowing for head diameter. All the populations exhibited 

instability in respect of stem thickness, oil per cent and seed yield. On 

contrary, all the populations except Morden and selfed progenies showed 

considerable instability for days to maturity over different dates of sowing. 

ITie Morden population also displayed stability for 100-seed weight over the 

different environments (dates of sowing). 

4.9.1 Stability analysis 

The mean performance of populations over five different dates of 

sowing and environmental index for each of these date of sowing are 

presented in Tables 100 to 107. Environment V (16th January sowing) was 

found to be superior to other environments for head diameter, days to 

maturity and stem thickness followed by environment IV for seed yield, oil 

yield and early maturity, environment I for oil per cent and 100 - grain 

weight and environment III for plant height. However, some of the 

populations did not show any deviation in their performance for some of the 

characters in all the dates of sowing. The character wise mean performance 

of the populations over five dates of sowing based on environmental index 

and environmental standard deviation is presented below : 

4.9.1.1 Plant height : The best environment for this character was 

environment II (IJ - 10.37) with a mean plant height of 90.7 cm (Table 100). 
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There was considerable reduction in plant height in all the populations in 

15th November and 16th December sowings (IJ = -8.82 and IJ = -7.28). 

Minimum environmental deviation in plant height among five environments 

was recorded by Morden population (ESD = 5.67) where as the highest 

deviation was recorded by half sibs population (ESD = 16.34). 

4.9.1.2 Head diameter : The environmental index over five dates of 

sowing for head diameter (Table 100) showed considerable differences 

among them where 16th January sowing (IJ = 3.627) was found to be 

superior over the other sowings followed by 16th December sowing (IJ = 

1.37) contrary to this, the remaining three dates of sowing showed inferiority 

over the other sowings. Maximum mean head diameter of 12.57 cm was 

recorded by all the populations with 16th January sowing while least diameter 

(8.41 cm) were expressed with 2 January sowing. Among all the populations, 

maximum head diameter was expressed by full sibs (18.16 cm) followed by 

half sibs (16.60 cm) with 16 January sowing. The most stable population was 

found to be selfed-progenies (ESD = 1.28) where as full sib population was 

the most unstable (ESD = 3.61) for this character. 

4.8.1.3 Stem thickness : The environmental index for this trait for 16th 

January (IJ = 0.162) and 16th December sowing (IJ = 0.113) showed 

superiority of these dates of sowing over the remaining sowings with their 



> ' " j v 

a 
9i 

a o u 
'> 
B a> 

> 

h. 

I 
a 

o 
IK 

a 
o a 
bX) 

• * -

s 

T3 

a 

a 
OS 

S 

a 
^^ 
- WD 

«.s 
a> ^ 

ic 1/1 
O 
o 
_9> 

IS 
H 

s 

s 

-a 
V 

ffi 

C/) 

2 

2 a 

> 

B 

> 

>̂  
B 

1—1 

B 

> 
B 

> 
B 

a. 
t 
B 

o 

* 
* 

ON 

m 
o 

oo 

O 

o6 

en 

o 

13 

* 
* 

* 

CO 

00 

oo 
ON' 

0^ 
oo 

O 

od 

'35 

3 
CQ 

* 
* 
oo 

m 

* 

m 

• < 1 -

ON 

O 

O 

OO 

od 

O 

oo 
od 

o 
o 

'c/3 

OS 

o 
o 

* 
* 
oo 
oo 
oo 

od 

r-4 

o 

oo 

o 

ON 

O 
O 

O 

o 

ON 

OO 

O 

od 

o 
oo 
od 

^ 

K 

as 
iri 

O 

T3 

o 

00 

o 

od 

IT) 

o 

00 
ON 

ON 

OO 

od 

c 

o 

2 

* 
* 

o 

ON 

O 

ON 

00 

od 

NO 
NO 

o 
o 

• ^ 

K 

o p 

00 

en 

ON 

od 

2 



^ • " ^ N 

respective stem thickness of 1.29 cm and 1.24 cms (Table 101). Maximum 

stem thickness of 2.18 cm and 2.10 cm was expressed by full sibs with 16 

January and 16 December sowings respectively whereas least stem diameter 

was recorded by selfed progenies (0.74 cm) with 1st December sowing. In 

general, full sibs recorded maximum stem diameter (1.66 cm) while selfed 

progenies recorded least stem thickness (0.81 cm) overall the five dates of 

sowing. However, based on environmental standard deviation, selfed progenies 

were found to be most stable with a ESD of 0.06 whereas full sibs were the 

most unstable with ESD of 0.52 for this character. 

4.9.1.4 Dc^s to maturity : Based on the environmental index, the best 

environment for the expression of this character was 1 December sowing 

(IJ = -0.66) followed by 2 January sowing (IJ = -0.149) with a mean maturity 

duration of 80.6 days and 82.05 days (Table 102). The most stable population 

in respect of maturity duration was found to be mass selection (ESD = 0.22) 

where as selfed progenies showed considerable variation in maturity among 

five dates of sowing with a higher environment standard deviation 

(ESD=2.40). 

4.9.1.5 100 - Seed weight: The highest seed weight was expressed by 

full sibs with 2nd January sowing (5.42 g), and 15th November sowing 

(5.26 g) where as the lowest 100 seed weight was recorded by mass selection 
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(2.14 g) with 16th January sowing (Table 103). hi general, fiill sib population 

registered highest mean seed weight (4.44 g) where as selfed progenies 

recorded the lowest mean seed weight (2.70 g) over the different dates of 

sowing. The environmental index values revealed that 15th November sowing 

was found to be best for the expression of this character (IJ = 3.70). The 

Morden populations exhibited more stability in its performance over the 

different dates of sowing (ESD = 0.07) where as full sibs found to be most 

unstable (ESD = 0.92) in the expression of this character. 

4.9.1.6 Seed yield per plot (kg) : The January sowings were found to 

be the most favourable environment (IJ = 1.303 and IJ = 0.649) whereas 

November and December sowings were unfavourable environment for the 

expression of high seed yield per plot (Table 104). The highest seed yield 

was recorded by fiill sibs 12.44 kg^plot (47 g / plant) with 16 January 

sowing where as the lowest was registered by selfed progenies 1.50 kg / plot 

(7 g / plant) with 15 November sowing. In general, full sibs have performed 

best with a mean seed yield of 9.35 kg / plot (29.6 g / plant) whereas selfed 

progenies have the inferior performance with a mean yield of 3.20 kg / plot 

(9.5 g / plant) over all the dates of sowing. The environmental standard 

deviation of the populations indicated that MSFH-17 was the most 

stable (ESD = 0.80) where as the full sib was the most unstable population 

(ESD=2.70) for the expression of this character. 
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4.9.1.7 Oil per cent : Based on environmental index, 15th November 

was the most favourable date of sowing (IJ = 0.734) for the expression of 

this character (Table 106). Whereas 1 December and 15th December sowings 

did not show much influence on this character. On contrary, January sowings 

were found to be unfavourable for the expression of this important character. 

Selfed progenies expressed the maximum oil per cent (42.14%) with 15th 

December showing while the lowest was expressed by MSFH-17 in the same 

sowing (27.44%). However, MSFH-17 was considered to be the most stable 

genotype with standard deviation of 0.50, where as maximum deviation 

(ESD=5.00) was observed in selfed progenies. 

4.9.1.8 Oil yield : There was no considerable difference in the 

expression of oil yield among the populations in January sowings 

(Table 107). However, the remaining environments (November and December 

sowings) had affected oil IJ values and were found to be in negative direction 

(-0.147 to -0.273). The population x dates of sowing interactions indicated 

maximum oil yield was expressed by full sibs (13.06 g) with 16 January 

sowing where as the lowest was recorded by selfed progenies (1.68 g) with 

15 November sowing. Based on the environmental standard deviation, bulk -

sibs population was found to be the most stable (BSD = 0.86) where as mass 

selection population was the most unstable (ESD = 4.03) for the expression 

of this character. 
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4.9,2 Stability parameters : 

The three stability parameters i.e. general mean, regression and 

deviation from regression in respect of eight characters were compared to 

findout the stability of the genotypes and are presented in Table 100 to 107. 

The character wise study of the stability parameters are presented below. 

4.9.2.1 Plant height : The genotypes recorded a general mean height 

of 80.40 cm over five dates of sowing with mean individual values ranging 

from 69.00 (selfed progenies) to 92.20 cm (MSFH-17). The regression values 

ranged from 0.26 (Morden) to 1.61 (bulk sibs) and were significant for bulk 

sibs and mass selection (Table 99). None of these regressions were 

significantly deviated from unity. The squared deviation from regression (S ĵj) 

ranged from -8.19 (selfed progenies) to 246.15 (half sibs) and three genotypes 

viz., half sibs, mass selection and MSFH-17 showed significant squared 

deviations from zero. 

4.9.2.2 Head diameter : The mean head diameter among the 

populations ranged from 7.29 cm (selfed progenies) to 11.38 cm (mass 

selection) with a general mean of 9.94 cm (Table 110. The regression of 

individual genotypes over environmental index for this trait were recorded in 

a range of 0.352 (mass selected progenies) to 1.888 (fiill sibs). The individual 

regressions were found significant in the progenies of M\ sibs, half sibs. 
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Morden and selfed progenies where as it was no-significant in the remaining 

populations. On contrary, the significant deviation of regression from unity 

was observed in fiill sibs and were non-significant for the remaining 

genotypes. The deviations from regression ranged from 0.04 (selfed progeny) 

to 5.97 (mass selection) and were significant for mass selecfion, half sibs, 

bulk sibs and MSFH-17 genotypes. 

4.9.2.3 Stem thickness : A mean stem thickness of 11.2 cm was 

observed over the populations with the individual population mean ranging 

from 0.81 cm (selfed progeny) to 1.66 cm (fiiU sibs) (Table 101). The 

regression of stem thickness on environmental index were no significantly 

different from unity in all populations except full sibs and selfed progenies 

where their individual regressions were significantly differing from unity. The 

regressions of individual genotypes were ranged from 0.138 (bulk sibs) to 

3.573 (fiiU sibs) and was significant for only one genotype i.e. frill sibs. All 

the genotypes, showed significant squared deviations from regression and 

were recorded in the range of -0.002 (selfed progeny) to 0.1163 (mass 

selection). 

4.9.2.4 Days to maturity : The seven populations recorded a general 

mean of 81.34 days over all the dates of sowing and the individual population 

mean ranged from 79.76 days (selfed progeny) to 83.68 days (MSFH-17) 
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(Table 102). The regressions of individual genotypes on environmental index 

were recorded in a range of-0.521 (MSFH-17) to 4.301 (selfed progeny) and 

was significant for selfed progeny only but were non-significant for the rest 

of the genotypes. However, the deviation of regression from unity was 

significant for mass selected population. The squared deviations from 

regression were found to be negative for most of the genotypes and were 

recorded in a range of-0.462 (mass selection) to 1.13 (selfed progeny) which 

were no-significant except for selfed progenies. 

