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ABSTRACT

The present investigation entitled “Studies Genetic Variability
in China asterCallistephus chinensis” was undertaken to obtain
information on the genetic variability with respetd metric traits
among 30 China aster genotypes.The analysis of areaé, revealed
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number of lateral branches plahtand number of flowers plant
! The estimates of broad sense heritability wererfduhigher for all
the traits under study which varied from 71.73 9@.03 per cent.
However, the traits like flower yield plant length of flower stalk,



main stem diameter, number of flowers pldntflower diameter,
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Chapter-1
INTRODUCTION

China astefCallistephus chinensis is a self pollinated crop (Strube, 1965),
belonging to the family compositae (Asteraceael ismative to China. But the
literature showed that the single and semi-doulalgeties are predominantly
cross-pollinated, whereas the double ones are gigneelf pollinated (Janakiram,
2005). The Genu€allistephus derived its name from two Greek words “Kalistos”
meaning most beautiful and “Stephos” meaning a oraeferring to the flowers.

It was first named by Linnaeus Aster chinensis and Nees subsequently changed
this name tdCallistephus chinensis. Considering the close association of flowers
with our daily life, records of commercial flowergaluction in country are few.
However, with changing life styles and increasingam affluence, floriculture
has assumed a commercial status. Floriculture tndiss now become one of
the rapidly expanding and dynamic global activities

Floriculture is a fast growing agri-industry india. Commercial potential
of floriculture as a viable agri-business entegpriseceived attention of
Government of India during Eighth Plan. Liberalieat of economic policies
encouraged corporate houses and first generatienpeaeneurs to invest in setting
up export oriented units. The global trade in flahure is estimated at U.S.D.
fifty billion and trade of over six billion in culowers and pot plants with an
annual growth rate of 17 percent. The major destina for fresh cut flowers
from India are Japan, Netherlands, Germany, U.Kndgdkong and Gulf
countries.

Indian floriculture industry has more or less bhshed itself in the
national and international market in last two desadThe quantum jump
witnessed in production and trade of floricultugoducts is due to sound

research system, focussed attention of Governmeunpled with innovative
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entrepreneurs. The export of floricultural produtés increased from Rs.8 crores
in 90-91 to Rs.87 crores in the years 1997-98.

The year 2000-2001 witnessed the export of absd2B.12 crores worth
of floricultural products, out of which nearly tvibird of the trade is actually the
dried flowers and less known plants. As far as oorgion of flowers is
concerned, it has increased manifold. The totalldvexport of floricultural
products in 2000 was US $ 7662922400. The Netheénamained world’s largest
exporter of floricultural products with a share58f percent total export. Among
the importers, Germany is the largest importingntgufor floricultural products.

It imports floricultural products worth $ 1,457,68® (Dadlani, 2002).

India is endowed with diverse agro-climatic coiwtis, which is
conducive, for growing all kinds of flowers throwmit the year. In cut flower
trade, it has made an impact in the global marketndia, area under different
flower crops all over the country during 2002-03 sw@0419 hectare and
production of loose and cutflower was 734912 tonaesl 2060.5 million,
respectively. But in our state the area underdidtiural crops during 2002-03 was
69 hectare and production of loose and cut flomexs 38 tonnes and 0.7 million,
respectively (Anonymous, 2005).

China aster is an important cut flower throughtwat world, which can be
easily grown in open fields and green houses fodgetion of cut flowers and
loose flowers. The flowers are used as cut flovieranterior decoration and as
loose flowers for worship and informal beds. Thawer is in great demand
during the festivals like christmas, diwali, dashetc. The crop is also grown as
herbaceous border in gardens. China aster is latfyhannual and the both
flowers as well as plants are damaged by frostntPlare erect and braches are
having hispid hair. Branches bear alternate broaugte or triangular ovate and
irregularly toothed leaves. Flowers are solitarg aiue, lavender, rose and white
and these are prominent colours. In India, itrnsiraportant flower for winter
plantings in the plains, while in the hills it prozks flowers in late summer and

autumn.



The present varieties were developed fragallistephus chinensis.
Majority of improvement work is being carried ontEurope. However, not much
attention was given for its improvement in our coynAlthough work on its
genetic improvement in India started during eaelyesities, with major objectives
to increase number of flowers per plant and staiigth; to improve size, shape
and colour of flowers and to breed for cut flowerieties with good keeping
quality. Fleming (1937) estimated approximately @grcent natural crossing in
China aster. However, Strube (1965) mentioned ihaChina aster, care and
precaution is needed to avoid occasional crossnptitbn due to insects or other
pollinating agents. Negit al. (1983) reported that, the magnitude of variability
and heritability of desirable characters in thepcaoe important considerations for
planning breeding programme. Jankiram and Rao (198éntioned that,
knowledge about the magnitude of genetic varigbilénd heritability of
characters is essential for a successful breedmgygmme in case of China aster.
The success of phenotypic selection depends uporatige of genetic variability
available in the population. Burton and Devane g)98mphasized that, the
genetic variance and heritability along with geme#idvance are useful in
informing the genetic facts. Further, they emphadithat genetic advance and the
estimates of correlation coefficient, between wuasiocharacters should be
considered for the assessment of maximum and deceféect of selection.
However, selection of parents based on individtiaibaites may not be as good
and advantageous as the ones based on a numlmnpbdents collectively. The
information on these aspects in China aster underclimatic conditions of
Kashmir Valley is lacking. Hence, the present iigedion was undertaken with
following objectives:

1. To assess the extent of genetic variability wigpeet to vegetative
and floral traits.
To study the nature of heritable components.

3. To identify important genotypes using principal gmnents
analysis.



4. To study the interrelationship among various ecdoaly

important characters.



Chapter-2
REVIEW OF LITERATURE

The success of any breeding programme depends eorprétsence of
sufficient genetic variability to help in effectigelection. It is important to assess
the relative magnitude of components of variability order to use such
information, together with other selection paramefer improvement of the plant
type through adoption of effective breeding methddshnsonet al., 1955;
Hansonret al., 1956; Briggs and Knowle’s 1967). It is necessardivide the total
phenotypic variance of the entire characters its@omponents, as these are the
basis for a genetic analysis and the dimensionthege components divide the
breeding behaviour of the populations. Such selacparameters, particularly
genetic variability (GCV), helps to choose a patnigenotype, whereas
heritability (If) along with genetic advance as percentage of meamore useful
in predicting the resultant effect from selectionis best genotypes. A brief
account of pertinent literature on different aspeof the present study is
addressed under the following headings.

2.1 Variability

2.2 Heritability and genetic advance

2.3 Correlations

2.4 Principal components analysis
2.1  Variability

For effective selection and utilization of genotypdor breeding
programme, a thorough study of genetic variabiigy essential. Genotypic
coefficient of variation indicates the relative mégde of genetic diversity,
present in the material and helps to compare tmetge variability present for
different characters.

Singhet al. (1977) carried out genetic variability studiessimflower and

observed high genotypic coefficient of variationr fgield and plant height
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which indicated that there was greater variabflitythese characters as compared
to others among the varieties studied.

Negiet al. (1983) studied genetic variability in 19 varietafsChina aster
and reported that the varietal differences in respéd all the characters were
highly significant. Variation was high for numbef Blowers plant, flower
weight and stalk length. The genotypic coefficieftvariation was highest for
flower weight followed by stalk length and numbefr flowers plant. Also
reported that PCV were higher than GCV for all¢tharacters studied.

Raghavaet al. (1992) worked out genetic variability estimates in
chrysanthemum and reported that variation was fuighumber of flowers plant
! and flower yield plarit. However, the genotypic coefficient of variatioasthe
highest for flower yield plant-followed by number of flowers plahtand flower
size.

Jhonet al. (1994) reported that, genetic variability in 1Tigdes ofZinnia
elegans was highly significant in respect of eight chaemst The highest
coefficient of variation was shown by number of imaes plant followed by
flower weight and number of flowers planivhereas, the least values were shown
by days to flower followed by duration of flowerin§he genotypic coefficient of
variation was highest for the number of flowersnpfafollowed by number of
branches and flower weight.

Janakiram and Rao (1994) carried out variabilitigi®s in China aster and
reported that variation was high for plant spreadmber of laterals plafit
number of flowers plafit and flower yield plart. Whereas, high genotypic
coefficient of variation was recorded for numberfloiwers plant. They also
reported that GCV were lower than PCV for all thamacters studied.

Singh and Sen (2000) evaluated 12 cultivars of cafti and French
marigold and reported that the phenotypic and ggrmotcoefficients of variation
were high for flower yield followed by number obflers plant, plant spread and

least for duration of flowering in case of Frenchlrigold. However, in case of



African marigold variability was high for dry weigbf flower, medium for fresh
weight of flower and low for north-south plant spde

Sirohi and Behera (2000) studied genetic variagbilit chrysanthemum
and reported that phenotypic coefficient of vaaat{PCV) were higher than those
of genotyphic coefficient of variation (GCV) forlahe characters. However,
higher GCV x PCV estimates were found for numbeflmfers plant followed
by number of branches plarand disc diameter.

Kumar and Patel (2003) studied 11 genotypes of £aster for 14 metric
traits and the analysis was significant for all tharacters. The GCV was higher
for plant spread., leaf area planaverage weight of fresh flower and flower yield
plant’. Highest genotypic coefficient of variation andepbtypic coefficient of
variation was observed for plant spread followedfloyer yield plant. They
also reported that GCV were lower than PCV fotladl characters studied

Kishore and Raghava (2001) worked out variabilsggireates in African
marigold and reported that phenotypic coefficiarftyariation were higher than
those of genotypic coefficient of variation, howevVeigher phenotypic and
genotypic coefficients of variation were found ftawer weight plarit followed
by flower yield plant and seed yield flow&r

Patnaik and Mohanty (2002) studied variability ifriéan marigold and
reported that, the phenotypic coefficients of vi@mimwere higher than genotypic
coefficients of variation for all the traits studieHigher genotypic and phenotypic
coefficients of variation were observed for trditee yield of flowers plant,
individual flower weight, number of flowers plahtand plant height while
remaining traits exhibited moderate to lower valigggthese parameters.

Nair and Shiva (2003) carried out variability sesliin gerbera and
reported that GCV was lower than PCV for all thechhracters indicating the
role of environment in the expression of genotydeximum estimate of GCV

was recorded for leaf area followed by cut floweld.



2.2 Heritability and genetic advance

The effectiveness of selection for ammaracter does not depend on the
amount of phenotypic variability alone. It is ofegt interest to the breeder to
determine how much of phenotypic variability, whishpresent in a particular
character is heritable. The heritability estimgissvide such a measure.

Heritability value alone may not provide clear gictability of the
breeding value. Its estimate along with geneticaade are usually more useful
than simple heritability values in predicting tresultant effect for selecting the
best individuals (Johnsaet al., 1955). This is due to the fact, that a charactay m
have very high heritability but very less phenotypariation. Thus, giving low
values of genetic advance.

Pathak (1974) also found high heritability (broatise) for stem diameter
and medium heritability for seed yield plargnd head diameter in sunflower.

In yet another study, Negt al. (1983) worked out heritability estimates
for seven characters in China aster and the clegatike flower weight; stalk
length; flower size and plant height exhibited higtlues of heritability, whereas,
number of flowers plafft days taken to flower and number of branches tplan
had medium heritable values. However, high helitgtalong with high genetic
advance was observed for flower weight and staigtle

Similarly, Barigidadet al. (1992) studied variability in chrysanthemum
and worked out heritability and genetic advancéreges for all the characters.
However, highest heritability (broad sense) andejeradvance were observed
for number of branches plahfollowed by number of flowers plaht

Aswath and Parthasarathy (1993) found high hetitalsind coheritability
for all the characters in China aster. Whereastaicecharacters like plant spread
and stalk length showed medium to low heritabildy the basis of higher
estimates of heritability and coheritability. Thiere, it was suggested that the
characters studied were controlled by additive gaation.

Jhonet al. (1994) reported high heritability coupled with higenetic
advance for number of branches pfarftower weight and number of flowers



plant® in Zinnia elegans but high heritability with moderate genetic advaneas
observed in flower size, plant height and planeapr

Similarly, Janakiram and Rao (1994) worked outtheéiiity estimates for
nine characters in China aster and reported thahelnine characters exhibited
high values of heritability. High heritability algrwith high genetic advance was
observed for characters like plant spread; numbdaterals plant; number of
flowers plant’; flower weight and flower yield.