4.9.2.5 100-Seed weight : The populations under the study expressed 

a mean grain weight in a range of 2.70 g (self progeny) to 4.44 g (full sibs) 

with a general mean test weight of 3.39 g over different dates of sowing 

(Table 103). The regression coetTicients were not significantly different from 

unity in most of the populations except Morden and full sib the populations 

whose regressions were found to be significantly deviating from unity. The 

regression on environmental index of genotypes were ranged form -0.123 

(MSFH-17) to 3.07 (fiill sibs) and was significant for only one population 

i.e. fiill sibs. The Ŝ ,̂j values were ranged from -0.003 (Morden) to 0.26 (mass 

selection) and were significant for all the populations except Morden. 
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4.9.2.6 Seed yield / plot (kg) : A general mean seed yield of 5.59 kg 

per plot was expressed by the populations in the present study over the 

different dates of sowing and individually the populations recorded a range 

of 3.20 kg/plot (9.50 g/plant) (selfed progeny) to 9.35 kg/plot (29.6 g/plant) 

(full sibs) per plot. The regression co-efficients of the population were in the 

range of 0.34 (bulk sibs) to 1.63 (half sibs) and were found to be non­

significant. Similarly, these regression co-efficients did not show significant 

deviations from unity in all the genotypes. However, the deviation from 

regression were found significantly different trom zero in all the populations. 

These deviations ranged from 0.58 (MSFH-17) to 9.21 (full sibs). 

4.9.2.7 Oil per cent : A range of 28.16 (MSFH-17) to 37.88 (selfed 

progenies) oil per cent was recorded by populations with an overall mean of 

33.19 oil per cent over the different dates of sowing (Table 105). The 

regression coefficients of individual population were recorded in a range of 

-0.402 (half sibs) to 5.183 (selfed progenies) and was highly significant for 

selfed progenies only. These regressions were found significantly different 

from unity in three genotypes i.e. half sibs, MSFH-17 and selfed progenies 

where as they were non-significant in the remaining genotypic populations. 

The deviations from regression among the populations were ranged from 0.21 

(MSFH-17) to 4.748 (bulk sibs) and were significant for all the populafions. 
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4.9.2.8 Oil yield : The population recorded a general mean oil yield of 

5.84 g and the oil yield of individual genotypes ranged from 3.54 g in selfed 

progenies to 10.06 g in flill sibs (Table 107). The individual regressions were 

observed in a range of-1.091 (selfed progeny) to 3.88 (MSFH-17) and were 

non-significant. Similarly, the deviation of regression from unity were found 

to be non-significant for all the genotypes. The mean square deviations from 

regression were recorded in a range of 0.60 (MSFH-17) to 12.49 (full sibs) 

and were found significantly from zero in all the populations. 
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CHAPTER - V 

DISCUSSION 

Sunflower is one of the world's leading and fast spreading edible oil 

seed crop. It is a rich source of edible oil and considered as of good quality 

from health point of view due to high concentration of poly unsaturated fatty 

acids viz., linoleic acid and oleic acid which are known to reduce the risk 

of coronary diseases by reducing the cholesterol in blood plasma. The credit 

of tailoring a branching and ornamental sunflower into an oil bearing mono 

head type goes to the Russian breeders. 

In India, sunflower is grown in an area of 2 m.ha with a production 

touched to 1.17 m.t (Anonymous, 2000). The major sunflower growing states 

are Kamataka, Andhra Pradesh, Maharastra and Tamil nadu. In recent years, 

it has made inroads into newer areas in the states of Bihar, Madya Pradesh, 

Uttar Pradesh, Haryana and Punjab. It has also proved its potential in newer 

agro-ecological niches and cropping systems. 

The discovery of cytoplasmic male sterility by Leclercq (1966) in 

France and fertility restoration by Kinman (1970) in USA provided the 

required break through for heterosis breeding. In this direction, concerted 
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efforts were made and released a number of hybrids. This has resulted 

inaccessibility of majority of poor farmers of this country for cultivation of 

hybrids because of its high cost. Not only that, the farmers of this country 

have a habit of saving the seed of the crop for future sowings. Hence, there 

is a need to develop number of open pollinated varieties in sunflower to meet 

the demands of the poor farmers since sunflower is spreading to marginal and 

sub marginal lands. In this direction, all the breeders working on sunflower 

crop made sincere efforts to develop open pollinated varieties by adopting 

several population improvement methods with modifications as applicable to 

other cross pollinated crops for increased seed and oil yield. 

The relative efficiency of selection methods depends on the initial 

population used, the extent of genetic variability present, characters 

considered for improvement, the time available at the disposal of breeders and 

the most important one is the procedure followed. An ideal selection method 

should bring about not only the desirable genetic improvement but also utilise 

less time and resources. The most commonly applied intrapopulation 

improvement methods in sunflower breeding are mass selection, pustovoit 

method of seed reserves, S, selection, half sib and full sib progeny selection 

and recurrent selection methods. However, less work has been done to 

compare the relative efficiency of these selection methods in effecting the 

yield and yield attributes and to suggest suitable strategy for sunflower 

improvement. 
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Hence, in the present investigation, the most popular methods viz.. 

mass selection, bulk sib selection, half sib and full sib selection and selfed 

progeny selection with slight modifications were employed to assess the 

relative efficiency of these approaches in improving yield and yield attributes 

in the open pollinated sunflower variety Morden. 

The results obtained by imposing various selection schemes on yield 

and yield attributes in sunflower are attempted for discussion in understanding 

the most selective approach to be adopted for the development of open 

pollinated varieties. 

5.1 MEAN, RANGE, VARIANCE AND COEFFICIENT OF VARIATION 

IN THE BASE POPULATION 

The success of any population improvement programme mainly 

depends on the variability available in the base population. Morozov (1944) 

attributed that the failure to increase yield in sunflower was due to limited 

variability present in the base material. Whereas Chaudhary and Anand (1987) 

had noticed that the character exhibiting greater variability like seed yield 

would produce better genetic advance on selection. 
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5.1.1 Plant height (cm) 

In the base population allotted for various selection schemes, wide 

range of 63.8 to 139.3 cm tor plant height was recorded. The base population 

allotted for SQ population recorded lowest mean of 80.1 cm and the highest 

mean of 95.2 cm in HSQ population. Where as MSQ recorded the lowest 

variance (36.0) and coefficient of variation 6.42. The maximum variance of 

219.04 in HSQ an 17.4 coefficient of variation in SQ were found for plant 

height (Table 2). This indicated the population Morden chosen for the study 

had wide variability in the base population for plant height. 

5.1.2 Head diameter (cm) 

Head diameter, over all the base populations, showed wide range 

values from 9.34 to 25.83 cm. The MS(, population showed low mean head 

diameter (13.32 cm) and BSQ population exhibited highest mean of 17.78 cm. 

The lowest variance of 2.66 and coefficient of variation 9.35 were found in 

FSQ population and the highest variance 10.82 and coefficient of variation 

23.07 in SQ population (Table 3). This indicated appreciable amount ol 

variability was found in the head diameter in the base population allotted for 

various selection schemes. 



5.1.3 Stem thickness (cm) 

Moderate range values were found for stem thickness form 1.04 to 

5.21 cm over all the base populations. However, it has not reflected in the 

mean and variance values. Where as the base populations of S,, (27.06 cm) 

followed by MS^ (21.80 cm) exhibited maximum co-efficient of variation 

(Table 4). 

5.1.4 Days to maturity 

The range values for days to maturity was found in SQ population 

78-87. However, not much differences were found in the mean values among 

the populations. However, FSQ population recorded maximum variance (47.74) 

and coefficient of variation (8.10). The rest of the populations did not differ 

much in mean, variance and co-efficient of variation except FSQ population 

(Table 5). 

5.1.5 lOO-Seed weight (g) 

Over the various base populations wide range values for 100 seed 

weight ranged form 2.63 to 8.13 (g). The base population of HS,, recorded 

low mean of 3.55 (g) and SQ population 6.17 (g). The variance and co­

efficient of variation was maximum in BS^ population. (Table 6) 
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5.1.6 Seed yield / plant fg) 

Seed yield / plant showed maximum range values from 13.93 to 

36.72 (g) over all the base population. SQ population recorded lowest mean 

seed yield / plant (18.41 (g)) and the highest in HS^ base population 

(24.08 (g)). Where as the variance and coefficient of variation were 

maximum in BSQ population and the lowest in MSg population. (Table 7) 

5.1.7 Oil per cent 

Oil per cent over all the base populations also showed wider range 

values from 27.63 to 40.42. However, it has not reflected in the mean values. 

The base population BSQ recorded high variance (16.89) and coefficient of 

variation (13.13) followed by HSQ population and the lowest was in FS^ base 

population. (Table 8) 

5.1.8 Oil yield / plant (g) 

Similarly, oil yield / plant over all the base populations exhibited wider 

range values form 4.34 to 11.23 (g). The highest mean oil yield / plant was 

found in HS(, base population (7.82 (g)) followed by BS„ population 

(6.93 (g)) and the same trend reflected in the variance and coefficient of 

variation. (Table 9) 
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From the fore gone discussion, it is concluded that the attributes like 

plant height, head diameter, 100 seed weight, oil per cent, oil yield and seed 

yield / plant exhibited wider variability in the form of range, mean, variance 

and coefficient of variation where as moderate variability for stem thickness 

and low for days to maturity were found. Similar results were also reported 

by Shivakumar, 1995. These results indicated that the population Morden 

selected for the study had appreciable variability for majority of the traits. 

Hence, selection of Morden as base population in imposing various selection 

schemes is justified. 

5.2 EFFECT OF VARIOUS POPULATION SCHEMES ON MEAN, 

VARIANCE, AND COEFFICIENT OF VARIATION OF YIELD AND 

YIELD ATTRIBUTES 

The individual effect of various population schemes on mean, variance 

and coefficient of variation of yield and yield attributes in different 

generations / seasons are presented here. The mean, variance and coetTicient 

of variation were taken into consideration in the present discussion. 

5.2.1 Mass selection 

In the MS, generation, mass selection has not shown any effect in 

influencing the mean values of all the characters studied over the base 

population in the positive direction. However, in the MSj generation, there 
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was an improvement in the head diameter, oil per cent, oil yield / plant and 

seed yield / plant during kharif and rabi seasons over base population and 

MS, generation population. Whereas increased stem thickness was found in 

MSj rabi population than the base and MS, generation (Table 107). 

The variance and coefficient of variation values were maximum in MS, 

generation population over the base population in the characters viz., plant 

height, oil per cent, oil yield and seed yield / plant. Whereas head diameter, 

stem thickness and days to maturity, in general, showed low variance and 

coefficient of variation compared to that of the base population. The variance 

and coefficient of variation in MSj generation for almost all the characters 

were lower than that of MS, and also base population except for oil per cent 

(Table 107). 

Based on percentage increase or decrease in the mean performance of 

yield and yield attributes in MS2 generation over MS,, base population, it has 

been observed that there was an increase of 28.30% {kharif) and 32.28% 

{rabi) in the head diameter. Similarly, there was an increase of 20.85% 

{kharif) and 2.5% {rabi) in oil per cent, 27,06 {kharif) and 16.66% for oil 

yield and 8.52%. {kharif) and 22.44% {rabi) for seed yield were found in MS2 

population over MS,, base population. In the other characters, there was 

negative effect (Table 108). These results indicated mass selection will be 
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Table 107 : Effect of mass selection on mean, variance ^and 
coefficient of variation of yield and yield attributes in 
different generations of sunflower 

s. 
No. 

1. 

2 

3. 

4. 

5. 