In yet another study, Raghava and Negi (1994) ebd®2 China aster
varieties in a half diallele cross to estimate germmponents of 12 metric traits.
Variation due to additive effects were found coltitng the traits like flower size
and ray florets per flower head. Other traits jk@nt height, main branches plant
! lateral branches plaht plant spread; flowering duration and cut flowie |
showed preponderance of dominance components liwedditive components in
their expression.

Patil and Rane (1995) recorded information ontability from data on
12 yield and quality components from 09 diversen@haster genotypes and their
72 R hybrids. He further reported that narrow sensddtslity estimates were
very high for all 12 characters studied. Howeviewas highest for plant height
and ray floret rows flowér(75.2%).

Singh and Sen (2000) found high heritability wikv genetic advance for
number of branches and duration of flowering agetes patula, and plant height;
number of branches; plant spread; days to 50% fiogeand duration of
flowering in Tagetes erecta. However, they also observed high heritabilityhwit
high genetic advance for flower yield and numbefflofvers plant in case of
Tagetes patula.

In yet another study, Sirohi and Behera (2000) iedrrout genetic
variability studies in chrysanthemum and reportégh hheritability with high
genetic advance for number of branches fladisc diameter, number of petals

flower™ and yield of flower.



Patnaik and Mohanty (2002) carried out heritapibtudies inTagetes
erecta and found that estimates of broad sense heritalli various traits varied
from 26.50 percent to 83.90 percent. Very high ¢8Meritability values were
recorded for individual flower weight, followed byays to flower and plant
height. High heritability with low genetic gain waexhibited by stalk length,
plant spread (North-South) and duration of flowgnvhereas, moderate estimates
of genetic advance and moderate to high estimdtesraability were showed by
plant spread (East-West), depth of flower and day®wer.

Similarly, Kumar and Patil (2003) studied varigilin China aster and
reported that the broad sense heritability estimmat#tained were generally high
for all the characters except for time taken fostfiflower bud initiation and
flower diameter. Higher heritability values weresebved for characters like plant
height; plant spread; days to first flowering; dioa of flowering; number of
flowers plant; flower yield plant; stalk length and vase life. Highest heritability
along with highest genetic advance was observedlfomt spread followed by
flower yield plant’.

Nair and Shiva (2003) worked out heritability esites in 25 genotypes
of gerbera for 11 quantitative traits and founat tihroad sense heritability ranged
from 43.92% (weeks to first flowering) to 99.99%uftcflower yield). High
heritability values were associated with high vabfiexpected genetic advance as
percent mean for cut flower yield, leaf area andnber of leaves plaiitand
moderate for flower head diameter, length of flostak and vase life.

2.3  Correlations

The idea of correlation was sered and elaborated by
Fisher (1918) and Wright (1921). The direct obsklegphenotypic correlations
do not indicate the magnitude and direction of @@gmo correlations. The
genotypic correlation presents a true genetic pactf relationship between the
genes controlling the characters. The correlatbrtharacters may be due to

either genetic linkage or pleiotropy (Harland, 1p3Besides pleiotropy and
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linkage, association loci or blocks of loci located different chromosomes may
bring about correlated response. Any kind of nardoan segregation might cause
temporary correlations (Lerner, 1958).

Oka (1972) carried out correlation studies in smmwéir where it was
indicated that number of days to flowering and plagight were correlated with
each other but, not with head diameter.

In yet another study, Shanmugasnal. (1972) worked out correlation
coefficient between the flower yield and each of sharacters in ‘white’ and
‘yellow’ cvs of chrysanthemum, height at first flewing; total increase in height;
number of laterals; duration of flowering; numbérdays to first flowering and
size of flowers. All relationships were significaait5 per cent except for size of
flowers in ‘white’ cv and height at flowering inghyellow’ cv.

Negi et al. (1983) studied correlation in China aster andoresal that
genotypic correlation coefficients were higher théwe phenotypic correlation
coefficients. Days taken to flower had positivendigant correlation with number
of branches plaftt flower size; stalk length and flower weight whifgant height
showed significant positive association with flovegze; flower weight and stalk
length. Whereas, flower size had positive signiftcaorrelation with flower
weight and stalk length but was negatively coreslawvith number of flowers
plant.

Raghavaet al. (1992) carried out correlation studies in chrylantum
and observed higher genotypic correlation coeffisghan phenotypic correlation
coefficients for all characters. Positive and digant correlation was observed
for days to flower with number of flowers pldnand flower yield plant.
However, flower size had negative and significaotrelation with number of
flowers plant but it had positive and significant correlationtiwilower yield
plant.

Similarly, Aswath and Parthasarathy (1993) cardaticorrelation studies
in 12 varieties of China aster and observed a vadge of phenotypic correlation

for some characters viz., plant height, stem s@aneter and number of flowers.
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The lowest genotypic and phenotypic correlation Wwasveen height of plants
and flower diameter whereas the highest genotypicetation was observed
between height and number of flowers. Height ohfdaalso exhibited significant
genotypic and phenotypic correlations with vase lif

Jhonet al. (1994) carried out correlation studies in 11 e#@es ofZinnia
elegans and reported that plant height had positive aggiicant correlation
with days to flower, duration of flowering, flowesize and flower weight,
however, number of branches planexhibited significant association with
number of flowers. Flower size showed a positivgniicant correlation with
flower weight.

In yet another study, Janakiram and Rao (1994)echmut correlation
studies in China aster and reported that genotypicelation coefficients were
higher than phenotypic correlation coefficient. Bayp flowering had positive
significant correlation with number of main branshplant. While it had
negative significant correlation with flower siz&lower size had positive
significant correlation with flower weight and néiga significant correlation with
number of flowers plafit Positive significant association was observedvben
number of flowers and plant height, number of niaianches plaitand number
of lateral branches plaht

Narayana and Patel (1998) carried out correlatiodiss in sunflower and
observed an appreciable positive significant catieh between seed yield and all
the growth and yield attributing characters vizgnp height, stem girth and leaf
area index. Head diameter and filled seed percést mdicated significant
positive correlation with seed yield.

Sirohi and Behera (1999) in chrysanthemum obsehighly significant
and positive phenotypic association of yield withmber of flowers plaff; plant
spread and number of branches plabut the association of flower diameter and
number of flowers plafitwas significantly negative. They also observed the
number of flowers plaffthad high direct effect on yield through number of

branches plafit
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Pratapet al. (1999) studied correlation in marigold and revdaileat in
case of African group, the height of plant exhidhiositive significant correlation
at genotypic and phenotypic level with spread anpland number of lateral
branches. However, plant spread recorded signifipasitive correlation with
size and yield of flowers plaht In case of French group, plant height showed
positive significant correlation with number ofdedl branches, days to visibility
of bud, first picking and last picking of the florge Whereas, plant spread showed
positive correlation with number and yield of flews plant.

Baweja (2000) studied correlation in China asted @bserved that
estimates of genotypic correlation coefficients avenigher than those of
phenotypic correlation coefficients for almost alie characters. However,
positive and highly significant phenotypic assaomatof yield was observed with
the number of flowers plant plant spread and number of branches plant
Whereas, flower diameter and number of flowers tlamere negatively
associated, although duration of flowering had sitp@ phenotypic association
with vase life. He also observed that days to fiswer opening had a negative
association with the number of branches, numbeftosfers plant and flower
yield plant!, indicating the earliness of flowering.

Similarly, Kumar and Patil (2003) studied corredatin 11 genotypes of
China aster and reported that flower yield hadtp@ssignificant correlation with
the flower diameter and number of flowers pfanvhereas, number of flowers
plant' had a positive significant association with numbeétaterals plant and
stalk length. However, stalk length is positivetydasignificantly associated with
flower diameter. Whereas, days for first flowerisigowed a highly significant
correlation with plant height.

Hegde and Gopinath (2003) carried out correlatiliss inGaillardia
pulchella and observed that yield of flowers planhad significant positive
correlation with leaf area plahtnumber of branches plahand number of
leaves plant but had significant negative correlation with dioa of flowering.

Diameter of flower had significant positive cortgda with number of leaves
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plant®, stalk length, number of branches pfamumber of days taken for first
flowering and height of plants.

Nair and Shiva (2003) studied correlation in geab&nd reported that the
genetic correlation coefficients were high in mageé than the corresponding
phenotypic correlation coefficients. Cut flower Igiehad significant positive
correlation with plant spread and number of leaygant'. Whereas, number of
leaves plant and leaf area showed positive significant cori@fatvith diameter
of flower head at both genotypic and genotypic leve
2.4  Principal components analysis

It is a tool of multivariate analysis which is usetien several correlated
characters are studied together. Principal compgenare independent linear
combination of original correlated characters. tFpancipal component (P
contains maximum variability followed by the secof®C) and so on. Thus
instead of studying many variables, we summarieeathole information into one
or two variables which are called principal compuse

Asawaet al. (1977) observed in unflower that, selection basedlant
height and percent seed filling would be more @ffit as they account for 82
percent (82%) of the variability in yield.

Similarly, Lakshmanaiah (1978) reported that in fewwer, relative
efficiency was the highest in the index consistih@ll the 12 characters studied.
Among the characters included in the index, capitudiameter was the best in
increasing the efficiency in most of the charactembinations followed by 100-
seed weight, percent seed filling and plant height.

Bhargaveet al. (2005) determined the genetic diversity in 44 nggasm
lines of Chenopodium spp. and reported that first four principal compuse
contributed 88.10 per cent of the variability prgsemong the lines. Three
characters contributed positively to all the foemponents. The first principal
component (PG had plant height, inflorescence length and steameter as the

variables with largest coefficients.
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In yet another study, Ghafoet al. (2001) reported genetic diversity in
blackgram through principal component analysis amliserved positively
contribution of traits viz; days to flowering andy® to maturity associated with
the vegetative growth. Leaf size had moderate ipesiveight on Pg while
inflorescence length exhibited negative weight.sTéiiggests that the lines that
emphasize vegetative growth tend to have largerekedut fewer number of

inflorescences.
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Chapter-3

MATERIALS AND METHODS

A field experiment entitled “Studies on geneticighility in China aster
(Callistephus chinensis)” was conducted during the year 2005 at experinienta
farm of the Division of Floriculture, Medicinal andromatic Plants, Sher-e-
Kashmir University of Agricultural Sciences and Teology of Kashmir. The
details of the material used and methods employaa lbeen described in this
chapter.

3.1 Experimental site

The investigation was conducted at the experimeatah of Division of
Floriculture, Medicinal and Aromatic Plants at mammpus of Sher-e-Kashmir
University of Agricultural Sciences and Technology Kashmir, Shalimar,
Srinagar which is situated 16 km away from citytoenhat lies between 345
N latitude and 7498 longitude at an altitude of 1587 meters aboventean sea
level.

3.2 Climate

The climate is temperate-cum-mediterranean and iraontal type
characterized by hot summers and severe wintemsn@winter the temperature
sometimes goes below freezing point and whole efwalley is covered with
snow. The average annual precipitation is 944.6(anarage over past 30 years)
and more than 80% of precipitation is received fremstern disturbances. The
mean monthly meteorological data collected durihg growing season is
appended in Appendix I. It can be observed fromdat that mean maximum
temperature ranged from 20°80to 30.72C and minimum from 6.2€ to
17.42C, the relative humidity ranged between 59.17 perdge June to 72.60
percent in July during the entire growing seasdre tal rainfall received during
the entire growing season of 2005 amounted to B4&®. Highest rainfall was

received during the month of July i.e. 131.5 mm.
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3.3  Soil characteristics

The soil of the experimental plot was silty clayho in texture having
organic carbon 0.98 percent, pH 6.93, availableogén 335.71 kg ha
phosphorus 15.38 kg fiand potassium 198.28 kg-ha

3.4  Experimental details

|. Design : Randomized Block Design
II. Treatments : 30 genotypes

S.No. Accession number of the genotypes
1. Ast-1

2. Ast-2

3. Ast-3

4. Ast-4

5. Ast-5

6. Ast-6

7. Ast-7

8. Ast-8

9. Ast-9

10. Ast-10

11. Ast-11

12. Ast-12

13. Ast-13

14. Ast-14

15. Ast-15

16. Ast-16

17. Ast-17

18. Ast-18

19. Ast-19

20. Ast-20

21. Ast-21

17



22. Ast-22

23. Ast-23
24. Ast-24
25. Ast-25
26. Ast-26
27. Ast-27
28. Ast-28
29. Ast-29
30. Ast-36
[ll. Replication(s) : 3
IV. Net plot area : 2.2m
V. Spacing ; 30cm x 20 cm
VI. Number of plants per treatment per replicatio 20