6 

7 

8 

Characters 

Plant height (cm) 

Head diameter (cm) 

Stem thickness (cm) 

Days to maturity 

100 Seed weight (g) 

Oil percent 

Oil yield / plant (g) 

Seed yield / plant (g) 

m 

V 

cv 

m 

V 

cv 

m 

V 

cv 

m 

V 

cv 

m 

V 

cv 

m 

V 

cv 

m 

v 

cv 

m 

V 

cv 

Generations 

MS, 

93.5 

36.00 

6.42 

13.32 

9.79 

23.49 

2.66 

0.34 

21.80 

87.52 

0.50 

0.81 

6.11 

0.46 

11.13 

32.85 

7.45 

8.31 

6.06 

1.06 

16.90 

18.49 

8.91 

15.68 

MS, 

82.5 

112.36 

12.84 

12.18 

4.88 

18.44 

2.40 

0.16 

16.67 

86.41 

0.82 

1.05 

6.07 

0.39 

10.38 

28.31 

16.97 

14.55 

4.21 

1.51 

29.22 

15.14 

13.98 

24.70 

MS2 (S) 

58.6 

40.96 

7.9 

7.65 

1.56 

16.39 

0.76 

158.26 

16.56 

81.23 

0.41 

0.89 

5.23 

0.22 

9.09 

27.41 

171.4 

15.13 

1.69 

0.10 

19.08 

6.23 

0.30 

8.85 

MSj (K) 

79.6 

5.76 

3.1 

17.09 

0.58 

4.45 

1.81 

0.05 

12.38 

81.41 

1.17 

1.32 

3.92 

0.03 

4.82 

39.70 

4.16 

5.14 

7.70 

0.26 

6.67 

20.06 

0.35 

6.67 

MS2 (R) 

74.0 

3.61 

2.40 

17.62 

1.16 

6.17 

3.48 

0.02 

3.97 

81.20 

0.41 

0.70 

3.41 

0.05 

6.57 

33.68 

2.62 

4.82 

7.07 

0.14 

5.27 

22.64 

0.05 

6.57 

m = mean variance cv = coefficient of variation 
S = Summer, 1998-99 

K - Khurif, 1999 

R = Rabi, 1999 
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effective in improving head diameter, oil per cent, oil yield and seed yield / 

plant over the generations more specifically in kharifstnd rabi seasons, though 

the mean of these attributes improved, the variances were narrowed down in 

second generation. This might be due to narrow down of genotypic 

ditYerences among the selected plants. 

Where as Shivakumar (1995) reported phenotypic co-efficient of 

variability was not reduced in MSj when compared to MS, population. He 

also reported the per se mean for seed yield, oil content and oil yield were 

lower in MSj than MS, and this might be due to seasonal differences in 

which these two generations were raised. In the present study also seasonal 

effects were observed, where in, the summer season mean, variance and 

coefficient of variation in MSj were lower than that of MS, generation for 

almost all yield and yield attributes. Nayak and Patnaik (1979), Nyindu 

(1981) and Mulamba et al (1983) reported adequate variability for yield and 

yield components of maize even after few cycles of mass selection. 

5.2.2 Bulk sib selection 

In general, in BS, population, the mean values for yield and yield 

attributes were lower than that of base population except days to maturity 

(87.41), 100 seed weight (5.21) and oil per cent 35.02. Similarly, the mean 

values of yield and yield attributes in BSj populations in different seasons 
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were lower than the BS, and BSQ populations except 100 seed weight and 

oil per cent (36.71) during summer season (Table 109). Similar trend was 

found when percentage increase or decrease in the mean performance of yield 

and yield attributes were studied in BSj generation over BS^ base population 

(Table 110). 

The variance and coefficient of variation were higher in BS, population 

over BS(, population for attributes like head diameter, 100 seed weight, oil per 

cent, oil yield and seed yield / plant. However, the same trend was not 

maintained between BSj and BS, populations. In BSj population, the variance 

and coefficient of variation were low when compared to BS^ and BS, 

populations. (Table 109) 

The low mean, variance and coetlficient of variation in BSj population 

when compared to BSQ and BS, populations indicated that bulk sib selection 

is not eiYective in improving yield and yield attributes. 

5.2.3 Half sib selection 

Comparatively, in HS, population various attributes recorded low mean 

values than HSQ base population except 100 seed weight. The mean values 

of 100 seed weight and oil per cent in HSj population were high during 

summer, kharif and rabi than HSQ and HS, populations. Where as mean 
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Table 109 : Effect of bulk sib selection on mean, variance and 
coefficient of variation of yield and yield attributes in 
different generations of sunflower 

s. 
No. 

1. 

2 

3. 

4. 

5. 

6 

7 

8 

Characters 

Plant height (cm) 

Head diameter (cm) 

Stem thickness (cm) 

Days to maturity 

100 Seed weight (g) 

Oil percent 

Oil yield / plant (g) 

Seed yield / plant (g) 

m 

V 

cv 

m 

V 

cv 

m 

V 

cv 

m 

V 

cv 

m 

V 

cv 

m 

V 

CV 

m 

V 

CV 

m 

V 

cv 

BSo 

90.20 

136.99 

12.90 

17.78 

7.89 

15.80 

3.54 

0.30 

15.53 

85.91 

2.28 

1.71 

5.04 

1.53 

24.60 

31.28 

16.89 

13.13 

6.93 

1.96 

27.41 

22.38 

39.94 

28.23 

BS, 

83.00 

114.49 

12.90 

13.00 

10.11 

24.46 

2.67 

0.05 

8.23 

87.41 

2.22 

1.61 

5.21 

14.97 

74.35 

35.02 

52.27 

20.66 

3.83 

1.53 

32.52 

11.98 

92.16 

80.09 

Generations 

BSj (S) 

65.7 

108.16 

15.9 

8.46 

1.02 

11.99 

0.83 

0.01 

11.90 

81.51 

0.92 

1.12 

5.80 

0.27 

9.12 

36.71 

16.97 

11.23 

3.97 

0.17 

10.72 

10.89 

0.44 

6.13 

BSj (K) 

80.6 

43.56 

7.5 

15.60 

0.31 

3.61 

1.79 

0.15 

21.89 

81.20 

0.83 

1.06 

3.72 

0.21 

12.36 

33.44 

0.21 

3.88 

5.06 

1.66 

6.67 

16.31 

0.09 

1.91 

BSj (R) 

81.30 

4.00 

2.50 

16.78 

0.30 

3.33 

2.60 

0.02 

5.95 

80.91 

0.50 

0.91 

3.13 

0.03 

5.19 

31.00 

111.94 

1.84 

5.48 

0.04 

3.91 

18.20 

0.45 

3.70 

m = mean v = 
S = Summer, 1998-99 
K - Kharif, 1999 
R = Rabi, 1999 

variance cv = coefficient of variation 
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values of oil yield / plant, seed yield / plant and head diameter were higher 

in HS2 kharif and rati populations than HS,, and HS, populations. The HS^ 

population showed higher mean values for plant height and days to maturity 

than HS, and HSj populations (Table 111). These results indicated that plant 

height and days to maturity were not affected by half sib selection. 

The variance and co-efficient of variation for plant height, head 

diameter, oil per cent, oil yield / plant and seed yield / plant were low in all 

the seasons of HSj when compared to HSQ and HS, populations. Where as 

HS2 populations in summer for stem thickness and oil per cent in rabi 

showed higher coefficient of variation than HSQ and HS, populations. 

The percentage increase in the mean values of HSj population over 

HS() base population was found in head diameter 7.39% {kharif) and 16.59% 

(rabi), 100 seed weight 44.50% (kharif) and 27.60% {rabi), oil per cent 

31.73% {kharif) and 26.55% {rabi), oil yield 63.5% {kharif) and 67.52% 

{rabi) and seed yield 26.95% {kharif) and 34.72% (rabi) (Table 112). 

The results indicated that half sib selection is effective in improving 

the attributes like 100 seed weight, oil per cent, oil yield, seed yield and head 

diameter over the generations more specifically in kharif and rabi seasons. 

Low variance and coefficient of variation in the HSj populations for many 
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Table 111 Effect of half sib selection on mean, variance and 
coefficient of variation of yield and yield attributes in 
different generations of sunflower 

s. 
No. 

1. 

2 

3. 

4. 

5. 

6 

7 

8 

Characters 

Plant height (cm) 

Head diameter (cm) 

Stem thickness (cm) 

Days to maturity 

100 Seed weight (g) 

Oil percent 

Oil yield / plant (g) 

Seed yield / plant (g) 

m 

V 

cv 

m 

V 

cv 

m 

V 

cv 

m 

V 

cv 

m 

V 

cv 

m 

V 

cv 

m 

V 

cv 

m 

v 

cv 

Generations 

HSe 

95.2 

219.04 

15.50 

17.72 

8.58 

16.47 

3.55 

0.32 

16.06 

85.81 

1.27 

1.32 

3.55 

0.36 

16.90 

32.46 

11,16 

10.28 

7.82 

3.96 

25.44 

24.08 

27.56 

21.80 

HS, 

85.3 

96.04 

11.49 

11.36 

1.29 

10.04 

2.97 

0.36 

20.20 

80.97 

6.45 

3.14 

4.40 

2.07 

35.77 

30.11 

7.78 

9.29 

3.84 

0.41 

19.86 

10.81 

3.53 

17.41 

HSj (S) 

60.3 

75.69 

14.5 

8.93 

1.32 

12.89 

0.93 

1.10 

34.19 

83.04 

3.09 

1.75 

5.40 

0.15 

7.39 

34.43 

9.36 

8.91 

4.53 

0.56 

16.69 

13.16 

3.53 

14.34 

HS^ (K) 

88.7 

21.16 

5.2 

19.03 

0.25 

2.65 

2.99 

0.18 

14.66 

81.43 

0.55 

0.91 

5.13 

0.03 

3.50 

42.76 

0.96 

2.31 

12.79 

0.13 

2.93 

30.57 

0.26 

1.67 

HSj (R) 

86.00 

19.36 

2.50 

20.66 

0.33 

3.33 

4.36 

0.17 

5.95 

81.44 

1.08 

0.99 

4.53 

0.08 

5.19 

41.08 

115.56 

0.58 

13.10 

0.16 

3.10 

32.44 

0.34 

0.67 

m = mean variance cv = coefficient of variation 
S = Summer, 1998-99 
K = Kharif, 1999 
R - Rabi, 1999 
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attributes is expected as selection was exercised for superior progeny lines in 

HS, generation and thus resulted in narrowing down of genotypic differences. 

Though the variance and coefficient of variation were low, the mean values 

for various attributes were high because selection was aimed at better progeny 

lines in HS, generation for high oil yield and seed yield / plant. The kharif 

and rabi seasons were found to be more favourable for expression of head 

diameter, 100 seed weight, oil per cent, oil yield and seed yield / plant. 

5.2.4 Full sib selection 

Low mean values were recorded for all the attributes studied in FS, 

population than FSQ population except plant height. FS2 populations in kharif 

and rabi showed higher mean values for all the attributes than FS,, and FS, 

populations except days to maturity. (Table 113) 

When percentage increase or decrease in the mean values were taken 

into account, maximum percentage increase of 203.84 {kharif) and 198.39 

{rabi) for oil yield / plant and 108.25% {kharif) and 120.02 {rabi) for seed 

yield / plant were found in FSj population over FS^ base population when 

compared to other attributes (Table 114). The kharif and rabi seasons were 

found to be more favourable for fijll sib selection also. 
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Table 113 Effect of full sib selection on mean, variance and 
coefficient of variation of yield and yield attributes in 
different generations of sunflower 

s. 
No. 

1. 

2 

3. 

4. 

5. 