3.5 Field/ Cultural operations
3.5.1 Nursery raising

Seeds were sown in clay baked pans which weredfildth well
proportionate rooting media for obtaining seedlingse seedlings get ready for
transplanting in 40 days.
3.5.2 Land preparation

The land preparation was carried out thoroughlsstkef all it involved the
digging of land which was followed by clod breakindeweeding and finally
leveling and preparation of plots as per layoun ey 1.
3.5.3 Application of manure and fertilizers

The organic manure in the form of well rotten faerdy manure was
applied and thoroughly mixed with the soil 20 dégfore the transplanting of
seedlings. The recommended basal dose of N, P a@d 90, 60 and 60 kg Ha
through urea, diammonium phosphate and muriateotdsp, respectively were
also given 01 day before transplanting. Top dressif nitrogen @ 90 kg Ha

was given 45 days after transplanting.
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R-1 R-II RII
Ast-1 Ast-19 Ast-10 Ast-5 Ast-36 Ast-20
Ast-24 Ast-11 Ast-16 Ast-19 Ast-23 Ast-9
Ast-13 Ast-2 Ast-12 Ast-22 Ast-4 Ast-15
Ast-20 Ast-26 Ast-3 Ast-9 Ast-24 Ast-7
Ast-3 Ast-28 Ast-24 Ast-20 Ast-11 Ast-29
Ast-25 Ast-12 Ast-11 Ast-15 Ast-8 Ast-5
Ast-36 Ast-4 Ast26 Ast-21 Ast-16 Ast-10
o - =
O (& (&
Ast-5 5 Ast-18 Ast-8 S Ast-4 Ast-12 g Ast-25
g g g
Ast-14 1 Ast21 Ast-17 1 Ast14 Ast-28 ] Ast-6
Ast-27 Ast-6 Ast-27 Ast-23 Ast-2 Ast-21
Ast-22 Ast-15 Ast-7 Ast-11 Ast-18 Ast-13
Ast-7 Ast-29 Ast-36 Ast-25 Ast-22 Ast-27
Ast-17 Ast-8 Ast-13 Ast-18 Ast-3 Ast-1
Ast-10 Ast-23 Ast-29 Ast-28 Ast-26 Ast-14
Ast-16 Ast-9 Ast-1 Ast-6 Ast-17 Ast-19

Fig: Layout Plan of the Field Experiment

Net plot size = 2.2 fn




3.5.4 Transplanting of seedlings

Before transplanting, the seedlings were treatad ®avistin 0.1 percent
as a protective measure against the fungal diseAséise transplanting time, the
seedlings had developed three to four leaves am$pianting was done during
the evening hours in order to avoid bright sunshatea spacing of 30 cm x 20
cm.
3.5.5 Cultural operations

The experimental plots were kept free from weedselgylar hoeing-cum-
weeding and experimental field was sprayed withewdbr 10 days after
transplanting and afterwards flood irrigation wasiated as per the requirement.
Timely pest and disease control measures were edi@ptd the details about the
different cultural operations adopted throughowt giiowth period are presented
in Table-1.

Table -1: Calendar of operations

S.No. Operation 2005
1 FYM application May, 5
2. Land preparation and layout May, 22
3. Fertilizer application
Basal dose (N, P, K) May, 24
Top dressing (N) July, 9
Transplanting May, 25
Hoeing-cum-weeding
Ist June, 9
2 June, 22
3d July, 9
6. Irrigation
Ist June, 5
2 June, 15
3¢ June, 25
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4n July, 5

7. Plant protection measures June, 12
Fungicide drenching (Bavistin @ 0.1%)
8. Harvesting of cut flower July, 28 to August, 30

3.6 Biometric observations

In each experimental plot from the middle rowsatwid border effect, five
randomly selected plants were tagged for recordimg following biometric
observations and the mean values for different attars were subjected to
statistical analysis.
3.6.1 Vegetative and floral characters
3.6.1.1 Plant height (cm)

Plant height of five representative plants wasorded in centimeters
with a metre rod from the ground level to the topsiflower and mean values
were worked out.
3.6.1.2 Number of leaves plarit

Number of leaves from each representative plardgaich genotype was
counted and average was worked out.
3.6.1.3 Number of main branches plant'

Number of main branches from each representgtiaet was counted
and mean values were worked out.
3.6.1.4 Number of lateral branches plant'

Number of laterals from each representative plaat counted and
average was worked out.
3.6.1.5 Leaf area index

The leaf area index was worked oubhvlie help of Canopy Analyser.
3.6.1.6 Main stem diameter (cm)

Main stem diameter of each representative pleas measured with

vernier calipper and the mean values were worked ou
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3.6.1.7 Days taken to appearance of first flower bud (DA)

Days taken from transplanting to appearanceirsf flower bud were
recorded from representative plants of each geeofymd average was worked
out.
3.6.1.8 Days taken to first flower bud opening (DAT)

Days taken from transplanting to first flowerdbopening were recorded
from representative plants each genotype and azavag worked out.
3.6.1.9 Number of flowers plant*

Number of flowers from each representative plamais counted and
average was worked out.
3.6.1.10 Flower weight (gm)

The weight of flower from each representativanplin each genotype
from each replication was recorded on a balancett@mdverage was worked out
in grams.
3.6.1.11 Flower diameter (cm)

The flower diameter from each representative pheag measured with
the help of a measuring scale when it was full cgrech mean values were worked
out.
3.6.1.12 Length of flower stalk (cm)

Stalk length of flowers harvested from repréative plants in each
genotype was measured with measuring scale aral/rage was worked out.
3.6.1.13 Duration of flowering (days)

Each representative plant in each genotypetagged on the day of
anthesis and the days taken from anthesis tilfldweer lost its decorative value
were recorded and the mean days were worked out.
3.6.1.14 Flower yield (g) plant*

Flower yield from representative plants in egelmotype was recorded
through multiplication of their flower weight withumber of flowers they bear

and average was worked out.
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3.6.1.15 Vase life of cut flower (days)

The cut flowers were harvested from the @lasther than those used
for recording biometric observations. The unifocutflowers in terms of
developmental stage were harvested from each gematgd carried dry to the
laboratory within half an hour. The cutflowers weptaced in conical flask
containing 100 ml tap water. Vase life in days w@determined at room
temperature under natural light conditions. Theewatas being changed at one
day interval. The end of the vase life was depiosdten the flower lost its
decorative value.
3.6.1.16 Stalk diameter (cm)

Stalk diameter of cut flowers harvested for sugament of stalk length

was measured with Vernier Calipper and the meamegalvere worked out.
3.7 Biometrical analysis

Data collected were subjected to biometrical amsalgs per the procedure
presented by Singh and Chaudhary (1985); Johesaln(1955) and Mardiat al.
(1979).

A brief outline of the procedures adopted for gstimation of different
statistical parameters is given as follows:
3.7.1 Genetic variability

This was estimated from the analysis of variancenater:

ANOVA
Source of variation Df MSS VR (F) E (MS)
Replication(s) (r-1)
Genotypes(s) (g-1) Mg Mg/Me % +r.0%
Error (r-1) (g-1) Me 0%
Total (rg-1)
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Where
df = Degree of freedom
MSS = Mean sum of squares
VR = Variance ratio (F)
Mg = Mean sum of squares due to genotypes
Me = Mean sum of squares due to error
E(MS) = Expected mean sum of squares
0% = Variance due to environment
029 = Variance due to genotype
r = Number of replications
g = Number of genotypes
3.7.2 Coefficient of variability
The phenotypic and genotypic coefficients of valigbwere calculated

for each character by applying the formula giverBoyton and Devane (1953) as
follows:
3.7.2.1 Phenotypic coefficient of variability (PCV)
(O.Zp)llz
PCV= — x100
X
Where X = general mean of the population
o’y = (Phenotypic variance) 6%y + 0%
02e = environmental variance
o’y = genotypic variance
3.7.2.2 Genotypic coefficient of variability (GCY
(0.2g)1/2
GCVv=_—— R
X
Where,c52g = genotypic variance

X = general mean of plogulation
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3.7.3 Heritability
Heritability () in broad sense was computed by the formulae stege
by Burton and Devane (1953), Johnsbral. (1955) and Hansod al. (1956) as

given below:

h= —— x100
Obp
where,

h® = Heritability in broad sense

ozg = Genotypic variance

o, = Phenotypic variance
3.7.4 Genetic advance

The expected genetic advance expected in a populatas calculated by
the formula suggested by Johnsbal. (1955) as under:

2

Oy
GS =— x¢®)"*xK
o%
Where
GS = expected genetic advance under selection
K = selection differential at 5 percentesgion intensity
i.e. K value of 2.06
0% = Genotypic variance
o = Phenotypic variance

3.7.5 Genetic gain
Expected genetic gain expressed as percent of meancalculated by the
formula given by Johnscet al. (1955) as under:

G.S
Expected genetic gain = x 100

X
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Where ~ X = population mean
G.S. = Genetic advance
3.7.6 Correlation coefficients
The correlation at genotypic, phenotypic and emvimental levels
between all possible pairs of characters was caledl from variance and
covariance components as given by Al-Jibatiral. (1958). The components of
variance have been calculated as per the procgier under 3.7.2 whereas the

components of covariance were calculated as pgyrteedure given as under:

ANOVA
Source d.f. Mean sum of Expected mean sum of
products products
Replication (r-1)
Genotypes (0-1) MP cov Xy (e) +rcovxy(g)
Error (r-1) (g-1) MB cov xy(e)
Total (r.g-1)
Where,

Genotypic covariance g cov X y = MiP MP,
—

phenotypic covariance ph cov Xy = g Ky + €.CoV X Y

3.7.6.1 Genotypic correlation
Genotypic correlation coefficient between (x) pd=
g cov (X.y)
[g.v. (V. ()

3.7.6.2 Phenotypic correlation

Phenotypic correlation coefficient between (xJl &y) =

ph cov (x.y)
[ph v. (x) X ph v. \)f
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3.7.6.3 Environmental correlation
Environmental correlation coefficient betweendxy (y) =
e.cov (x.y)
[e.v (x) X e.v ()}

The significance of phenotypic correlation coeffiti was tested against

the tabulated r values given by Fisher and Yat@4§g)Lfor v-2 degree of freedom
atp =0.05and p = 0.01.
3.7.7 Principal components analysis

Principal components analysis is among the olddstmaltivariate
techniques having been introduced originally by rBea (1901) and
independently by Hotelling (1933). It remains, hoee one of the most widely
employed methods of multivartiate analysis usefathb for providing a
convenient method of displaying multivariate dataailower dimensional space
and for possibly simplifying other analyses of tata.

The basic aim of principal components analysi® idescribe the variation
in a set of correlated variables, X, X3, ................... , X In terms of a new set
of uncorrelated variables;yys, Yz, .oovveennn.... , Yo €ach of which is a linear
combination of the x variables. The new variablesderived in decreasing order
of “importance” in the sense that gccounts for a much of the variation in the
original data amongst all linear combinations gfxs, Xz, .......... , % Then g is
chosen to account for as much as possible of timaireng variation, subject to
being uncorrelated with;yand so on. The new variables defined by this m®sce
Y1, Y2, VY3, cennennnnn , Yq are the principal components. The general hogeintipal
components analysis is that the first few companeiilt account for a substantial
proportion of the variation in the original variabl X, Xz, X3, ............ , X and
can, consequently, be used to provide a conveluesr dimensional summary of
these variables that might prove useful for a vard reasons (Brian, 2005). The
observations recorded on 16 metric traits wereyaedl by the use of principal

components analysis technique in the R-software.
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Chapter-4

EXPERIMENTAL FINDINGS

During the present investigation entitled “Studi@sgenetic variability in

China asteCallistephus chinensis ”, the 30 genotypes were assessed for various
vegetative and floral characters. The characterdiest were:
a) Vegetative characters

1. Plant height (cm)
Number of leaves plant
Number of main branches plant
Number of lateral branches plant

Leaf area index

o gk~ N

Main stem diameter (cm)

b) Floral characters

Days taken to appearance of first flower bud (DAT)
Days taken to first flower bud opening (DAT)
Number of flowers plarit

Flower weight (g)

Flower diameter (cm)

Length of flower stalk (cm)

Duration of flowering (days)

Flower yield (g) plarit

© ©®© N o 0o b~ 0 DdE

Vase life of cut flower (days)

10. Stalk diameter (cm)

Data collected were subjected to statistical amaligs the above mentioned
metric characters using mean values of five rangiaselected plants in each of

the three replications. The results of the staastnalysis of the data recorded for
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these characteristics are presented in Table Z4i8.salient features of various
characters are presented here under:

4.1 Coefficient of variation

4.2  Heritability and genetic advance

4.3  Association among characters

4.4  Principal component analysis

Analysis of variance

Perusal of the data presented in Table 2 andealed that the genotypes
tested expressed significant variability for ak tinaits studied and confirmed that,
the genotypes selected were diverse and possesskdfgenes for the economic
traits.
4.1Estimates of mean, range, phenotypic and genotypicoefficients of

variation

The estimates were computed from the data (Talsled45) for different
vegetative and floral characters. Mean plant heafjthe genotypes was 50.54 cm
with a range of 36.12-64.52 cm, average numbeeaVbds plart ranged from
96.05-130.38 with a mean of 101.71; number of ma@nches plafit ranged
from 5.98-12.38 with a mean of 8.36; number ofriltéranches plaftranged
from 9.98-19.89 with a mean of 14.26; leaf are@xdhnged from 1.55-2.38 with
a mean of 1.76 and main stem diameter ranged fr@@2.10 cm with a mean of
1.60 cm.

Similarly, for days taken to appearance of firstwiér bud ranged from
49.39-72.34 with a mean of 54.80 days; days takefirdt flower bud opening
ranged from 54.00-29.15 with a mean of 61.57 daysnber of flowers plafit
ranged from 22.14 to 37.05 with a mean of 28.7@wér weight ranged from
2.10-4.61 (g) with a mean of 3.86 (g); flower diaemeranged from 3.87 — 7.52
cm with a mean of 5.80 cm; length of flower stadkged from 12.82-25.59 cm
with a mean of 19.91 cm; duration of flowering radgfrom 29.40-45.10 days
with a mean of 36.70 days; flower yield (g) plamanged from 63.88-66.19 (g)
with a mean of 110.12 (g); vase life of cut flomemged from 8.01 —11.87 days

28



6¢

Table 2: Analysis of variance for various vegetate characters in China

chinensis) under temperate climatic conditions of Kashmir

aster Callistephus

Source of  Degrees of

Mean sum of squares

variation freedom Plant height  No. of leaves  No. of main No. of lateral Leaf area Main stem
(cm) plait branches planit branches plant* index diameter (cm)
Replication 2 33.343 50.508 0.479 1.653 0.003 0.004
Treatment 29 196.161** 158.954* 9.000** 17.135** .160* 0.168*
Error 58 18.485* 8.461* 1.259* 1.989* 0.002** 0.002

* **=Significant and highly significant, respectilye
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Table 3:

chinensis) under temperate climatic conditions of Kashmir

Analysis of variance for various floral ©iaracters in China aster Callistephus

Mean sum of squares
Source of Degrees | Days taken | Days taken | No. of Flower Flower Length Duration Flower Vase life of Stalk
variation of to to first flowers | weight (g) | diameter | of flower of yield (g) cutflower | diameter
freedom | appearance | flower bud | plant™ (cm) stalk flowering plant™ (days) (cm)
of first opening (cm) (days)
flower bud (DAT)
(DAT)
Replication 2 0.366 5.631 3.138 0.004 0.130 7.616 3.635 37.384 3.433 0.000
Treatment 29 59.580** 63.455** 48.318 0.866*1 255 | 45.832** 57.620* 1050.958** 5.866* 0.001*
Error 58 5.512* 6.675* 5.009% 0.012** 0.112* 2.919%  4.094* 10.627** 0.101* 0.0002*

* **=Sjgnificant and highly significant, respectile




Table-4: Magnitude of variability for different vegetative characters inChina aster (Callistephus chinensis )
genotypes under temperate climatic conditions of Kehmir

T€

Genotypes Standard error Qritical
Character . Range Mean Difference
Lowest Highest of mean (S.E)m _
(p=0.05)
Plant height (cm) Ast-3 Ast-19 36.12 — 64.52 50.54 2.48 7.03
Number of leaves plant Ast-4 Ast-25 96.05 - 130.38 101.71 1.67 4.76
Number of main branches plant  Ast-14 Ast-19 5.98 -12.38 8.36 0.64 1.83
Number of lateral branches Ast-19 Ast-25 9.98 — 19.89 14.26 0.97 2.83
plant
Leaf area index Ast-28 Ast-25 1.55-2.38 1.76 0.02 0.07

Main stem diameter (cm) Ast-17 Ast-25 1.27 -2.10 .601 0.02 0.08




Table-5: Magnitude of variability for different flo ral characters in China aster (Callistephus chinensis )
genotypes under temperate climatic conditions of Kehmir

[4>

Character Genotypes Range Mean Standard error Critical Difference
Lowest Highest 9 of mean (S.E)m (p=0.05)

Days taken to appearance of
first flower bud (DAT) Ast-5 Ast-14 49.39 — 72.34 54.80 1.32 2.94
Days taken to first flower bud
opening (DAT) Ast-5 Ast-14 54.00 — 79.15 61.57 1.45 431
Number of flower plarnt Ast-28 Ast-25 22.14 — 37.05 28.77 1.15 3.42
Flower weight (cm) Ast-8 Ast-25 2.10 — 4.61 3.86 0.06 0.18
Flower diameter (cm) Ast-8 Ast-25 3.87 — 7.52 5.80 0.19 0.55
Length of flower stalk (cm) Ast-5 Ast-19 12.82 — 25.59 19.91 0.97 2.81
Duration of flowering (days) Ast-23 Ast-8 29.40 — 45.10 36.70 1.15 3.32
Flower yield (g) plant Ast-8 Ast-25 63.88 — 166.19 110.12 2.48 7.32
Vase life of cut flower (days) 5 14 Ast-8 8.01 — 11.87 9.34 0.72 2.05
Stalk diameter (cm) Ast-5 Ast-25 0.13-0.22 0.16 .010 0.04

DAT = Days after transplanting
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Fig 2. Phenotypic coefficient of variation for varibus vegetative
characters in China aster

Legend
X1= Plant height (cm)

X, = Number of leaves plaht

X3 = Number of main branches plant
X4 = Number of lateral branches plant
Xs = Leaf area index

Xe = Main stem diameter (cm)
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Fig 3: Genotypic coefficient of variaton for various vegetative
characters in China aster

Legend
X1= Plant height (cm)

X, = Number of leaves plaht

X3 = Number of main branches plant
X4 = Number of lateral branches plant
Xs = Leaf area index

Xe = Main stem diameter (cm)
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Fig 4: Phenotypic coefficient of variation for various floral characters
in China aster

Legend
X1 = Days taken to appearance of first flower bud

Xz = Days taken to first flower bud opening
X3 = Number of flowers plafit

X4 = Flower weight (g)

X5 = Flower diameter (cm)

Xe = Length of flower stalk (cm)

X7 = Duration of flowering (days)

Xg = Flower yield (g) plant

Xg = Vase life of cutflower (days)

X10 = Stalk diameter (cm)
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Fig 5: Genotypic coefficient of variation for various floral characters
in China aster

Legend
X1 = Days taken to appearance of first flower bud

X2 = Days taken to first flower bud opening
X3 = Number of flowers plafit

X4 = Flower weight (g)

X5 = Flower diameter (cm)

Xe = Length of flower stalk (cm)

X7 = Duration of flowering (days)

Xg = Flower yield (g) plant

Xg = Vase life of cutflower (days)

X10 = Stalk diameter (cm)



with a mean of 9.34 days and stalk diameter rariged 0.13-0.22 cm with a
mean of 0.16 cm.

The perusal of the data presented in Table 6 aedéaled that magnitude
of genetic and phenotypic coefficient of variatfon various vegetative and floral
characters studied, expressed significant variatenboth the levels. However,
magnitudes of genotypic coefficient of variatiom fmmber of leaves plahtdays
taken to appearance of first flower bud and daksrtdo first flower bud opening
was low (< 10.00 per cent); it was moderate (1A8®O per cent) for plant
height; number of lateral branches pl%;ritaaf area index; main stem diameter;
number of flowers plaf'h flower weight; flower diameter; duration of floweg;
flower yield plant'; vase life of cut flower; and stalk diameter andsvhigh (>
18.00 per cent) for number of main branches glamtd length of flower stalk,
while  magnitude of phenotypic coefficient of vaigm for all the above
mentioned characters exhibited similar trend exct#y@ number of lateral
branches plafit for which it was 19.02 per cent. The graphic repreation of
phenotypic and genotypic coefficient of variatisralso shown in Fig 2-5.

4.2 Heritability and genetic advance

Broad sense heritability estimates, genetic advandegenetic advance as
per cent of mean (expected genetic gain) in respieetl the 16 characters are
presented in Table 8-9 and are also depicted in 6y The estimates of
heritability (broad sense) were categorized as (#@i® per cent), medium (30-60
per cent) and low (<30 per cent) whereas expecte@t@ gain estimates were
categorized as high (>30 per cent), medium (20-@0gent) and low (<20 per
cent).

High heritability (broad sense) values were obtdife all the characters
viz., flower yield plant (97.03 per cent), flower weight (83.33 per celetf area
index (80.00 per cent); main stem diameter (93.88 gent); vase life of cut
flower (94.98 per cent); flower diameter (85.54 pent); number of leaves plaht
(85.57 per cent); length of flower stalk (83.05 pent); duration of flowering
(81.33 per cent); days taken to appearanéiesbflower bud (76.58 per cent);

33



e

Table-6: Estimates of ‘variance’, and ‘phenotypic ad genotypic coefficient of variation’ for different
vegetative characters inChina aster (Callistephus chinensis ) under temperate climatic conditions of

Kashmir
Character Variance Coefficient of variation (%)
o’ 6 GCV PCV
Plant height (cm) 59.23 77.71 15.23 17.44
Number of leaves plant 50.16 58.62 6.96 7.53
Number of main branches plant 2.58 3.54 19.22 23.45
Number of lateral branches plant 5.05 7.04 15.75 18.60
Leaf area index 0.04 0.05 12.58 12.86
Main stem diameter (cm) 0.05 0.06 14.71 15.07

6’y = genotypic variance
6’, = phenotypic variance
GCV = genotypic coefficient of variation
PCV = phenotypic coefficient of variation
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Table-7: Estimates of ‘variance’, and ‘phenotypic ad genotypic coefficient of variation’ for different floral
characters inChina aster (Callistephus chinensis ) under temperate climatic conditions of Kashmir

Character Variance Coefficient of variation (%)
6 q 6o GCV PCV

Days taken to appearance of first flower bud (DAT) 18.02 23.54 7.75 8.85
Days taken to first flower bud opening (DAT) 18.93 25.60 7.06 8.22
Number of flowers plafit 14.44 19.45 13.21 15.32
Flower weight (g) 0.28 0.29 13.82 14.12
Flower diameter (cm) 0.71 0.83 14.57 15.68
Length of Flower stalk (cm) 14.30 17.22 18.99 20.84
Duration of Flowering (days) 17.84 21.94 11.51 ¥2.7
Flower yield (g ) plant 346.77 357.40 16.91 17.17
Vase life of cut flower (days) 1.92 2.02 14.84 .2
Stalk diameter (cm) 0.0005 0.0007 14.11 16.65

6’y = genotypic variance

6°, = phenotypic variance

GCV = genotypic coefficient of variation
PCV = phenotypic coefficient of variation
DAT = Days of transplanting
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Table-8: Estimates of ‘heritability’, ‘genetic advance’ and ‘expected genetic gain’ for different vegtative
characters in China aster (Callistephus chinensis ) under temperate climatic conditions of

Kashmir

Characters

Heritability

(Broad sense) %

Genetic advance

Expected genetic gain
(percent of mean)

Plant height (cm)

Number of leaves plaht

Leaf area index

Number of main branches plant
Number of lateral branches plant

Main stem diameter (cm)

76.21

85.57

95.70

67.19

71.73

83.33

13.84

13.50

0.44

2.71

3.92

0.47

27.38

13.27

25.35

32.45

27.51

29.59

*Selection intensity at 5% level



Table-9: Estimate of ‘heritability’, ‘genetic advance’ and ‘expected genetic gain’ for different fleal
characters in China aster (Callistephus chinensis ) under temperate climatic conditions of
Kashmir

Expected
Genetic advance genetic gain
(percent of mean)

Heritability

Characters (Broad sense) %

LE

Days taken to appearance of first flower bud (DAT)

76.58 7.65 13.96
Days taken to first flower bud opening (DAT) 73.93 7.70 12.51
Number of flowers plat 7424 6.75 23.46
Flower weight (g) 95.82 1.07 27.87
Flower diameter (cm) 86.40 1.61 27.91
Length of flower stalk (cm) 83.05 7.10 35.66
Duration of flowering (days) 81.33 7.84 21.38
Flower yield (g) plant 97.03 37.78 34.31
Vase life of cut flower (days) 94.98 2.78 29.79
Stalk diameter (cm) 71.83 0.04 24

* = Selection intensity at 5% level
DAT = Daysafter transplanting
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Fig 6: Heritability (broad sense) and genetic advare (as per cent o
mean) for various vegetative characters in China asr

Legend
X1 = Plant height (cm)

X2 = Number of leaves plant

X3 = Number of main branches plant
X4 = Number of lateral branches plant
Xs = Leaf area index

Xe = Main stem diameter (cm)
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Fig 7: Heritability (broad sense) and genetic advate (as per cent
mean) for various floral characters in China aster

Legend
X1 = Days taken to appearance of first flower bud

X, = Days taken to first flower bud opening
X3 = Number of flowers plait

X4 = Flower weight (g)

X5 = Flower diameter (cm)

Xe = Length of flower stalk (cm)

X7 = Duration of flowering (days)

Xg = Flower yield (g) plant

Xg = Vase life of cutflower (days)

X10 = Stalk diameter (cm)




plant height (76.21 per cent); number of laterainches plaft (71.73 per cent);
number of flowers plaft(74.24 per cent); days taken to first flower bpeing
(73.93 per cent); stalk diameter (71.83 per cent) aumber of main branches
plant* (72.88 per cent).