6 

7 

8 

Characters 

Plant height (cm) 

Head diameter (cm) 

Stem thickness (cm) 

Days to maturity 

100 Seed weight (g) 

Oil percent 

Oil yield / plant (g) 

Seed yield / plant (g) 

m 

V 

cv 

m 

V 

cv 

m 

V 

cv 

m 

V 

cv 

m 

V 

cv 

m 

V 

cv 

m 

V 

cv 

m 

V 

cv 

Generations 

FS„ 

84.1 

174.24 

15.7 

17.43 

2.66 

9.35 

3.24 

0.20 

13.86 

85.2 

47.74 

8.10 

5.11 

0.81 

17.61 

32.87 

5.71 

7.27 

6.24 

1.93 

22.27 

19.08 

16.16 

21.06 

FS, 

87.5 

81.0 

10.28 

9.87 

1.44 

12.17 

2.00 

0.07 

13.26 

81.45 

3.42 

2.25 

3.49 

2.92 

49.00 

31.01 

6.25 

8.06 

3.11 

2.78 

53.37 

5.26 

7.89 

23.42 

FSj (S) 

66.4 

193.21 

20.9 

8.90 

3.72 

21.71 

0.86 

0.05 

26.96 

84.00 

2.66 

1.94 

6.40 

1.32 

18.06 

33.80 

7.95 

8.35 

2.84 

0.14 

1.353 

8.47 

0.59 

9.19 

FS, (K) 

95.8 

30.25 

5.70 

22.03 

1.37 

5.33 

4.39 

0.08 

6.70 

81.34 

0.55 

0.91 

6.57 

0.32 

8.71 

47.66 

0.92 

2.03 

18.96 

0.29 

2.86 

39.85 

0.30 

1.39 

FS, (R) 

92.80 

3.24 

2.10 

21.60 

0.18 

4.27 

4.64 

0.02 

14.24 

80.93 

1.54 

l . l l 

6.89 

0.06 

5.58 

48.36 

0.53 

1.81 

18.62 

0.56 

4.05 

41.98 

0.01 

2.13 

m = mean v = 
S = Summer, 1998-99 
K = Kharif, 1999 
R = Rabi, 1999 

variance cv = coefficient of variation 



«i 
xs 
** 

C M 

O 

ff> 
0) 
• * 
s X i 

u. 
C 
« 
•a 
9i 
S^ 

• a 
s CQ 

"U 
0) 

>-. 
( M 

o 
0) 
u 
s C9 

s L. 
,o 
t u 
a. 
fl 
at 
a> 
s 
44 

+* 
ea 

1 
^ ^ • ^ 

4> 
i » 

u 

L. 
o 
/~\ + 
4> 
ce 

CI 

0* 
u b. 
» 

P H 

a 
•2 
C9 
0 
^ 
D, 

3i! 
nt 

2 
44 

5 
k. 
<U 
> 
o 
2 
o o • M 

•»-< 

1 
o &< 

"« 
^̂  u 4̂  

"3 en 

I 

2 
''^ "S 

J _ fil) 
T5 Q . ^-^ 
4* -^ 
44 ^ 

C/5 

2 ^ 

O 

** 
a 

H 

• ^ ^ 

* .Sf WD 
o « ^ 
o ^ 
»->< 

o ^ 

Q e 

so 

S a ^^ 
V ^ S 
cz! .a w 

•«-> 

u 

* 2 ^̂  
-o 

J 2 •mm • V 

E ^ ^ 

s 
o 

"a 
a. 
o 

QM 

e 
o ^̂  
w 
J. 
w 

.̂Q 
sn 

"3 

r o 
• ^ 

1 ^ 
1 

>o 

O 

1 

vS 
1 

O 

^̂  
1 

»-H 

T f 
T t 

1 ^ 

o6 
m 

en 
r n 

o 
'^ 

o 
i/3 

1 

_-
OO 
U H 

1 
o 

s 

oo 

00 

0^ 

o6 

oo 
r n 
m' 
oo 

en 

r n 

O 
o 

1 

m 
oo 
cK 

-

1 

.—̂  on 
• • ^ . . - ' ^ 

c/5" 
UU 

1 

<N 
t/3 
t i -

O 
VO 

K V^ 
^ 

ON' 
O 
v-i 

CO 
V l 

ir^ 
<N 
od 
00 

m 
>—' 
o 

1 

o 

— 

o 

OO 

<> 

y^^ 

^ 

c^ 
tiH 

1 

^ j 

on 
t i , 

1 
o 
o 
oo 
OS 
^ 

F 
od 
• ^ 

ON 

>ri 
>r̂  

CM 
•^ 
K 
ON 

m 
^ 
o 

1 

o o 

m 

oo 
od 

o 
^ 

/ ' • " ^ 

aJ ^ • . — ^ 

c^ 
t u 

1 

r 4 
C/5 
t U 

O 
^ 
»/̂  ir> 

00 

oo 
r4 

'^ 
«N 
i r i 
r 4 

rvi 
r t 

1 

1 

od 
1 

o 

1 

..—̂^ CiO 
• " — ^ 

o 
C/5 
U i 

1 

f S 
GT! 
Us 

>/-> oo 

od O 
^̂  

oo 

o 
( N 

OS 
OS 

'^' 
r l -

r~ 
i n 

od 
( N 

-* 
m 

1 

OS 

m 

OS 
r<0 

f N 

OS 

r<-i 

^ • ^ ^ 

^ 
o 

C/3 
t i -

1 

f S 
C/) 
U H 

( N 
O 

o rsi 
^̂  

OS 
rn 
od 
OS 

—̂* 

( N 

K 
-^ 

m 
oo 

'^' 
m 

( N 
O 

1 

o 

'^ 

ON 

o 

/-^S 
Di 
—̂̂  

t/3 
P H 

1 

tN 
GO 
tin 

1 

'?^ 

OS 
OS 

I 
oo 
OS OS 
OS OS 
-H ON OS OS 

OS 

^ ^ C^ 

m'U. ^ 



JG-, 

Where as low variance and coefficient of variation in FSj kharif and 

rabi populations were observed for almost all the attributes studied. However, 

in summer season the trend was different in FSj population where in plant 

height, head diameter and oil per cent showed high variance and coefficient 

of variation than FS, and FSQ populations. This might be due to seasonal 

effect. The superiority of FSj population over the previous generations is 

expected as there was controlled pollination of selected plants as compared 

to random pollination in mass and half sib selection. Similar type of 

observations were made by Shivakumar (1995). 

5.2.5 Selfed progeny selection 

S, progeny population showed lower mean values for all the attributes 

studied than the SQ base population. Similarly, Sj bulk population in different 

seasons also showed further reduction in yield and yield attributes over the 

S,) and S, populations except oil per cent. The variance and coefficient of 

variation in Sj population were lower than the SQ base population for all the 

attributes. (Table 115) 

The percentage increase or decrease in the mean values when taken 

into account, by Sj generation, the most affected attributes are oil yield / 

plant and seed yield / plant. The oil yield / plant decreased by 59.51% 

{summer), 52.45 {kharij) and 54.26% {rabi). Where as seed yield / plant 
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Table 115 Effect of selfed progeny on mean, variance and 
coefficient of variation of yield and yield attributes in 
different generations of sunflower 

s. 
No. 

1. 

2 

3. 

4. 

5. 

6 

7 

8 

Characters 

Plant height (cm) 

Head diameter (cm) 

Stem thickness (cm) 

Days to maturity 

100 Seed weight (g) 

Oil percent 

Oil yield / plant (g) 

Seed yield / plant (g) 

m 

V 

cv 

m 

V 

cv 

m 

V 

cv 

m 

V 

cv 

m 

v 

cv 

m 

v 

cv 

m 

V 

cv 

m 

V 

CV 

Generations 

s« 
80.1 

193.21 

17.40 

14.26 

10.82 

23.07 

1.96 

0.28 

27.06 

82.69 

4.04 

2.43 

6.17 

1.28 

18.37 

33.40 

6.10 

7.39 

6.10 

1.61 

20.81 

18,41 

13.39 

19,88 

s, 
84.5 

0.49 

0.82 

9.76 

0.92 

9.88 

1.89 

0.06 

12.72 

81.42 

3.42 

2.25 

5.23 

2.10 

27.80 

28.52 

23.72 

17.09 

3.89 

2.13 

77.24 

6.01 

7.56 

45.70 

Sz(S) 

64.2 

94.09 

15.10 

8.04 

2.46 

19.52 

0.77 

0.02 

20.53 

84.32 

0.64 

0.92 

4.58 

0,72 

0.92 

32.77 

5.57 

7.21 

2.47 

0.07 

11.68 

7.55 

0.21 

6.02 

S j ( K ) 

68.1 

15.84 

5.60 

10.50 

0.16 

3.88 

1.40 

0.80 

20.91 

79.92 

2.19 

1.72 

2.48 

0.13 

14.66 

40.12 

0.69 

2.07 

2.90 

0.03 

5.54 

7.49 

0.11 

4.41 

S2(R) 

71.3 

3.24 

2.10 

10.98 

0.18 

4.27 

1,60 

0.02 

14.24 

80,84 

t.,54 

1.11 

3.30 

0.06 

5.58 

40.72 

0.03 

1.81 

2,79 

0.03 

6.28 

6.76 

0.25 

2.13 

m = mean v = 
S = Summer, 1998-99 
K = Khar if, 1999 
R = Rati, 1999 

variance cv = coefficient of variation 
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decreased by 58.98% (summer), 59.32% (kharij) and 63.28% (rabi). These 

results indicated though selection was exercised for oil yield and seed yield, 

there was depression on selfing except oil per cent. Hence selfing followed 

by selection may not be effective in improving the attributes in sunflower. It 

also suggested in cross pollinated crops like sunflower, vigour will be reduced 

upon selfing (Table 116). 

5.3 COMPARATIVE EVALUATION OF POPULATION IMPROVEMENT 

SCHEMES IN THE SECOND GENERATION SEASONS FOR YIELD AND 

YIELD ATTRIBUTES 

The analysis of variance for yield and yield attributes in the second 

generation populations in summer, kharif and rabi showed significant 

differences (Table 32 to 34). The analysis of variance indicated adequate 

variability among all the populations generated. 

The ultimate aim of any plant breeder is the development of superior 

populations / varieties / hybrids with high mean yield though the variance of 

the base population is the pre-requisite to exercise selection. Hence, all the 

second generation populations were laid out in an experiment in different 

seasons along with the Morden as check variety to compare the efTiciency of 

various selection schemes and seasons in improving mean yield and yield 

attributes. 
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5.3.1 Summer, 1998 

In summer season, for plant height, the two populations MSj and HS2 

recorded significantly low mean values 58.6 and 60.3 cm when compared to 

the rest of the populations and also with Morden. Where as for head 

diameter, all the populations recorded superior mean values than the Morden 

variety. Not much improvement was found by the imposition of various 

population schemes in improving stem thickness over the Morden variety 

except HS2 population showed superior mean of 0.93 cm. Though significant 

differences were found for days to maturity but none of the populations 

recorded numerical superiority over the Morden variety. All the selection 

schemes were effective in reducing the number of days to reach maturity. FSj 

population recorded the highest mean for 100 seed weight (6.40 (g)) and is 

significantly superior to the rest of the populations. Almost all the populations 

showed improvement in oil per cent over Morden except MSj population 

(27.41%). However, BSj population recorded the highest oil per cent 36.71% 

among all the populations studied. Similar type of results were found in oil 

yield / plant and seed yield / plant where in MS2 population recorded lowest 

mean oil yield and seed yield / plant followed by Sj population. However, 

HSj population recorded highest oil yield and seed yield plant 4.53 (g) and 

13.16 (g) followed by BSj population 3.97 (g) and 10.89 (g), respectively. 