Higher estimates of expected genetic gain wererdecbfor length of
flower stalk (35.66 per cent); flower yield pldnf34.31 per cent) and number of
main branches plant(33.85 per cent), whereas, medium estimates veexrded
for vase life of cut flower (29.79 per cent); matem diameter (26.25 per cent),
flower diameter (27.41 per cent), flower weight .@7 per cent); plant height
(27.38 per cent); leaf area index (20.45 per ceta)k diameter plafit(23.28 per
cent); duration of flowering (21.38 per cent); nenlof lateral branches plaht
(27.51 per cent) and number of flowers pfa(23.46 per cent). The estimates of
expected genetic gain were low for days taken feamnce of first flower bud
(13.96 per cent); number of leaves pfaft3.50 per cent) and days taken to first
flower bud opening (12.51 per cent).

High heritability coupled with high expected genegain was observed
for length of flower stalk and flower yield plahtvhile high heritability along
with moderate expected genetic gain was found éseMife of cut flower; main
stem diameter; leaf area index; duration of flowgriflower weight; flower
diameter; plant height; number of flowers plnhumber of lateral branches
plant® and stalk diameter. The characters viz., numbeleafes plant, days
taken to appearance of first flower bud and daksrtdo first flower bud opening
had high heritability along with low expected geoegain. Medium heritability
associated with high expected genetic gain wasreédefor number of main
branches plafit
4.3  Association among characters

In order to formulate an efficientrebding programme, a
knowledge of the nature and extent of asson of characters is
considered to be of great significancgllard (1960).  Therefore,

correlation coefficients were estimateat both  phenotypic and
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Fig 8: Correlation of flower yield (g) plant® with other characters in China aster

Legend
X1= Plant height (cm)

X5= Number of leaves planht
%= Number of main branches plant
X=Number of lateral branches plant
% =Days taken to appearance of first flower bud
%= Days taken to first flower bud opening
% =Number of flowers plat
%= Flower weight ()
%= Flower diameter (cm)
X o= Length of flower stalk (cm)
X1 = Duration of flowering (days)

X1 = Flower yield (g) plant
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Fig 9: Correlation of number of flowers plant® with other characters in China
aster

Legend
X,= Plant height (cm)

X,= Number of leaves plaht
%= Number of main branches plalnt
X=Number of lateral branches plant
X% =Days taken to appearance of first flower bud
%= Days taken to first flower bud opening
% =Number of flowers plafit
% = Flower weight (g)
%= Flower diameter (cm)
X o= Length of flower stalk (cm)
X1 = Duration of flowering (days)

X1, = Flower yield (g) plant




genotypic levels among various vegetative andaflgharacters to know the
nature of relationships existing among the charactstudied and these
coefficients are present in Table 10 and 11, rasmdg. Graphic representation of
correlations between number of flowers pfanand flower yield plant with
various characters are given in Figures 8 and Spedively. Genotypic
correlation coefficients were, by and large, higimemagnitude, though similar in
direction than their corresponding correlation &ioefnts at the phenotypic level.
4.3.1 Phenotypic correlation coefficient

At phenotypic level, plant height showed highly rsfgant positive
correlation with number of main branches pfarBut it exhibited positive and
significant correlation with length of flower stalNumber of leaves plantat
phenotypic level displayed significant positive redation with flower yield
plant’; number of main branches pldnand number of lateral branches plant
Similarly, at phenotypic level, number of main krhes plant displayed highly
significant and positive correlation with number laferal branches plahtand
length of flower stalk, but it showed positive asignificant correlation with
number of flowers plafit and flower yield plant. Whereas, number of lateral
branches plaftexhibited highly significant and positive corrétet with number
of flowers plant and flower yield plarnt. However, number of lateral branches
plant® exhibited negative insignificant correlation wittower weight (g).
Similarly, number of flowers plaritdisplayed highly significant and positive
correlation with flower yield plafitand number of lateral branches pfant
whereas, it exhibited highly significant and negaticorrelation with flower
diameter. However, a negative and significantetation was observed between
number of flowers plaftand flower weight. Flower weight, in turn, exhésit
highly significant and positive correlation wittofer diameter and flower yield
plant®. Flower yield plant exhibited highly significant correlation with nueb
of lateral branches plaht flower weight and number of flowers pldntits
correlation was significantly positive with numbef main branches plaft

number of leaves plahtand flower diameter. Similarly, length of flomatalk
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Table-10: Phenotypic correlation coefficient for different characters of China aster Callistephus chinensis) under

temperate climatic conditions of Kashmir

Characters X X5 X Xa Xs Xs X7 Xs Xo X10 X1t X1
X1 1.000 0.327 0.749% 0.151 -0.057  -0.065 0.264 0.014 0.095 0.627* 0.126 0.206
X, 1.000 0.477* 0.492*  -0.027  -0.040 0.521 0.291 0.431 0.343 0.341 0.693*
X3 1.000 0.584*  0.011  -0.010  0.343* 0.061 0.111 0.689** @1 0.445*
X4 1.000 0.154  -0.182  0.521* -0.054 0.024 0.296 0.323 0*580
Xs 1.000 0.855*  -0.021 0.085 -0.101 0.043 -0.152 0.045
Xs 1.000  -0.011 0.089 -0.052 0.059 -0.180 0.050
X5 1.000 -0.312%  -0.513% 0.091 0.414 0.612%*
Xg 1.000 0.868** 0.194 -0.420 0.658**
Xq 1.000 0.227 -0.192 0.502*
X10 1.000 -0.080 0.231
X1 1.000 0.050
X1 1.000

* *=*Significant at 5% and 1% level of probability _
X,= Plant height (cm)X,= Number of leaves plahtXs= Number of main branches planX,= Number of lateral branches planiXs =Days taken to

appearance of first flower budz= Days taken to first flower bud opening; =Number of flowers plafft Xg= Flower weight (g)X,= Flower diameter (cm);

X10= Length of flower stalk (cm)X;; - Duration of flowering (days)X1, = Flower yield (g) plant
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Table-11: Genotypic correlation coefficient for diferent characters of China aster Callistephus chinensis)
under temperate climatic conditions of Kashmir

Characters X X, X3 X4 Xs Xs X7 Xs Xq X10 X11 X12
X1 1.000 0.428 0.898* 0.237 -0.059 -0.090 0.344* 0.019 Q13 0.857** 0.153 0.246*
Xz 1.000 0.649* 0.720% -0.057 -0.063 0.699* 0.330 0.486 4 0.400 0.747*
X3 1.000 0.594* 0.013 0.011 0.424* 0.274 0.388 0.885* @16 0.519*
X4 1.000 0.256 0.170 0.792* -0.121 0.057 0.317 0.520 0.623**
Xs 1.000 0.871** -0.023 0.097 0.132 0.049 -0.255 0.065
Xe 1.000 -0.113 0.119 0.087 0.106 -0.271 0.052
X7 1.000 -0.412* -0.596** 0.182 0.719 0.726™*
Xg 1.000 0.906** 0.220 -0.463 0.687*
Xo 1.000 0.289 -0.229 0.706*
X10 1.000 -0.066 0.289
X1 1.000 0.054
X1z 1.000

* *=xGjgnificant at 5% and 1% level of probability
X,= Plant height (cm)X,= Number of leaves plafhtXs= Number of main branches planX,= Number of lateral branches planiXs =Days taken to

appearance of first flower budz= Days taken to first flower bud opening; =Number of flowers plafft Xg= Flower weight (g)Xs= Flower diameter (cm);
X10= Length of flower stalk (cm);
X1 - Duration of flowering (days)X1, = Flower yield (g) plant



exhibited highly significant and positive corretatiwith plant height and number
of main branches plaht The two floral characters viz., days taken tpesyance
of first flower bud and days taken to first floweud opening, exhibited negative
and insignificant correlation with all the charasteiz, plant height, number of
leaves plant; number of flowers plaitt duration of flowering diameter; number
of main branches plant and number of lateral branches ptabut with flower
weight, length of flower stalk and flower yield ptd, its association was positive
and insignificant. Whereas, a highly significandgpositive correlation existed
between days taken to appearance of first flowet &dnd days taken to first
flower bud opening.
4.3.2 Genotypic correlation coefficient

At genotypic level, the flower yield (g) plahtdisplayed a highly
significant and positive correlation with number lefives plant, number of
lateral branches plaht number of flowers plaift flower diameter and flower
weight. Whereas, its association with plant heid number of main branches
plant® was significant and positive. Number of flowersami showed highly
significant and positive correlation with numberlaferal branches plahand
flower yield plant, whereas, it exhibited highly significant and niga
correlation with flower diameter. Similarly, theroelation of number of flowers
plant* was positive and significant with number of leapémt’; number of main
branches plafit and plant height, but it showed a significant amepative
correlation with flower weight. Although, flower alneter had displayed highly
significant and positive correlation with flower ight. However, length of
flower stalk exhibited highly significant and pag# correlation with plant height
and number of main branches plantays taken to first flower bud opening, and
days taken to appearance of first flower bud exéibinsignificant and negative
correlation with the seven characters viz; plagight, number of leaves plaht
number of flowers plaft duration of flowering, flower diameter, numberro&in
branches plafttand number of lateral branches plant-1. Whereith, length of

flower stalk, flower weight and flower yield plahtits association was positive
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and insignificant. But a highly significant and fin® correlation exhibited
between days taken to appearance of first flowet &dnd days taken to first
flower bud opening.

At genotypic level, plant height showed a highlgngiicant and positive
correlation with length of flower stalk and numbefr main branches plaht
whereas, a significant and positive correlatiomplaht height was observed with
flower yield plant and number of flowers plaht Number of leaves plant
displayed a highly significant and positive cortiela with number of lateral
branches plafit and flower yield plart. Similarly, a significant and positive
correlation was observed between number of maindhes plarﬁ, number of
flowers plant, length of flower stalk and number of leaves pfartiowever,
number of main branches pldnexhibited a highly significant and positive
correlation with number of lateral branches pfamumber of flowers plaft
length of flower stalk and flower yield plahtFlower weight displayed a highly
significant and positive correlation with floweradneter.