From the foregone discussion based on percentage increase over Morden 

variety, it is concluded during summer, half sib selection scheme is more 
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effective in improving the attributes like seed yield, oil yield, stem thickness 

and head diameter and full sib selection scheme for 100 seed weight and 

plant height and bulk sib selection for oil per cent. When the fore most 

important characters like oil per cent, oil yield and seed yield / plant were 

taken into account, half sib selection followed by bulk sib selection were 

effective in improving these attributes and the least influence was found by 

mass selection (Table 117). 

5.3.2 Kharif, 1999 

During kharif season, though significant differences were found among 

populations for plant height and head diameter, FSj population recorded 

highest mean values for both plant height 95.8 cm and head diameter 

22.02 cm followed by HSj population. The other populations of MSj, BSj 

and Sj recorded lower mean values than Morden variety for these characters 

except BSj and Sj populations for head diameter. Only two populations of 

FSj and HSj showed higher mean values for stem thickness 4.39 cm and 

2.99 cm respectively and the other populations showed lower mean values 

when compared to Morden variety (Table 118). Significant differences for 

days to maturity were found among the populations studied. However, none 

of the populations recorded more number of days to maturity than Morden 

variety. All the populations showed significantly superior mean values for 100 

seed weight than Sj population. Only two populations FSj (6.57 g) and HS^ 
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(5.13 g) showed significantly superior 100 seed weight than Morden variety. 

For oil per cent and oil yield / plant, FSj, HSj and MSj populations showed 

superior mean performance than Morden variety. The S, and BSj populations 

showed lower mean values than the Morden variety. Similar trend was found 

for seed yield/ plant except MSj population which recorded lower mean seed 

value than Morden variety. From the fore gone discussion, percentage 

increase over Morden variety is taken into consideration, it is concluded that 

fiill sib selection will be more effective in improving the mean values of all 

the attributes except days to maturity followed by half sib selection. Selfed 

progeny selection has not made any improvement in influencing the characters 

over Morden variety. Between mass selection and bulk sib selection, MS, 

population showed superiority over BSj population. 

5.3.3 Rabi 1999 

During rabi season, though significant differences were observed 

among populations for plant height and days to maturity, none of the 

populations recorded higher mean values than Morden variety except BSj for 

plant height. FSj and HSj populations recorded significantly superior mean 

values for head diameter, stem thickness, 100 seed height, oil per cent, oil 

yield and seed yield / plant with few exceptions where in MSj populadon 

also showed superiority over Morden for certain traits. When the percentage 

increase over the Morden variety is taken into account, it is concluded that 
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full sib selection followed by half sib selection were more effective in 

improving the yield attributes in second generation. Mass selection will be 

better than bulk sib selection and both of them were superior to selfed 

progeny selection (Table 119). 

In general full sib and half sib selection schemes were effective in 

improving the yield and yield attributes over all the seasons tested than mass 

selection, bulk sib selection and selfed progeny selection and even over 

Morden variety. The superior performance of ftill sib and half sib selection 

schemes is expected because progeny testing is involved in these schemes 

where as no progeny test for selection is mass and bulk sib selection 

schemes. Between full sib and half sibs, full sib selection scheme is more 

effective because of controlled pollination than half sib selection schemes. 

Shivakumar (1995) also reported similar results. Funduianu (1977) revealed 

that half sib family selection was superior to mass and S, selections. On the 

contrary Mukherjee et al. (1980) noticed among the progenies of S,, half sib, 

and full sib selections, S, progenies yielded 94 per cent higher seed yield 

compared to the source population, where as half sib progenies yielded no 

gain but, two of the four ftill sib progenies yielded 5 per cent improvement. 

Between MSj and BSj, response for BSj was good in summer season than 

MSj, where as in kharif and rabi, MSj showed better performance. Normally 

it is expected that BSj should perform better than MSj because of controlled 
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pollination. But the present results showed in kharifand rabi, MSj 

performance is better than BSj and BSj performance better in summer season. 

So it is inferred that the populations of MSj and BSj were affected by the 

seasonal conditions. Shivakumar (1995) reported better performance of BSj 

over MS2 might be due to controlled pollination. 

Empig et al. (1971) compared the efficiency of various methods of 

intra and inter population improvement schemes. Differences in the base 

populations, testers, plant population and differences in selection intensities 

besides the differences in efficiency of different experimental designs used to 

reduce the environmental variation and genotype environmental interaction 

have made comparison of different methods of selection difficult. Sprague and 

Eberhart (1977) concluded from the results obtained from different 

intrapopulation improvement methods that although differences in base 

population (parental material), environments and selection intensities made 

direct comparison of the relative efficiency ditTicult but there appeared to be 

no striking or consistent difference among these different methods. 

5.4 GENETIC PARAMETERS 

5.4.1 Genetic parameters in HSj, FSj and Sj progenies 

The first generation progenies HS,, FS, and S, were laid out in 

separate experiments and analysis of variance was worked out separately. The 
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analysis of variance revealed significant differences for all attributes studied 

in all the populations of HS,, FS, and S, (Table 26 to 28). 

Genetic parameters for yield and yield attributes in different 

populations of HS,, FS, and S, were worked out to illicit information on the 

effectiveness of these schemes (Table 29 to 31). 

In HS, populations, low GCV and PCV values were observed for plant 

height, days to maturity and oil per cent, low and medium GCV and PCV 

values in head diameter, stem thickness, high and high GCV and PCV values 

for 100 seed weight, oil yield and seed yield / plant, high heritability and 

moderate genetic advance in plant height, head diameter and oil per cent, high 

heritability and low genetic advance in days to maturity. From these results 

it is inferred that the attributes viz., 100-seed weight, oil yield and seed yield/ 

plant which have shown high heritability and genetic advance can be 

improved by simple selection as they are largely influenced by additive gene 

effects. 

The FS, population also showed high GCV, PCV, heritability and 

genetic advance for the characters viz., 100 seed weight, oil yield and seed 

yield / plant thereby indicated additive gene effects and simple selection will 

improve these characters. The same trend was observed in S, populations 
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also. However oil per cent showed high heritability and moderate genetic 

advance in HS, and FS, populations. However, in S, population high genetic 

advance was observed. 

High heritability estimates in half sib selection were reported for days 

to maturity, oil content seed yield / plant and head diameter and full sib 

selection, the high estimates were found in seed yield, oil yield, 100 seed 

weight, head diameter and oil per cent (Shivakumar 1995). Higher heritability 

for seed yield was also reported by Srivastava and Mishra (1976), Furedi and 

Frank (1981), Shinde et al (1983), Sen et al. (1985), Alam et al (1987), 

Singh el al (1989) and Tariq et al (1992). On the contrary, Volf and 

Kasyanenko (1972) and Sivaram (1982) observed for heritability, while Pathak 

(1975) reported moderate heritability for seed yield. For days to flowering or 

maturity, higher heritability was reported by Oka and Campos (1974), and 

Sen et al (1985). Shinde et al (1983) found that head diameter had high 

heritability but Oka and Campos (1974) and Venkateswarlu et al. (1980) 

reported low heritability. Studies of Piquemal (1968), Volf and Dumacheva 

(1973), Srivastava and Mishra (1976) and Singh et al (1977) indicated that 

100 seed weight was highly heritable. However, Volf and Kasyanenko (1972) 

reported low heritability for the trait. 



Shivakumar (1995) reported that predicted genetic advance expressed 

as per cent of mean was higher with respect to seed yield, oil yield and 100 

seed weight in full sib progenies compared to half sib progenies. However, 

for oil per cent, plant height, head diameter and days to maturity, the 

expected gain from half sib progenies was greater than full sib progenies. In 

the present investigation, it was found that both selection schemes were 

almost on par with each other with a slight edge of full sib progenies over 

half sib progenies. When different selection procedures were evaluated in 

maize with respect to expected genetic advance for seed yield, Sarma and 

Satyanarayana (1993) found that full sib selection was more effective 

compared to mass selection, where as Funduianu and Moga (1980) and 

Khehra et al (1985) reported full sib selection to be better than both half sib 

and mass selection methods. But for oil yield improvement half sib and full 

sib selections were equally effective (Funduianu and Moga, 1980). 

5.4.2 Genetic parameters over all second generation populations in 

different seasons 

In order to test significant differences among the various second 

generation populations viz., MSj, BSj, HSj, FSj, Sj and Morden, separate 

experiments were laid out in summer, kharif and rabi seasons. The data 

obtained on various yield and yield attributes were subjected to analysis of 

variance. From the variance values, genetic parameters were worked out and 



discussed (Table 38). The results indicated that not much differences existed 

between GCV and PCV values in all yield and yield attributes and also in 

seasons. This has resulted in getting high heritability estimates for all 

attributes and also in different seasons except in rabi season for days to 

maturity. Though high heritability estimates were found in all the attributes 

in all the seasons, the expected genetic advances were low in head diameter, 

.stem thickness, days to maturity and 100 seed weight in all the seasons. This 

might be due to predominance of epistasis and dominance component. Where 

as plant height and oil yield / plant in kharif and rabi showed high 

heritability and medium genetic advance there by indicating the gene actions 

will be influenced by environment. High heritability and genetic advance was 

found in plant height {summer) and seed yield {rabi) and simple selection will 

yield good response. 

From the fore gone discussion it is concluded that the nature of gene 

action will be influenced by the type of selection scheme, generation and the 

environment in which it is grown. 

5.5 CHARACTER ASSOCIATION 

Correlation coefficients were worked out in different generation 

populations of various selection schemes in order to study the effect of 

various populations in different generations on various yield and yield 



attributes. In the present discussion importance was given to illicit information 

mainly on the association of yield attributes on seed yield and oil yield / 

plant rather than among yield attributes association. 

5.5.1 Plant height (cm) 

Plant height did not show any significant positive association with oil 

yield and seed yield either in the base population nor in different generation 

populations of various selection schemes / seasons. These results indicated 

that plant height was not effected by selection schemes / generations / seasons 

in influencing oil yield and seed yield / plant. Hence, selection based on plant 

height in improving oil and seed yield may not be worthwhile in sunflower 

breeding. Shivakumar (1995) reported not-significant association of plant 

height with seed yield and oil yield in BPj, MSj, BSj and FS2 populations 

except in HS2 population. Similar type of results were also reported by 

Caylak and Emiroglu (1984), Chaudhary and Anand (1985), Abdel et al 

(1987), Vanisree et al (1988), Cecconi et al (1989), Singh and Labana 

(1990), Khan and Islam (1991), Chaudhary and Anand (1993), Patil (1993) 

and Gangappa and Virupakshappa (1994). It was also observed the association 

of plant height with other yield attributes was not consistent either in the 

population schemes / generations and seasons (Table 120). 
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Table 120 : Correlations which showed significant positive or negative 
relationships of plant height with yield and other yield 
attributes 
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5.5.2 Head diameter (cm) 

The head diameter showed positive significant association with oil 

yield and seed yield / plant in the base populations allotted of various 

selection schemes except in MSQ population. Similar trend was found in the 

first generation populations of various selection schemes except in S, popu­

lation (Table 121). However in the second generation populations / seasons, 

the head diameter did not show significant positive association with oil yield 

and seed yield / plant except MSj population in kharif with oil yield and FSj 

population in summer with oil yield. The weakening of significant positive 

association of head diameter with oil yield and seed yield / plant in most of 

the populations of second generation might have resulted due to weakening 

of strong significant association of head diameter with stem thickness as is 

evident from the second generation populations of various selection schemes. 

Bums (1970) reported high correlation between head diameter and seed yield 

and opined that yield estimations based on head diameter would be reliable 

compared to direct seed yield measurements especially when there was severe 

bird damage in the plot. Similar reports of significant positive association 

between seed yield and head diameter were made by several researchers 

(Singh and Labana, 1990 ; Khan and Islam, 1991; Chaudhary and Anand, 

1993 ; Mogali, 1993 ; Patil, 1993 ; and Gangappa and Virupakshappa, 1994). 

However Natali and Shaik (1970) reported that the association between seed 

yield and head diameter was significantly negafive. 
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Table 121 : Correlations which showed significant positive or negative 
relationships of head diameter with yield and other yield 
attributes 
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5.3.3 Stent thickness (cm) 

Significant and positive correlation was found between stem thickness 

and oil yield / seed yield / plant in the base populations and also in the first 

generation populations derived by various selection schemes (Table 122). In 

the second generation populations in different seasons such strong relationship 

disappeared. The conclusions drawn for head diameter are more pertinent 

here. The significant positive relationship of stem thickness with other 

attributes in second generation populations of MSj, BSj, HSj, FSj, and Sj 

were not consistent in all the seasons. This indicated that not only population 

schemes adopted but also seasons will influence the character association. The 

positive association of stem thickness with oil yield / seed yield / plant was 

also reported by Pathak and Dixit (1990) and Gangappa and Virupakshappa 

(1994). Where as Shivakumar (1995) reported negative association. 

5.5.4 Days to maturity 

Very weak association was recorded between days to maturity and oil 

yield / seed yield / plant either in the base populations nor in different 

seasons / generation populations of mass selection, bulk sib selection, half sib 

selection, fiiU sib selection and selfed progeny selection. These results 

indicated that days to maturity cannot be taken as a criterion of selection for 

the improvement of oil yield / seed yield / plant (Table 123). Similar 

Ob^eWatoS WK made by Shivakumar (1995). Where as significant positive 
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Table 122 : Correlations which showed significant positive or negative 
relationships of stem thickness with yield and other yield 
attributes 
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Table 123 ; Correlations which showed significant positive or negative 
relationships of days to maturity with yield and other yield 
attributes 
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association of days to maturity with seed yield / plant was reported by Singh 

and Labana (1990). 

5.5.5 100 Seed weight (g) 

In the base populations allotted for various selection schemes, it was 

found that 100 seed weight did not show significant positive association with 

oil yield / seed yield / plant. However, in BS,, FS, and FSj rabi populations, 

100 seed weight showed significant positive association with oil yield / seed 

yield / plant (Table 124). Shivakumar (1995) reported significant positive 

association between 100 seed weight and oil yield / seed yield / plant in MSj, 

BSj and HSj population. The negative association of 100 seed weight with 

oil yield / seed yield / plant was reported by Tariq et al (1992). These results 

also indicated inconsistancy in the association of 100 seed weight with other 

attributes in the various populations described by various selection schemes 

and also in different generations, fhis might be due to breakage of linkages 

in the generations or seasonal differences. 

5.5.6 Oil per cent 

Strong significant positive correlation was recorded between oil per 

cent and oil yield in the base population, and first and second generation 

populations of various selection schemes and also in different seasons except 

in S| population, BSj, HSj and FSj populations in rabi season. Whereas in 
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Table 124 : Correlations which showed significant positive or negative 
relationships of 100 seed weight with yield and other yield 
attributes 
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kharif season in Sj population, significant negative relationship was recorded. 

Strong significant positive relationship between oil per cent and seed yield / 

plant was not observed either in the base population nor in the various 

generation populations / seasons except in BSQ, BS, and Sj in summer season. 

These results indicated oil per cent was increased although selection was not 

practiced for oil per cent per se. In consistency of oil per cent with other 

characters in different populations / generations / seasons indicated that 

selection based on oil per cent can not be relied on improving plant height, 

head diameter, stem thickness, days to maturity, 100 seed weight and to some 

extent seed yield / plant also. (Table 125) 

5.5.7 Oil yield / plant 

Oil yield / plant showed significant positive association with oil per 

cent and seed yield / plant in all generation populations / seasons except in 

S2 in kharif and rati, BSj in rabi, HSj in kharif and FSj in summer and 

kharif. Oil yield / plant also showed significant positive association with head 

diameter and stem thickness in the base populations allotted for various 

selection schemes except MSQ population. In MS,, BS,, HS,, MS2 {kharif) 

and FSj (summer), oil yield / plant also showed significant association with 

head diameter and stem thickness. In the rest of the combinations consistency 

in the association was not observed. The results indicated that selection in all 

the populations was mainly based on seed yield and oil yield / plant and 
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Table 125 : Correlations which showed significant positive or negative 
relationships of oil percent with yield and other yield 
attributes 
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hence resulted strong association between oil yield and seed yield / plant in 

the first and second generation populations and also in seasons (Table 126). 

5.5.8 Seed yield / plant (g) 

Seed yield / plant showed strong significant positive association with 

oil yield / plant in the base populations of various selection schemes and in 

the first and second generation population and seasons except with few 

exceptions like MSj kharif and rabi, BSj summer, HSj kharif and FSj in 

summer and kharif. Hence selection for any one trait will improve the other 

trait. Head diameter and stem thickness also showed significant association 

with seed yield / plant in all the populations in the initial generations but 

later associations were weakened (Table 127). This might be due to selection 

mainly based on yield and seed yield / plant in each generation. 

From the foregone discussion it is observed that neither the populations 

nor generations / seasons have effected plant height, days to maturity and 100 

seed weight to influence seed yield and oil yield / plant in positive direction. 

The head diameter and stem thickness in the initial generations of various 

populations showed strong association with oil yield and seed yield / plant. 

Later generations such association weakened because selection in each 

population / generation was mainly based on oil yield and seed yield / plant 

without looking for other attributes. 



Table 126 : Correlations which showed significant positive or negative 
relationships of oil yield with yield and other yield attributes 
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Table 127 : Correlations which showed significant positive or negative 
relationships of seed yield with yield and other yield 
attributes 
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5.6 PATH ANALYSIS 

The direct and indirect effects were estimated in order to find out tiie 

effect of various population schemes in influencing yield and yield attributes 

in different generations and also in season. Much importance was given to 

discuss direct effects only rather than discussing indirect effects. (Table 128). 

In the present investigation, it was found that in all the base populations 

allotted for various selection schemes, oil yield / plant showed very high 

direct effect on seed yield / plant. However, oil per cent in MSQ and HS(, 

populations showed negative effect on seed yield / plant. Where as other 

attributes showed negligible direct effects on seed yield / plant. Where as in 

BS| and HS, populations very high and in MS,, FS, and S, populations high 

direct effects of oil seed / plant on seed yield / plant were observed. Oil per 

cent in BS, populations showed very high direct effect on seed yield but in 

MS, and HS, populations the effects were high and negative. 

In the second generation populations, during summer, oil yield / plant 

showed very high direct effect on seed yield / plant in MSj, BSj, HSj and 

S2 and h i ^ in FSj population. Where as in kharif season, high direct effects 

were recorded in MSj, HSj, and Sj populations and in rabi season in BSj, 

HS2 and Sj populations. These results indicated direct selection of oil yield 

/ plant in summer will improve seed yield / plant. However in kharif and rabi 

seasons, the effects were weakened. The oil per cent showed very high 
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Table 128 : Direct effects of yield attributes on seed yield / plant 
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negative direct effect on seed yield / plant in MS2, BSj and Sj populations 

during summer and high positive direct effect during kharif in MSj, BSj and 

FS2 populations. Whereas in rabi season, low or negligible effects were 

observed. The other attributes like plant hei^t, head diameter, stem thickness, 

days to maturity and 100 seed weight showed variable direct effects on seed 

yield / in different populations / generations. From this, it is inferred 

inconsistency of these attributes in influencing seed yield / plant. 

From the foregone discussion, it is concluded that direct selection for 

oil yield will improve seed yield / plant irrespective of seasons / populations/ 

generations. The rest of the attributes showed inconsistency in effecting seed 

yield / plant directly in various populations / generations / seasons. 

5.7 GENOTYPE X ENVIRONMENT INTERACTION AND STABILITY 

ANALYSIS 

Genotype x environment interaction continues to be a challenging issue 

among plant breeders, geneticists and production agronomists who are 

involved in crop performance trials across diverse environments. Stability of 

performance is considered as an important aspect of yield trials. Plant 

breeders have recognised variability among crop varieties and populations 

across a range of environments. Development of populations with stable 

performance over a range of environmental conditions would allow a 



population to be usefiil and productive in a larger region. Population 

improvement methods applicable to sunflower includes mass selection, S, 

selection, half sib progeny selection, lull sib progeny selection and bulk 

selections etc. Mass selection was widely used to improve yield and 

adaptability in the early stages of sunflower breeding. Similarly the two 

methods viz., selfed progeny selection and half-sib family selections are of 

particular interest to breeders, since these allows evaluation of the combining 

ability of individuals in the population. However, the studies on maize crop 

indicated the superiority of selfed progenies over the other progenies derived 

through different selection schemes in improvement of yields of populations 

(Virupakshappa, 1994). 

All the improved populations which were derived through various 

selection schemes are adapted to a different range of environment. In the past 

the term "stable genotype" often has been used to mean a variety / genotype 

/ hybrid / population that does relatively better over a wide range of 

environments. In a homeostatic genotype, the component characters shift in 

a compensating manner in the changing environments in order to give 

consistent performance of end character. The phenomenon of component 

compensation in imparting homeostasis to complex character has also been 

stressed by Gritfing (1956). 



against pooled error which revealed differential behaviour of populations to 

varying environments for seed yield and its components except for stem 

thickness. The populations also differed significantly for their linear response 

to environmental effects and also for the deviations from the linearity which 

suggested that both the linear regressions and the deviations from the linearity 

were the major components for differences in stability for seed yield and its 

components in these populations. 

A comparison of the effect of five locations on performance of 

populations (Table 91 to 98) indicated that Sirivella centre was superior to 

Nandyal and Badvel locations for oil yield, oil per cent and early maturity 

while Nandyal location favoured for 100-grain weight and plant height. On 

contrary, Badvel centre was found to be superior for seed yield and for late 

maturity. However, the remaining centres viz., Penukonda and 

Mundlamothukapalli locations were favoured for head diameter and stem 

thickness. This indicate that the differences among five locations were not 

from the cultural operations but from unpredictable sources. 

Linear regression represents definite and measurable response to 

environments (Breeze, 1969). However, the variance due to deviations from 

linear function which is primarily due to unpredictable causes depends on the 

environments sampled for testing the material. The influence of unpredictable 



A high degree of environmental variability involving growing season 

of a year or different years or over the different locations influences the 

performance of populations. To assess the specific combination of these and 

other environmental effects would require precise field experimental 

techniques and control (Johnson et al. 1968). In the present study 

environment was treated only in terms of its total etTect over different 

locations in the same year or season and over different dates of sowing in the 

same location. The progenies derived through different selections i.e. mass 

selection, bulk selection, half-sib, full-sib, selfed progenies as well as morden 

variety and MSFH-17 hybrids were enhanced over the five locations as well 

as over five different dates of sowing representative of late Rabi and early 

summer environments. 

ANOVA for stability among populations of sunflower over five 

locations (Table 89) revealed that mean squares due to populations were 

highly significant for all the characters except for oil yield indicating that 

each population differed significantly from one another for yield and most of 

its components thus giving scope for selection. In respect of environments, 

significant differences were observed for two traits viz., head diameter and 

100-seed weight where as for all the remaining characters it was non­

significant indicating stability of all the characters across environments. The 

population x environment interaction was also highly significant when tested 



irregularities for a particular population may be less in one sample of 

environment and reverse may the case in another sample of environments. 