4.4  Principal components analysis

The principal component analysis provides an dswtlopportunity to
identify the best genotypes with more accuracy ianshort possible time. It is a
tool of multivariate analysis which is used wheresal correlated characters are
studied together. Principal components are newakbes, which are linear
combination of characters, but are independenath ether and are also arranged
in order of variances. First principal componeniC{P contains maximum
variability followed by second (PL and so on. Considering the variation in
genotypes, the data were subjected to principalpoom@nts analysis for asserting
the linear combination of characters and identify best genotypes. The first two
components contributed 82 per cent of the totalabdity amongst the 30
genotypes for nine quantitative characters (TabB. IThe first principal
component (PG contributed to 53.08 per cent of the variance athdhe nine
characters except flower weight contributed to faistor. The second principal

component (Pg contributed to 29.194 per cent of variance ahthal characters
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Table-12 : Loadings (eigenvectors) of some characsein China aster (Callistephus
chinensis) genotypes under temperate climatic conditions dkashmir

Components PG PC;
Standard deviation 2.185 1.621
Variance (%) 53.083 29.194
Cumulative variance (%) 53.083 82.232
Coefficient of variates
Flower yield (g) plant -0.369 0.306
Number of leaves plarit -0.434 0.094
Number of main branches plant -0.272 0.142
Number of lateral branches plant -0.292 -0.094
Leaf area index -0.424 -0.175
Main stem diameter (cm) -0.389 -0.303
Number of flowers plafit -0.392 -0.289
Flower weight (g) -0.092 0.590
Flower diameter (cm) -0.153 0.560

PG = Principal component™
PG - Principal component™
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except number of lateral branches pfaand number of leaves plantontributed
to this factor. The maximum contribution to the;R@d PG in terms of loadings,
was from number of flowers plaht(-0.434) and flower weight (0.590),
respectively (Table 11). However, Fig 10 showed thamber of flowers plafit
had maximum contribution while flower weight hadnimum to PG and Fig 11
revealed that PCis a contrast of number of lateral branches ptatgaf area
index; main stem diameter; number of flowers pfavmrsus the characters viz.,
flower yield plant’; number of leaves plafit number of main branches plant
flower weight and flower diameter. However, magdéLof principal component
analysis scores (PCA scores) for all the 30 gersstywere worked out and
accordingly the five best genotypes were identifiedthe basis of magnitude of
these scores and it was found that Ast-25 genasy/psost superior followed by
Ast-24, Ast-8, Ast-9 and so on (Table 13).
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Fig 10: Loadings of first principal component. Thisplot shows that % has
maximum contribution while xg has minimum

Legends
X1= Flower yield (g) plant

X2= Number of leaves planht

X3= Number of main branches plant
X4= Number of lateral branches plént
Xs= Leaf area index

Xe= Main stem diameter (cm)

X7= Number of flowers plarit

Xg= Flower weight (g)

Xg¢= Flower diameter (cm)
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Fig 11: Loadings of second principal component. Tki plot shows tha
second principal component is a contrast of X Xs,Xg X7 versus the
characters X;,X2,X3,Xg,Xs

X1= Flower yield (g) plarit

X>= Number of leaves plaht

Xs= Number of main branches plant
X,= Number of lateral branches pldnt
Xs= Leaf area index

Xe= Main stem diameter (cm)

X+7= Number of flowers plafit

Xg= Flower weight (g)

Xo= Flower diameter (cm)
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Table-13:

Identification of five best genotypes othe basis of absolute principal components analys(pca) scores under the

temperate climatic conditions of Kashmir

Genotypes | Rank Pca score Characters

X1 X2 X3 X4 Xs | X X7 X8 X9
Ast-25 1 -7.56 166.19 130.38 11.48 19.89 2.38 2.10 37.05614 7.52
Ast-24 2 -5.74 141.36 120.54 11.34 18.25 2.29 2/0B5.73 4.42 7.14
Ast-18 3 -4.72 149.30/ 11235 11.1p 17.32 2.20 1/984.01 | 4.39 7.03
Ast-9 4 -0.83 87.77 100.41 8.19 18.18 1.97 1.00 282. 2.72 4.61
Ast-10 5 -0.77 106.65 103.57 7.03 12.39 2.04 1.882.08| 3.33 4.95

x1: flower yield (g) plant; xo: number of leaves plafitxs: number of main branches planks: number of lateral branches planks:
leaf area index;exmain stem diameter (cm)z:rumber of flowers plafit xs: flower weight (g); x: flower diameter (cm)







Chapter-5
DISCUSSION

The success of any breeding programme depends eorprésence of
sufficient genetic variability to pursue effectigelection. It is important to assess
the relative magnitude of variability in order tseusuch information together with
other selection parameters for the improvementarftype through selection of
effective breeding methods (Rao,1952,Johnstoa., 1955, Hansoret al, 1956,
Williams, 1964; Briggs and Knowle’s, 1967). Genatariability (GCV) helps to
choose a particular genotype, whereas, heritalfiffyalong with genetic advance
(per cent of mean) are more useful in predictirgrisultant effect of selection of
best genotypes.

Knowledge on the extent of genetic variation aimemsity for various
ecnomic traits viz; number of flowers pldntstalk length, etc and wilt resistant
traits in traditional China aster genotypes andseghent identification of land
races/genotypes as potential donors in China &stémprovement programmes
is therefore, essential (Janakiram and Rao, 199%gi Mnd Raghava, 1995;
Janakiram, 1994; Raai al., 1997; Negi and Raghava 1990; Wit, 1937; Vaarama
and Sulkinoja, 1958). These workers further empeakthe importance of such
gene pools in the development of China aster @rlipossessing better economic
traits like number of flowers plaht length of flower stalk; flower yield plant
and other quality traits.

China aster possesses a tremendous capacityerattlclimatic stresses
and has been subjected to human selection mostlyndmerous ornamental
qualities and in such a process, other componémsamomic traits also appear to
have accumulated considerable variations throughrele®ed response to
selection. Robinson (1966) recommended that gesnplpools be created to
provide a reserviour of gene complexes and to ftrenbase for the profitable

selection studies. Such germplasm resources ofieareay of materials for

47



incorporation in the breeding programmes, with gassibility of extending
economic traits to form a wider genetic base. Simmest of the characters are
considered quantitatively inherited and are subpbtb different degree of non-
heritable variability therefore, good knowledge atbthe gene action is essential
for making any improvement. The magnitude of genetimponent of heritable
variation is most important for the estimation eingtic constitution of breeding
materials which subsequently leads to higher seleecesponse. The current test
genotypes are best known for their high qualityapaaters, though they have an
inherent low to medium yielding capacity. Judgimgni the importance of bio-
diversity for these China aster genotypes, it isanant to document them for use
in the future breeding programmes involving exaia current test genotypes.
The present study was accordingly chosen to estirtie genetic variation for
economic traits, durability of cut flower and guyalparameters present in the
current test genotypes. Potent variability in dgpes is the result of
prolonged natural and artificial selection, whishhieritable and accumulation of
the significant magnitude of variability for econienraits leads to the genetic
variation, which is important for creation of nevengtic variability through
hybridization and re-organization of new gene celfetion. An effective China
aster varietal improvement programme must have dsabectives based on the
needs of farmers and consumers (Raghava and Né&gi Baghava and Negi,
1944; Negiet al., 1983).
5.1 Genetic variability, heritability and expected genéc gain

In the present study, 30 genotypes of China astere wested under
temperate climatic conditions of the Kashmir vall&yr the presence of genetic
variability estimation of genetic parameters arldcen of best genotypes.

The present study on the vegetative and floraltstraevealed that
significant genetic variability existed in thesaremt test genotypes. Analysis of
variance for the quantitative characters revegheesence of significant genetic

variation for all the characters.
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Whereas, mean plant height ranged from 36.12 cnt-3As0 64.52 cm
(Ast-19) with a mean of 50.54 c¢m; other traits likember of flowers plafit
ranged from 22.14 (Ast-28) to 37.05 (Ast-25) wittmaan of 28.77; number of
main branches plahtranged from 5.98 (Ast-14) to 12.30 (Ast-10) witmaan of
8.36; number of lateral branches plamanged from 9.98 (Ast-19) to 1989 (Ast-
25) with a range of 14.26; flower weight rangednir@.10 (g) (Ast-8) to 4.61 (g)
(Ast-25) with a mean of 3.86 (g), flower diametanged from 3.87 cm (Ast-8) to
7.52 cm (Ast-25) with a mean of 5.80 cm, vasedifeut flower ranged from 8.01
days (Ast-14) to 11.87 days (Ast-8) with a mea®.@4 days; days taken to first
flower bud opening ranged from 54.00 (Ast-5) to1BO(Ast-14) with a mean of
61.57; number of leaves pladntanged from 96.05 (Ast-4) to 130.38 (Ast-25) with
a mean of 101.71; the length of flower stalk ranfg®ean 12.82 cm (Ast-5) to
25.59 cm (Ast-19) with a mean of 19.91 cm and floyield (g) plant ranged
from 63.88 g (Ast-8) to 166.19 g (Ast-25) with aaneof 110.12 (g).

Evaluation of the 30 germplasm genotypes revediat early flowering
genotypes were Ast-5, Ast-9, Ast-8, Ast-10, AsAdt-3 and Ast-2. Similarly, the
maximum days taken to first flower bud opening webserved in Ast-14 and
Ast-13. However, maximum number of flowers plgnflower weight; flower
diameter; flower yield plafft stalk diameter; number of leaves plgmumber of
lateral branches plafitleaf area index and main stem diameter were veddn
Ast-25. While, maximum duration of flowering andsealife of cut flower was
observed in Ast-8. Similarly, length of flower $taplant height and number of
main branches plafhtwere maximum in Ast-19.

The analysis of variance indicated highly significaifferences among
genotypes under study for all the characters. Hewedte analysis of variance by
itself is not enough and conclusive to explaintladl inherent genotypic variation
in the collection, so it is revealed by determinitng total genetic variability
inherent in the genotypes, got after getting dusditmning of the phenotypic
variance (Charles and Smith, 1939; Grafuis 19649weéler, coefficient of

variation (both phenotypic and genotypic) was Highnumber of main branches
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plant* and length of flower stalk. However, in case ofnber of lateral branches
plant® only phenotypic coefficient of variation was higL8 per cent). Similarly,
phenotypic and genotypic coefficient of variatiam flays taken to appearance of
first flower bud, days taken to first flower budespng and number of leaves
planf' were observed to be low (<10 per cent) but fa diher traits, the
phenotypic and genotypic coefficient of variatioarey moderate (10-18 per cent).
Several workers have reported, higher and low tderate magnitude of genetic
variability, genotypic and phenotypic coefficient wariation, heritability and
genetic gain in China aster and other related lfln@ps for various metric traits.
Moderate magnitude of genotypic variability and a@gpic coefficient of
variation have been reported for number of maimtinas plant in China aster
(Janakiram and Rao, 1994; Negjial., 1983). But Jhoret al. (1994) reported
higher coefficient of variation for number of bréwes plarit and flower weight.
Similarly moderate genotypic coefficient of varati for plant height was
reported by Kumar and Patil (2003); Janakiram aad R994) and Negit al.
(1983) in China aster, whereas, Singhal. (1977) and Patnaik and Mohanty
(2002) reported high genetic variability and gepatycoefficient of variation for
plant height in sunflower and African marigold . Wver, moderate genotypic
coefficient of variation for number of leaves platiave been reported by Kumar
and Patil (2003); for days taken to appearancérstf ffower bud and days taken
to first flower bud opening in China aster. Lowiesttes of genotypic coefficient
of variation than phenotypic coefficient of var@ati have been reported by
(Kumar and Patil, 2003; Janakiram and Rao, 1994 Meal. 1983) in China
aster. Similar results have been reported in sewther related floral crops by
various workers viz; Sirohi and Behera (2000) imyshnthemum; Kishore and
Raghava (2001) in African marigold and Nair andvah{2003) in gerbera.
Similarly, low estimates of genotypic coefficierftvariation for number of leaves
planffand moderate estimates of genotypic coefficientasfation for leaf area
plant* have been reported by Kumar and Patil (2003) im&hster, whereas Nair

and Shiva (2003) reported medium genctygefficient of variation for
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number of leaves plahtin gerbera. However, high estimates of genotypic
coefficient of variation was reported by Janakirand Rao (1994) for the said
trait. Similarly, moderate estimates of genotymefticient of variation have been
reported in China aster by Kumar and Patil (2003 alegiet al. (1983) for
flower diameter, flower weight and length of flonstalk, whereas Singh and Sen
(2000) and Patnaik and Mohanty (2002) reported omdio high genotypic
variability for flower weight in African marigoldModerate to high estimates of
genotypic coefficient of variation have been repdrtfor number of lateral
branches plaftt(Kumar and Patil, 2003; Janakiram and Rao, 199@tiina aster.
Similarly, moderate estimates of genotypic coedfiti of variation have been
reported by Kumar and Patil (2003) for duratiorflofering and vase life of cut
flower in China aster, whereas Jo#iral. (1994) reported low estimates of GCV
for duration of flowering inZinnia elegans. Moderate estimates of genotypic
coefficient of variation have been reported fomfé yield plant (Kumar and
Patil, 2003) whereas Janakiram and Rao (1994) tegbdr high for said trait in
China aster, but Raghaenal. (1992) reported higher GCV for flower yield plant
Yin chrysanthemum.

Similarly, heritability estimates were high (>60rment) for all the traits
viz., plant height; number of leaves plénieaf area index; number of lateral
branches plafit main stem diameter; days taken to first flowed bpening; days
taken to appearance of first flower bud; numberflofvers plant; flower
diameter; flower weight; length of flower stalk; sealife of cut flower; stalk
diameter; duration of flowering; flower yield pldnand number of main branches
plant’. In China aster, high heritability estimates faysl taken to appearance of
first flower bud, days taken to first flower budespng, plant height, number of
lateral branches plahtflower diameter and number of flowers plahiave been
reported by Janakiram and Rao (1994); Kumar anil 2803) and Aswath and
Parthasarathy (1993), whereas Netgal. (1983) reported it moderate for number
of lateral branches plaht number of flowers plafft days taken to flower and

number of main branches plantFor length of flower stalk and vase life of cut
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flower, high heritability estimates were reportgdkumar and Patil (2003), Negi
et al. (1983) and Aswath and Parthasarathy (1993), wkehigh heritability
estimates for number of leaves pla@ind main stem diameter were respectively
reported by Kumar and Patil (2003) and Aswath aaudh@sarathy (1993). Neef
al. (1983) reported high estimates of heritability péant height, flower diameter
and flower weight, whereas, for duration of flowy; it was reported high by
Kumar and Patil (2003). But Patil and Rane (19%pported higher estimates of
narrow sense of heritability for plant height aag floret rows flower. Several
workers reported moderate to higher estimates afalhdity (broad sense) for
various metric traits in other floral crops viz;tRak (1997) found it high for stalk
diameter and medium for seed yield plgrBarigidadet al. (1992) reported it
high for number of branches pldntand number of flowers plaht In
chrysanthemum, Nair Shiva (2003) reported highemases of heritability for cut
flower yield, leaf area, number of leaves pfanvase life and stalk length in
gerbera.

The expected genetic gain (per cent of mean) wgts (%30 per cent) for
number of main branches planiength of flower stalk and flower yield plaht
However, it was low (<20 per cent) for number cives plant, days taken to
appearance of first flower bud and days takenrsd fiower bud opening, while it
was moderate (20-30 per cent) for the remainingacters viz., plant height; leaf
area index; number of main branches p’raanmber of lateral branches plént
main stem diameter; flower diameter; flower weighimber of flowers plaﬁt
length of flower stalk; vase life of cut flower; @dion of flowering; flower yield
plant' and stalk diameter. In China aster, expected gegain was reported high
for flower yield plant and flower weight by Kumar and Patil (2003) and
Janakiram and Rao (1994). For plant height, nurobfiowers plant, number of
main branches plaht number of lateral branches plarand flower diameter,
moderate estimates of expected genetic gain haee teported by Neggt al.
(1983) and Kumar and Patil (2003yhereas  Jankiram and Rao
(1994) reported it high for thedmits. Expected genetic gain
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was reported high for flower stalk length by Negal.(1983),whereas Kumar and
Patil (2003) reported it moderate for this traior lays taken to flower the low
estimates of expected genetic gain was reportethkilam and Rao, 1994; Negi
et al. 1983), whereas Kumar and Patil (2003) reporteddtierate for this trait.
Kumar and Patil (2003) reported moderate estimaftegenetic gain for number
of leaves plant, duration of flowering and vase life of cut floser

Low to high estimates of expected genetic gain wepsrted by several
workers in other related floral crops viz; Barigideet al. (1992) in
chrysanthemum found it high for number of brancpént' and number of
flowers plant; Jhonet al. (1994) reported higher estimates of expected genet
gain for number of branches planflower weight and number of flowers plédnt
in Zinnia elegans and Nair and Shiva (2003) found higher estimafesxpected
genetic gain for cutflower yield, leaf area and fem of leaves plaft but
moderate for stalk length and vase life in gerbera.

Presence of high genotypic and phenotypic coefficief variation is
expected to help in the isolation of desirable ¢ggpes. However, genotypic
coefficient of variation alone is not sufficientrfdetermination of magnitude of
heritable variation. Burton (1952) suggested tlatagypic coefficient of variation
together with heritability estimates would give teetpicture of the expected
genetic gain from selection. Higher heritabilitfiestes, along with high genetic
gain are usually more useful than either of theaeapeters taken alone in
predicting the resultant effect of selecting thestbedividuals (Johnsoet al.,
1955). Falconer (1960) suggested that genotypicpdrahotypic error variances
are not helpful in determining heritable portiontloé¢ variation unless heritability
is not estimated.

Low expected genetic advance results more from dewetic variance,
genotypic coefficient of variation, rather than doemoderate or low heritability
estimates (Singlet al., 1984). Panse (1957) reported that high genetiaraob/
and high heritability are the outcome of additiyene action and vice-versa

indicating the presence of more non-additive gectiomm (Dominance and/ or
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epistasis). Paramasivan (1988) suggested that lméghability with moderate
genetic advance arises from dominance and/ oragsseffects. Hanson (1963)
reported that heritability estimates are influendgdbiometrical method used,
generation of hybrid, sample size of experimentaterial and environment when
the selection is made on the basis of phenotype.

In the present study, the traits like flower yipldnt* and length of flower
stalk, had high heritability and expected genesim@re supposed to be governed
by more additive gene effects. Improvement in thesiés could be made through
crossing and subsequent selection in the existergnplasm material, as also
suggested by earlier workers (Negal. 1983, Kumar and Patil, 2003). However,
high heritability, coupled with moderate genetiegngaas found for plant height;
number of lateral branches pléntleaf area index; main stem diameter; flower
weight; flower diameter; vase life of cut flowemrdtion of flowering and stalk
diameter. For these traits, hybridization with mdreergent gene pools (exotic)
followed by selection is expected to yield goodorabinants. But, medium
heritability, coupled with high genetic gain, fanmber of main branches plant
is an indication of additive gene effects governthg traits. Thus, it is more
reliable for selection (Panse, 1942).

5.2  Character association

Correlation measured by a correlation coefficientimportant in plant
breeding, because, it measures the degree of agencfgenetic or non-genetic)
between two or more traits. In most of the ornamecrops including China aster,
the economic yield (flower yield palhtand number of flowers plaftis usually
the trait of primary interest, though associatidrother traits like plant height,
length of flower stalk, resistance to biotic andiotib stress, etc are also
important. Robinson (1951) and Mode and Robinsd#b$) have studied the
implication of phenotypic and genotypic correlasoin crop improvement
programmes. Large number of research workers hawdies the utility of
correlation among economic traits in ornamentapsrd he principal assumption

underlying the correlation among traits has beenpieiotropic nature of genes.
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However, the presence of linkage has also beemaiséo affect the correlation.
Genetic correlation between characters may be aeéher pleiotropy or genetic
linkage (Mode and Robinson, 1959). It is possibldrteak the association due to
genetic linkage through genetic manipulations, wherthe association due to
pleiotropy is not amendable for separation througleeding due to their
physiological evolution. Knowledge of associatidnvarious characters among
themselves and with economic characters shouldigeovecessary information
on indirect selection for improvement of econonfiam@acters.

Scientists have investigated the impact of indirgglection of trait and
they observed that, this is effective only when hieetability of the trait selected
for indirect selection is very high and the additgenetic correlations between the
target traits, selected for indirect selectioal® very high. Other workers are of
the opinion that, indirect selection for a compteait like economic yield is an
expression of fithess and drastic change in anyobriee component traits and is
accompanied by adjustment on other components;yimplthe existence of
correlated changes of gene frequencies. Therettoeemost effective method for
economic improvement is direct selection for ecoioyield itself. There may be
correlated changes among valuable economic cleasaeind economic yield
components, but these correlated changes will bencert with development of
most physiologically efficient genotypes for exmmies of genotypes.

Relationship could be obtained from simple coreslatoefficient, which
will aid in determining the direction and numberobfaracters to be considered in
improving economic characters. High positive catieh between two characters
indicate that selection for the improvement of character leads to simultaneous
improvement in the other character, depending upermagnitude of association
between them. Simultaneous improvement in chastiecame rather difficult if
negative correlation is found to exist between théFhese characters are
considered to be independent, when weak correlaiaosts between them and

selection  for one character may not effée other. Therefore, much
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emphasis on genotypic correlation is not beinggalaas these are easily subjected
to large sampling errors and thus are seldom préEalconer, 1981).

In the present study, the correlations at the plypim level were similar
in direction, though lower in magnitude, as expeest genotypic correlations.
Similar trend was reported by Kumar and Patil (900&giet al. (1983), Baweja
(2000) and Janakiram and Rao (1994) in China.aSteme trend was observed in
other related floral crops viz; Raghaseal. (1992) in chrysanthemum and Nair
and Shiva (2003) in gerbera. In some cases, pygicotand genotypic
correlations were very close indicating less emumental influence. Johnsaet
al. (1955) also highlighted the role of environmentliluting the expression.

However, number of flowers plahtexhibited significant and positive
correlations at genotypic level with plant heighymber of leaves plaht
number of main branches pldntumber of lateral branches plarand flower
yield plant' suggesting that number of flowers plantan be improved by
exerting selection pressure on any of these clamacsimilarly, flower size had
positive significant correlation with flower weigbut was negatively correlated
with number of flowers plafit This shows that more number of flowers pfant
reduce flower size. This observtion also indicdlted increase in number of main
branches plafftand number of lateral branches planill increase the number of
flowers plant. Similar results were reported by Neggial. (1983), Kumar and
Patil (2003) and Janakiram and Rao (1994) in Clasgr. However, Baweja
(2000) in China aster reported positive and sigaift association of flower yield
with number of flowers plafit plant spread and number of branches plamit
negative association with days to first flower opgn

Significant genotypic correlations of flower yiepdant' was observed in
the seven out of 11 polygenic characters whoseeledion coefficients were
worked out, except with days taken to appearandestfflower bud, days taken
to first flower bud opening, length of flower stafind duration of flowering.
Whereas it was positive but insignificant. Thesediilgs suggest that,

simultaneous improvement of flower yield pfantan be achieved by exerting
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selection pressure on any of the characters likatgheight, number of leaves
plant’, number of main branches pldntnumber of lateral branches plant
number of flowers plaft flower weight and flower diameter. These resatts
according with Janakiram and Rao (1994) in ChingrassShanmugunet al.
(2972), Sirohi and Behera (1999) and Raghetva. (1992) in chrysanthemum;
Narayana and Patil (1998) in sunflower; Hegde andi@ath (2003) irGaillardia
pulchella and Pratajgt al. (1990) in marigold.

Length of flower stalk showed significant positieerrelation (at both
genotypic and phenotypic level) with plant heighttanumber of main branches
plant'. These associations were due to the fact that daffect of number of
main branches plahtand plant height were more on the length of flostatk. It
can be said that by selecting plants based on &rtieocharacters like plant
height, number of main branches plamind flower diameter, improvement in
length of flower stalk can be achieved as they hpwsitive and significant
correlations. Similar resultes were obtained by Kumand Patil (2003) and Negi
etal. (1983) in China aster.

5.3  Principal components analysis

In the principal component analysis (pca), the ealare first scaled to
make their variances equal. A new set of axeseis thosen in multivariate space
so that the variances on the first and second apeeas large as possible, but are
at right angles to each other. The coefficientefdata points on each new axis is
a weighed sum of its coefficient on the originatiyaled axis (Bhargavet al.
2005). Loadings (eigenvectors) of the first pridigomponent (P{J revealed
that it had number of leaves pl'é'lnteaf area index, number of flowers prént
and main stem diameter as the variables with laigmefficients. This means that
the first component distinguished those genotyges possessed maximum
number of leaves plahtleaf area index, number of flowers plamind main stem
diameter. The second component {P&ccounted for 29.19 per cent of the total
variance and the variable that contributed tg RAh the largest coefficient was

flower weight, but with a positive sign. The tradssociated with reproductive
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development viz., flower yield plaft flower weight and flower diameter
contributing positively to P but number of flowers plafit contributed
negatively to it. However, variable related to @agjge growth viz., main stem
diameter contributed negatively to £Gnd number of main branches plant
contributed positively to it. Therefore, secondnhpipal component (P£ reflects
the tendency of the genotypes to emphasize botetatdge and reproductive
growth. Therefore, selection based on vegetativeraproductive characters viz;
number of leaves pla'ﬁ,tleaf area index, main stem diameter, numberavfdtrs
plant' and flower weight would be more efficient as tlagount for maximum
82 per cent of the total variability. Several workeviz; Asawaet al. (1977);
Lakshmanaiah (1978); Ghafoet al., (2001) and Bhargavet al., (2005) also
reported similar results in various other crops andgested that the genotypes,
which emphasize on vegetative growth tend to hargel leaves but fewer
number of inflorescences and selection based csethariables would be more
efficient as they account for major portion of wadnility. Absolute principal
components analysis scores were worked out anteobasis of their magnitudes
five best genotypes identified as most superioisédection viz; Aster-25, Aster-
24, Aster-18, Aster-9 and Aster-10.
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Chapter-6

SUMMARY AND CONCLUSION

The present study was conducted on 30 genotype£hifa aster
(Callistephus chinensis) with the objectives of finding out the genetic igility
for 16 metric traits, working out interrelationshapnong 12 characters, studying
nature of heritability and identifying best genatgpusing principal component
analysis. For quantitative analysis the data wecerded on plant height, number
of leaves plar'ﬂ, leaf area index, number of main branches ﬁlan'umber of
lateral branches plaht main stem diameter, days taken to appearancérsbf f
flower bud, days taken to first flower bud openimymber of flowers plafit
flower weight, flower diameter, duration of floweg, length of flower stalk, vase
life of cut flower, stalk diameter and flower yieflant® for the estimation of
different genetic parameters and identificatiomes$t genotypes.