This may be one of the reasons which no definite trend for deviation mean 

squares could be observed in any population over the environments. On the 

basis of these results all the three stability parameters seem to be equally 

important. 

The populations which showed stability for different characters were 

half-sibs, MSFH-17, selfed progenies and Morden for plant height, Morden, 

haif-sibs and fiiU-sibs for days to maturity, full-sibs and selfed progenies for 

head diameter, bulk sibs and half-sibs for stem thickness, mass selection for 

100-seed weight and selfed progenies for seed yield (Table 91 to 98). 

The average performance of the populations over five locations 

revealed that maximum yielding populations i.e. fiiUsibs and half-sibs for seed 

yield were least stable. The same populations also revealed superiority for 

head diameter, stem thickness, and oil yield, however, they were found to be 

least stable. Characters like head diameter, stem thickness, 100-grain weight 

and oil yield appear to be greatly affected due to environments, whereas plant 

height, maturity, seed yield and oil per cent appear to be least affected. 



A perusal of performance of genotypes (populations) based on the 

relative ranking indicated large differences between the populations for mean 

performance ranging from 77.0 to 82.0 days for maturity and 4.36 kg / plot 

(16 g / plant) to 10.61 kg / plot (39.2 g / plant) for seed yield per plot. No 

population appeared to possess the same rank for all the said characters. It 

is to note that fiill sibs population expressed the superiority for seed yield, 

oil yield, stem thickness, head diameter and seed weight but it had late 

maturity and low oil per cent. On contrary, selfed progenies were dwarf in 

height, earliest in maturity and ranked first in oil per cent but it had 

undesirable features with regard to the other characters under consideration. 

The populations like full sibs, half-sibs and bulk sibs in general, seem to be 

high performing for most of the yield attributes. 

The results of pooled deviation of regression from zero indicated that 

almost all the population recorded significant deviation from zero for 

characters except selfed progenies for seed yield, bulk sibs and half sibs for 

stem thickness, full sibs and selfed progenies for head diameter, half sibs, full 

sibs, and Morden for maturity, mass selection for 100-seed weight and half 

sibs, selfed progenies, Morden and MSFH-17 for plant height. Where the later 

characters showed non-significant deviation from zero for the respective 

characters. 



Eberhart and Russell model (1966) was tried to classify the populations 

based on stability parameters for low, medium and high yielding environments 

based on the mean seed yield. The results indicated that half-sibs was found 

to be suitable for high yielding environment as it had high mean and 

regression value more than one. On contrary, full sibs and MSFH-17 were 

found to be suitable for low yielding and stress environments as they have 

higher mean and regression values were negative or approaching zero. 

However, in all the above populations the yield is unpredictable owing to 

their significant deviation form zero (Ŝ ĵj). 

The populations exhibited considerable differences among them for all 

the characters under the study. The populations, Morden and the hybrid 

MSFH-17 for plant height, full sibs for head diameter, half sibs and Morden 

for stem thickness, full sibs for late maturity, selfed progenies for seed yield, 

bulk sibs, full sibs and self progenies for oil yield showed significant 

deviation of regression from unity (bi=l). On contrary, none of the 

populations expressed significant deviation of regression from unity for 100-

seed weight indicating the stability of this trail in all the populations. 

The analysis of per se performance of individual population for all the 

characters revealed that full sibs recorded the highest mean performance 

(desirable) for seed yield, oil yield, head diameter, stem thickness and 100-



grain weight and had undesirable trait performance for maturity, oil per cent 

and plant height. However, its regression co-efficients were negatively lesser 

than one for seed yield, oil per cent, oil yield and maturity, and were 

positively more than one for 100-seed weight, head diameter, stem thickness 

indicating its undesirability from the point of cultivation in large areas part 

of which could be low or undesirable environments. 

The second ranking population half sibs for seed yield had above 

average performance for head diameter, stem thickness, 100-seed weight, and 

oil yield but this population suffers from undesirability for plant height, oil 

per cent and maturity as well as due to its regression above unit value. On 

contrary, the hybrid MSFH-17 had high mean yield, regression value not 

exceeding one indicating its desirability for low yielding environments. 

However, its yield response is of greatly unpredictable in nature due to its 

significant deviation of regression from zero. However, it had desirable 

performance per plant height, and maturity. The other genotypes which 

occupied the bottom rank for seed yield are desirable only for specific 

characters and in general were least performing for the characters under 

study. 

Estimates of stability parameters for plant height revealed that selfed 

progenies, and mass selection population were dwarf and selfed progenies 



were highly negative to favourable environmental changes (bi > 1) whereas 

mass selection and Morden populations were responsive to unfavourable 

environments. Populations also exhibited non-significant selfed progenies and 

Morden mean share deviations thus indicated their good stability under 

respective environments. Similarly for head diameter and full sibs progenies 

were suitable for favourable environment and response is predictable in 

nature. Whereas halfsibs population expressed suitability for favourable 

environment but response was unpredictable in nature. Similar kind of 

unpredictable response and adaptation to poor environment. In general all the 

population was expressed by MSFH-I7 hybrid population for head diameter. 

Stability of population for stem thickness indicated that half sibs, an 

bulk sibs were found to be highly adaptable to favourable and poor 

environments, respectively and were stable whereas full sib population had 

adaptation to average environment but with unpredictable response as it had 

significant mean square deviation from zero. The remaining populations 

though exhibited general adaptation but all of them had reduced stem 

thickness resulting in weakened progenies. Among all the populations, selfed 

progenies were earliest in maturity and had adaptation to unfavourable 

environment with greater stability. Similarly, mass selection population was 

also early in maturity but it showed highly responsiveness to favourable 

environment with greater deviations in response to environmental changes. 



Contrary to this, MSFH-17 hybrid was latest in maturity and exhibited highly 

unpredictable response to poor environment. In general, all the populations 

expressed earliness in maturity when compared to MSFH-17 hybrid 

population and most of the genotypes had general adaptation to poorer 

environment with greater stability. 

For 100-seed weight full sibs and half sibs showed unstable 

performance under favourable environment. Whereas mass selected population 

had stable performance under unfavourable enviroimient. All the remaining 

genotypic populations had lesser seed weight but with stability for poor 

environment except MSFH-17 which showed unstable performance and 

adaptation to favourable environment. 

The genotypes exhibited high range of variability in respect of oil per 

cent being it was highest in selfed progenies followed by morden and full 

sibs with unstable performance having general adaptation to poor 

environment. Similar kind of adaptation of genotypes to unfavourable 

environment with stable performance was expressed with bulk sib population 

for oil per cent. Hence bulk-sibs could be of greater value in improvement 

of sunflower genotypes for high oil content. 
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None of the genotypes expressed stable performance for oil yield. 

However, only two populations viz., full sibs and half sibs had high oil yield 

but with unstable performance. Among these, full sibs was highly adapted 

poor environment whereas half sib population had general adaptation to 

average environment for this important trait. All the remaining genotypes were 

found to be oil yields with unstable performance having specific adaptation 

to either poor or average or favourable environments. 

From the foregoing discussion, it is clear that none of the populations 

were found to be constant in ranking for all the characters under study 

except full sibs and half sibs which were found to be relatively most 

desirable for all the characters except maturity and oil per cent. In the present 

study, it is to conclude that the characters in the populations were highly 

unstable over environments and recorded a decrease in their performance 

under different locations. However, certain populations viz., full sibs, half 

sibs, selfed progenies and bulk sibs expressed stability for specific characters 

like, head diameter, stem thickness, maturity and plant height and showed 

increase in the performance of respective characters. Chaudhary (1978) also 

observed considerable stable performance of characters viz., head diameter, 

seed yield and lOO-seed weight in sunflower genotypes over different 

environments Similar kind of general adaptation and stability of 

sunflower varieties was also revealed by Sharma and Chopde (1979), and 
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Kandalkar (1997). Though similar kind of results have been observed in the 

present investigation with different populations, it is suggested that selection 

strategies may be formulated in order to capitalize maximum exploitation of 

the available variability as well as to generate new variability in the stable 

populations identified for specific characters viz., full sibs populations for 

head diameter, mass selection for seed weight, bulk-sibs for oil per cent and 

stem thickness. 

Further multi-location testing of these populations over a range of 

diverse agro-climatic regions is warranted in order to gather more information 

on the stability and adaptation of these genotypes. 

5.8 STABILITY ANALYSIS OF POPULATIONS OVER DATES OF 

SOWING 

The analysis of variance for stability of populations over different dates 

of sowing (Table 99-106) revealed that variance due to population x 

environment (linear) interaction were significant for four characters viz., oil 

per cent, days to maturity, 100-seed weight and stem thickness when tested 

against pooled deviation and also were significant for all the remaining 

characters when tested against pooled error suggesting that all the characters 

showed differential responses under different dates of sowing. {Rabi to early 

summer sowings). The variance due to environments (linear) was highly 
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significant for plant height, head diameter and seed yield. The mean squares 

for pooled deviation were also found to be significant for all the characters 

except days to maturity indicating the differences in general adaptation and 

stability of the characters over the environments. Significant variances due to 

both genotype x environment (linear) interaction and pooled deviation 

indicated that both predictable and unpredictable components of genotype (G) 

X environments (E) interactions were important in the expression of oil per 

cent, maturity, 100-seed weight and stem thickness while the unpredictable 

component was found to be predominant for the remaining characters 

including seed yield. Similar kind of findings were reported in sunflower by 

Singh and Yadav (1982) and Shinde et al. (1992) under different dates of 

sowing during winter season. 

The individual deviation of all the populations were found to be 

significant for all the characters indicating their unpredictable responses to the 

changing dates of sowing. However, certain populations showed stability for 

certain characters. In the present study, all the genotypes except selfed 

progenies expressed high stability for maturity. Similarly, four populations 

viz., bulksibs, full sibs, Morden and selfed progenies responses exhibited least 

changes in dates of sowing for plant height. On contrary, full sibs, selfed 

progenies and Morden expressed greater stability for head diameter. Morden 

was also found to be most stable population for 100-seed weight besides head 
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diameter. Thus, prediction of stability and performance of individual 

genotypes should be made on stability parameters. 

The expression of different characters in different environments (dates 

of sowing) revealed that 2nd January sowing was favourable for seed yield 

and oil yield but unfavourable for all the remaining characters. However, 16th 

January sowing was superior for the component characters such as head 

diameter, maturity and stem thickness but it greatly reduced oil per cent trait 

in the populations. On contrary, late Rabi sowings highly favoured the 

development traits viz., dwarf height, high seed weight as well as oil per cent 

with 15th November sowing and tall height with 1 December sowing. It is 

interesting to note that early summer season ie., 2nd and 16th January 

sowings were highly conducive for high seed yield as well as oil yield than 

late winter sowings (November and December sowings). Another interesting 

feature that emerged out from this study is that perfect magnitude and 

correlation in the trend between mean and environmental index in the 

expression of the characters. 

The mean performance of the populations in each of the environments 

indicated that full sibs exhibited the highest seed yield, oil yield and head 

diameter in environment V (16 January sowing) and superiority for stem 

thickness with 1 December sowing. On contrary, selfed progenies expressed 
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early maturity with 1 December sowing and highest oil per cent with 15 

December sowing. Mass selection progenies were the dwarfest in height with 

15 November sowing. Whereas full sibs and MSFH-17 expressed maximum 

height with 1 December sowing. In general, it was found that early summer 

was favourable for seed yield and oil yield whereas late winter sowings 

favoured component characters of yield including developmental traits such 

as height and maturity. Contrary to these Telli et al. (1996) reported the 

superiority of spring sowings over summer sowings for the expression of 

characters in sunflower. 