The experiment was conducted from April, 2005 épt8mber, 2005 at the
experimental farm of Division of Floriculture, M&ital and Aromatic Plants, of
Sher-e-Kashmir University of Agricultural Sciencasd Technology of Kashmir.
Experiment was laid out in a randomized block desigh three replications.

Wide and significant variations for all the chaess were observed among
the genotypes studied through analysis of variambe. coefficient of variation
(genotypic and phenotypic) was high for number @fimmbranches plafitand
length of flower stalk, low for days taken to fiffdwer bud opening, days taken
to appearance of first flower bud and number ofidsaplant and moderate for
the rest of the traits. The difference between phgrnic and genotypic
coefficients of variation was narrow for leaf amledex and medium for remaining
characters.

Heritability estimates (broad sense) for all tharacters were found to be

high. High heritability coupled with high geneticagh was observed for length of
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flower stalk, flower yield plantand number of main branches plaindicating
additive gene effects. These characters can beeffagtively improved upon by
selection. High heritability accompanied by mediganetic gain was found for
plant height, leaf area index, main stem diamdi®rer weight, flower diameter,
duration of flowering, vase life of cut flower, Btadiameter and number of
flowers plant. Therefore, selection for these characters woal@ffective. High
heritability along with low genetic grain was exitdal by the characters viz., days
taken to first flower bud opening, number of leaygant' and days taken to
appearance of first flower bud, whereas number atéral branches plaht
exhibited high heritability and moderate genetitngdhose association which
have high or moderate heritability coupled with l@@netic gain, indicate the
predominance of non-additive gene actions.

The correlations at the phenotypic level were igasitnilar in direction,
though lower in magnitude as compared to genotgpicelations, revealing that,
association at both the phenotypic and genotypiel$ewere reliable and mostly
outcome of genotypic component. Number of flowdenfl exhibited significant
and positive correlations with plant height, numbéteaves plaft, number of
main branches plant number of lateral branches planand flower yield plant
but it had negative significant correlation witbviler diameter and flower weight.
Positive and significant correlations were obserletveen flower yield plaft
and each of seven characters viz; plant height,benrof main branches plaht
number of lateral branches plannumber of leaves plaht number of flowers
plant', flower weight and flower diameter. Length of flewstalk exhibited
significant positive correlations with plant heigimtd number of main branches
plant®. For maintaining and utilizing germplasm effectivelyis imperative for
the breeder to ascertain the extent of diversigs@nt in the material. The results
of principal component analysis have establishedpitesence of a large amount
of genetic variability among the 30 genotypes fbthe traits and on the basis of

absolute principal component analysis scores,lfes& genotypes were identified.
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Based on these findings the following broad lireatusion could be

drawn.

1.

Significant genetic variability was present for #ile vegetative and floral
characters among the current test China aster et

Higher magnitudes of genotypic coefficient of véioa was observed for
number of main branches pladniength of flower stalk, which also revealed
high heritability coupled with high expected geoajain.

Economic trait viz., flower yield plaiit exhibited high heritability and
expected genetic grain (percent of mean) but meeleranotypic coefficient
of variation.

Positive and significant correlation at genotymudl| existed for flower yield
plant® with plant height, number of leaves planhumber of main branches
plant*, number of lateral branches planhumber of flowers platt flower
diameter and flower weight.

On the basis of magnitude principal component aslgcores 05 best
genotypes were identified for selection viz; Asker- Aster-24, Aster-18,
Aster-9 and Aster-10.
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APPENDIX —I
Meteorological data for the crop growth period (April 2005 to September,

2005)

Standard Maximum Minimum Total Relative

week temperature  temperature rainfall humidity

(°C) (°C) (mm) (%)

14 20.8 6.5 8.2 53
15 16.8 4.0 2.6 60
16 23.5 5.0 0.6 55
17 18.2 7.5 28.0 78
18 22.2 8.2 54.6 69
19 21.2 8.2 10.9 68
20 22.0 8.1 2.1 66
21 19.2 9.1 14.0 77
22 21.6 7.9 11.3 67
23 26.4 10.6 4.8 61
24 26.2 11.2 7.5 62.7
25 31.2 13.2 0.0 56
26 39.1 17.7 0.0 57
27 24.8 15.07 19.1 71
28 27.8 17.05 110.4 76
29 29.9 16.8 3.2 75
30 30.5 19.8 6.2 72
31 31.8 18.4 2.6 69
32 28.6 15.2 3.8 68
33 32.1 17.4 14 64
34 30.5 14.2 32.4 66
35 29.7 12.1 2.2 68

Source: Meteorological Observatory, Division of Agonomy, SKUAST-K, Shalimar Srinagar






Mean performance for various vegetative and floratharacters in China AsterCallisteplus chinensis (L) genotypes under temperate climatic

conditions of Kashmir

Appendix-Il

Genotypes Characters
X X X X X & X &

Ast-1 60.140 98.750 1.650 9.250 14.020 1.540 54.35( 59.320
Ast-2 37.240 97.040 1.580 6.380 13.080 1.290 51.45( 58.140
Ast-3 36.120 99.860 1.610 6.020 13.050 1.410 50.35( 57.840
Ast-4 39.783 96.050 1.590 6.540 13.820 1.320 53.45( 59.450
Ast-5 47.056 100.320 1.690 7.640 14.080 1.610 50.68 54.000
Ast-6 48.250 99.430 1.950 7.670 15.150 1.760 55.56( 61.930
Ast-7 50.380 102.400 1.796 8.000 15.730 1.660 .00 59.480
Ast-8 54.250 99.150 1.810 8.130 14.450 1.680 49.39( 57.000
Ast-9 57.360 100.410 1.970 8.190 18.180 1.900 B0.00 58.830
Ast-10 43.653 103.570 2.040 7.030 12.390 1.880 Fp.1 58.120
Ast-11 51.620 98.950 1.710 8.090 14.210 1.650 .90 59.430
Ast-12 50.820 99.050 1.750 8.030 14.490 1.710 55.11 62.560
Ast-13 61.320 104.520 1.630 10.870 13.120 1.440 35R. 69.120
Ast-14 36.200 99.250 1.910 5.980 13.540 1.780 ™.34 79.150
Ast-15 49.320 98.480 1.620 7.930 13.450 1.510 56.17 64.730
Ast-16 50.030 100.240 1.640 7.980 13.180 1.520 (86.0 63.180
Ast-17 39.400 96.830 1.580 6.350 13.540 1.270 B0.19 58.930
Ast-18 57.540 112.350 2.200 11.120 17.320 1.980 2481, 58.850
Ast-19 64.520 97.000 1.560 12.380 9.980 1.250 55.89 63.110
Ast-20 59.650 99.390 1.940 11.020 16.396 1.810 5.4 60.250
Ast-21 55.350 98.880 1.690 8.160 10.450 1.550 %8B.85 60.220
Ast-22 52.170 99.250 1.620 8.060 10.870 1.520 55.12 63.310
Ast-23 51.930 98.386 1.600 8.080 10.940 1.420 ?.11 60.000
Ast-24 60.850 120.540 2.290 11.340 18.250 2.070 1888B. 60.390
Ast-25 58.120 130.380 2.380 11.480 19.890 2.100 4288. 60.100
Ast-26 40.250 100.240 1.700 7.010 13.150 1.570 %0.5 67.146
Ast-27 47.380 98.680 1.630 7.430 15.890 1.520 55.18 62.680
Ast-28 46.210 96.530 1.550 7.390 16.350 1.236 ™.32 61.930
Ast-29 50.020 101.200 1.640 8.043 15.180 1.510 5B.4 60.810
Ast-30 59.240 104.000 1.620 9.140 13.580 1.400 8D.8 67.000

Mean 50.539 101.705 1.764 8.357 14.257 1.595 (1.8 61.566

C.D at 5% 7.027 4.754 0.076 1.834 2.826 0.084 373.8 4.222




Genotypes Characters
% % Pel Py % % % %
Ast-1 10.000 0.180 27.733 3.830 5.413 24.380 39.05( 105.050
Ast-2 8.690 0.150 24.260 4.270 6.753 16.380 38.48(0 104.270
Ast-3 8.930 0.150 26.223 4.210 6.413 14.010 37.550 110.380
Ast-4 8.580 0.146 25.000 4.220 6.603 15.080 34.820 105.500
Ast-5 8.080 0.130 29.920 3.630 5.180 12.820 38.100 108.600
Ast-6 8.330 0.140 31.220 3.590 4,920 18.030 42.120 112.070
Ast-7 8.680 0.150 30.250 3.410 5.070 19.970 41.050 103.150
Ast-8 11.870 0.200 30.420 2.100 3.870 20.450 45.100 63.880
Ast-9 9.520 0.170 32.276 2.720 4.610 21.830 42.140 87.770
Ast-10 9.086 0.160 32.030 3.330 4,950 13.080 39.24( 106.650
Ast-11 9.630 0.173 30.236 3.240 5.020 18.140 40.520 97.940
Ast-12 10.020 0.180 30.500 3.510 5.100 17.700 41.25 107.050
Ast-13 10.210 0.193 26.780 4.160 6.150 25.080 8.14 111.400
Ast-14 8.010 0.130 31.200 3.480 4.746 12.880 37.82( 109.090
Ast-15 9.480 0.170 26.930 4.020 5.820 20.380 32.14( 108.250
Ast-16 9.550 0.170 27.030 4.000 5.643 20.413 31.133 108.120
Ast-17 8.730 0.150 24.300 4.230 6.690 15.350 36.54( 102.780
Ast-18 10.030 0.180 34.010 4.390 7.030 21.970 40.13 149.300
Ast-19 10.450 0.206 24.003 4.340 6.810 25.593 ;.35 104.160
Ast-20 8.830 0.150 31.890 3.473 4,970 24.300 32.42( 106.510
Ast-21 9.050 0.160 28.210 4.150 6.133 21.050 33.40(0 117.070
Ast-22 8.450 0.140 27.266 4.080 5.953 19.880 30.140 110.160
Ast-23 8.400 0.140 26.610 4.190 6.196 18.110 29.40( 111.423
Ast-24 10.720 0.203 35.730 4.420 7.140 25.006 40.52 154.700
Ast-25 11.480 0.220 37.050 4.610 7.520 25.120 41.85 166.190
Ast-26 9.180 0.163 29.680 3.810 5.240 20.850 31.820 113.080
Ast-27 10.210 0.183 27.020 4.010 5.656 21.820 30.45 108.350
Ast-28 9.360 0.166 22.140 4.100 5.990 21.080 29.89( 90.770
Ast-29 8.190 0.133 26.910 4.070 5.943 22.740 34.830 109.520
Ast-30 8.480 0.143 26.2000 4.210 6.403 23.810 36.43 110.300
Mean 9.340 0.164 28.7677 3.860 5.798 19.910 36.69 110.116
C.D at 5% 2.046 0.010 3.420 0.182 0.548 2.792 073.3 7.321

X, = Plant height (cm); ,=No. of leaves pla*,Xs=Leaf area index; ,=No. of main branches ple*; Xs=No. of lateral branches pl¢*; X;=Days taken to appearance of f
flower bud; X=Days taken to first flower bud openings=¥/ase life of cutflower (days); ¥=Stalk diameter (cm); %= No. of flowers plant; X,,=flower weight (g);
X.=flower diameter (cm); X=length of flower stalk (cm); ¥=Duration of flowering (days); %=Flower yield (g) plant
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Aster

A field view of China Aster



Aster-11 Aster-12

Aster-17 Aster-04



Aster-18 Aster-09

Aster-10 Aster-06

Six top ranking genotypes of China aster