It is to note that none of the populations expressed superiority for all 

the characters over different dates of sowing. Full sibs had highest seed yield, 

seed weight, head diameter as well as oil yield but it had delayed maturity. 

Similarly, the second ranking high yielding population i.e., half sibs had 

desirable traits such as oil yield, 100-seed weight, stem thickness, shorter 

height and head diameter but it was late in maturity and possess low oil per 

cent. On contrary, selfed progenies ranked first for high oil per cent and 

shortest height but it was lowest yielder with undesirable performance for all 

the remaining characters. These progenies could be utilized for the isolation 

of dwarf genotypes with high oil per cent and further recurrent selection 

schemes may be advocated for improvement of these genotypes for oil per 

cent. All the populations also recorded significant deviation from zero in 
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respect of seed yield, oil per cent, oil yield and 100-seed weight and stem 

thickness, indicating the greater influence of unpredictable component in these 

characters. On contrary, they exhibited least response due to environments for 

days to maturity. Similarly instability was expressed for plant height and 

head diameter by three populations and four populations, respectively. The 

populations which showed significant deviation from unity regression were, 

full sibs for head diameter, stem thickness and 100-seed weight; selfed 

progenies for stem thickness and oil per cent ; mass selection for maturity, 

half sibs and MSFH-17 for oil per cent and Morden for 100-seed weight 

suggesting their unstable performance under average environment. 

The results discussed sofar clearly indicated that the response of the 

populations varied in different dates of sowing as evidenced by their 

environmental standard deviations. Therefore, considering this fact, a stable 

population is defined as one with a regression co-efficient near 1.0 and 

deviations from regression approaching zero. 

All the genotypes were evaluated based on the above three criteria and 

full sibs and half sibs populations were found promising for seed yield and 

oil yield with specific adaptation and for average favourable environments, 

respectively, but however their responses to dates of sowing are highly 

unpredictable in nature. Mass selected progenies were found promising for 



early maturity with stable perfonnance and exhibited specific adaptation to 

poor environments. On contrary, MSFH-17 hybrid and Morden were found 

promising stable populations for tall height with least changes over the 

environments. In respect of head diameter, full sibs, mass selection and half 

sibs recorded greater head diameter than general mean but only lull sibs were 

found to be stable. Where as mass selection and half sibs were having 

unstable performance. Among these three populations, full sibs and half sibs 

exhibited adaptation to favourable environment while mass selection was 

suitable for poor environment. 

For 100 seed weight, full sibs, half sibs and bulk sibs were found as 

promising populations but all of them had highly unpredictable behaviour over 

the environments. However, full sibs showed suitability for favourable 

environment whereas half sibs and bulk sibs were suitable for poor 

environment. Though selfed progenies had highest oil per cent but it 

expressed highly unpredictable behaviour and suitability for favourable 

environment. On contrary, Morden and full sibs also recorded high oil per 

cent but with unpredictable response and adaptation to average environment. 

In general, MSFH-17 hybrid was the tallest and late maturity genotype 

than rest of the populations and showed slightly unpredictable response and 

specific adaptations to poor environment. Similarly, selfed progenies and 



Morden were the dwarfer and late maturing genotypes, with stable 

performance and adaptation to poor environments. The results of the present 

study indicated that most of the populations expressed stability and 

predictable behaviour in respect of days to maturity and plant height character 

whereas greater instability and highly unpredictable behaviour for the 

remaining characters. 

The above discussion based on three parameters obviously indicated 

that the populations were highly responsive to changes in different dates of 

sowing (late winter to early summer sowing dates). None of these population 

was stable for all the characters under study except for developmental traits 

such as plant height and maturity. Further, most of the populations which 

were identified as more responsive to each of the individual environment were 

found unpredictable in their performance across the environments. Similar 

kind of findings were reported in sunflower varieties by Kandalkar (1997). 

Hence, different recurrent selection schemes may be practiced and continued 

in the present material for further one or two generations in order to generate 

and develop the stable populations for seed yield, oil yield and its 

components in sunflower. The studies on development and continuous 

evaluation of different sunflower populations derived through different 

selection schemes may be advocated over several locations since the present 

study has been confined to only one location i.e. Nandyal with regarding to 
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dates of sowing. This also enables to obtain additional information on 

response and stability of populations and could be further utilized for 

sunflower crop improvement programme. The best populations identified in 

the present study for specific characters forms valuable source populations for 

isolation of inbred lines in sunflower or may be utilised in future breeding 

programme. 



Chapter - VI 

Summary 
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CHAPTER - VI 

SUMMARY 

The present investigation was undertaken at Regional Agricultural 

Research Station, Nandyal to study the effectiveness of various population 

improvement schemes in improving yield and yield attributes and also 

stability of populations / characters over different locations and dates of 

sowing. The various population improvement schemes applied on Morden 

open pollinated variety were mass selection, bulk sib selection, half sib, full 

sib and selfed progeny selection. 

The Morden base population alloted for various selection schemes 

revealed that the attributes like plant height, head diameter, 100-seed weight, 

oil percent, oil yield and seed yield exhibited wider variability in the form of 

range, mean, variance and co-eftlcient of variation where as moderate 

variability for stem thickness and low for days to maturity. 

When individual schemes effects were considered based on percentage 

increase or decrease in the mean performance of yield and yield attributes, 

it was observed in MSj generation over that of MSQ generation as in case of 

head diameter in kharif and rahi. Similarly in oil percent and seed yield / 

plant in both kharif and rabi seasons. In the other characters, there was 

„egivevtttion 
decreased as the generations advanced in MS, generation. 
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In BS, generation populations, the mean values for yield and yield 

attributes were lower than that of BSQ population except days to maturity, 

100-seed weight and oil percent. Similarly the mean values of BSj population 

in different seasons were lower than BS, and BSQ populations except 100-

seed weight and oil percent during summer. The variance and co-efficient of 

variation narrowed down when it comes to BSj generation. 

Half sib selection scheme has shown an effect in improving the 

attributes like head diameter, 100-seed weight, oil percent, oil yield and seed 

yield in both kharif and rabi by HSj selection, oil yield / plant and seed 

yield / plant were improved by FSj generation. The variances in both half sib 

and full sib families were reduced as the generations advanced. 

In selfed progeny selection, the most affected yield attributes by Sj 

generation were oil yield and seed yield / plant. The extent of reduction was 

ranged form 52.45% (kharif) to 59.5% (summer) for oil yield / plant where 

as for seed yield it was 59.98% (summer) to 63.28% (rabi). 

The comparative evaluation of various selection methods were taken 

into account, the full sib and half sib selection methods were the most 

effective methods in improving yield and yield attributes over all the seasons 

when compared to mass selection, bulk sib selection and selfed progeny 

selection. 
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All the populations expressed greater unpredictable behaviour and 

instability for all the characters across the different locations. However, the 

stability of characters observed in the populations were, selfed progenies for 

seed yield, head diameter and plant height, bulksibs and halfsibs for oil per 

cent, stem thickness and maturity, ftill sibs for head diameter and maturity 

and mass selection tor 100-seed weight. In contrast to these, oil yield, oil per 

cent, 100-seed weight and seed yield were greatly affected by changes in 

locations. 

Full sibs for poor environment, half sibs and MSFH-17 for average 

environment and selfed progenies for favourable environment were found 

suitable. None of these populations were stable in performance for all the 

characters. 

Similarly the genotype and environments (dates of sowing) revealed 

both predictable and unpredictable components of populations x dates of 

sowing interaction were important in the expression of oil per cent, maturity, 

100-seed weight and stem thickness while the unpredictable component was 

predominant for all the remaining characters. 

The populations were highly responsive to changes in different dates 

of sowing. None of the populations were stable across the seasons for the 

characters under study. However, the populations expressed stability for 

certain characters over different dates of sowings, (late winter to early 

for eat\^ maturity, and head diameter. 

, , ,er^ m ^̂ \fei ?^« -̂̂  
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The genetic parameters for yield and yield attributes were worked out 

in HS,, FS, and S, generation progenies. These results indicated that in HS, 

generation, the attributes like 100-seed weight, oil yield and seed yield / plant 

have shown high heritability and genetic advance. So ample scope for further 

improvement for these characters by simple selection. Similar observations 

were made in FS, and S, generation populations also. 

The genetic parameters were also worked out in the second generation 

over all populations of various selection schemes. The results indicated not 

much of the differences existed between GCV and PCV values of all yield 

and yield attributes in all the seasons and hence resulted in recording high 

heritability estimates. However, the expected genetic advance values were low 

in head diameter, stem thickness, d^s to maturity and lOO-seed weight in all 

the seasons. High heritability and genetic advance were found in plant height 

and seed yield and hence simple selection may improve the characters. 

The character association studies revealed that neither various 

population improvement schemes nor generations of the schemes have any 

effect of plant height, days to maturity and lOO-seed weight to influence seed 

yield and oil yield / plant. The head diameter and stem thickness in the initial 

generations of various selection schemes showed strong association with oil 

yield and seed yield / plant. However, later such associations were weakened. 
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The oil yield / plant showed strong positive significant association with seed 

yield / plant in almost all the generation populations. 

The results of path analysis revealed that oil yield / plant showed 

maximum direct effect in seed yield / plant irrespective of seasons / 

populations / generations. The rest of the attributes showed inconsistancy in 

effecting seed yield / plant directly in various populations / generations / 

seasons. 

The study on genotype and environmental (locations) revealed 

significant differences among the populations for all the traits except for oil 

yield. The linear component of G x E was predominant for oil percent 

whereas non-linear component was predominant for all the remaining 

characters. 

Penukonda and Badvel locations were found to be superior 

environments for seed yield, head diameter and stem thickness. Similarly, 

Sirivella location was found to be superior for early maturity, high oil yield 

and oil per cent whereas Nandyal location was favourable for plant height 

and 100-seed weight. 



Morden for maturity, plant height, 100-seed weight and head diameter, bulk 

sibs and full sibs for plant height and head diameter. 

Early summer season (2 and 16 January) sowings were highly 

favourable for seed yield, and oil yield characters, whereas late winter season 

(November and December) sowings were favourable for dwarf height, 100-

seed weight and oil per cent as well as for other components of seed yield. 

Full sibs population expressed superiority for seed yield, 100-seed 

weight, head diameter and oil yield where as selfed progenies were superior 

for highest oil per cent and shortest plant height across different dates of 

sowing. 

Full sibs and half sibs were found promising for seed yield and oil 

yield for cultivation under average environment. Whereas mass selected 

progenies for maturity and selfed progenies for oil per cent were promising 

under poor environment. 

The testing of the present populations in multi-environments over 

locations and seasons in a bigway is suggested in order to assess the stability 

and behaviour of populations. 
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Plate : 3 MS2 Generation 
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BULK SIB 

Plate : 4 Base popui. ..otted for bulksib selection (BSo) 

Plate : 5 BSi Generation 



3 ^ 

Plate : 6 BS2 Generation 
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Piate : 7 Base Population allotted for half Sib selection 

Plate : 8 HSi Generation 
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Plate : 9 HS2 Generation 
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Plate : 10 Base Population allotieu lui lun aiu selection (FSJ 

Plate : 11 FS^ Generation 
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Plate : 12 FS2 Generation 
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Plii.w . iw «uae Population ailoted for selfed progeny {SJ 

Plate : 14 S. Generation 
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Plate : 15 S2 generation 
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