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ABSTRACT

Forty-two genotypes of China aster [ Callistephus chinensis (L.) Nees] were evaluated in RBD with two replications
for growth, flowering, yield and postharvest traits to determine the variability, heritability, genotypic and phenotypic
coefficient of variation, correlation and path coefficient among 13 quantitative traits, based on which selection may
be made. The study was carried out at the Division of Floriculture and Medicinal Crops, ICAR-Indian Institute of
Horticultural Research, Hesaraghatta, Bengaluru during 2015-16 and 2016-17. Results revealed that magnitude of
the phenotypic coefficient of variation (PCV) was higher than genotypic coefficient of variation (GCV) for all the
traits. High (>20%) PCV and GCV was recorded for plant height, number of leaves per plant, plant spread, flower
stalk length, 100 flower weight, number of flowers per plant and weight of flowers per plant. Heritability estimates
ranged from 92.32% (number of leaves per plant) to 99.84% (100 flower weight). High heritability coupled with high
genetic gain as per cent of mean was recorded for all the traits studied. The weight of flowers per plant was significant
and positively correlated with all the economic traits, except for shelf life. Path coefficient analysis using correlation
coefficients revealed that number of flowers per plant contributed highest positive direct effect on weight of flowers
per plant, followed by weight of 100 flowers. Therefore, the selection on the basis of traits, viz. plant height, number
of leaves per plant, plant spread, flower stalk length, 100 flower weight, number and weight of flowers per plant will
be more effective for improvement of traits in breeding of China aster.
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China aster [Callistephus chinensis (L.) Nees], belongs
to family Asteraceae and is a native of China (Navalinskien
et al. 2005). Callistephus is a monotypic genus, containing
single species C. chinensis (Khangjarakpam et al. 2014)
and having diploid (2n) chromosome number 18 (Huziwara
1954). It is one of the most popular flowering annual,
commercially grown for cut flower and loose flower purpose,
which are used in floral decoration, in bouquets and garlands.

The crop improvement depends on the extent of
genetic variability available in the germplasm. This can
be determined with the help of phenotypic coefficient of
variation (PCV) and genotypic coefficient of variation
(GCV) which leads to the efficient selection of plants for
breeding purpose. High heritability along with high genetic
advance can be used for efficient selection (Johnson et al.
1955). Indirect selection will be helpful after studying the
correlation coefficients between various desirable traits.
To simplify the complex interactions among various traits,
path coefficient analysis is highly effective method which
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reveals the direct and indirect causes of such interactions.
Quantitative approaches have been used for studying various
flowering characters in China aster (Negi et al. 1983,
Khangjarakpam et al. 2015, Tirakannanavar et al. 2015).
Therefore, the present study was carried out to determine
the genotypic and phenotypic coefficient of variation,
heritability, correlation coefficients and path coefficient
analysis which would be helpful in formulating future
breeding programmes in China aster.

MATERIALS AND METHODS

The present study was carried out in the Division of
Floriculture and Medicinal Crops, ICAR-Indian Institute of
Horticultural Research, Hesaraghatta Lake Post, Bengaluru
during 2015-16 and 2016-17. The experimental site was
located at 13°58” N Latitude, 78°E Longitude and at an
elevation of 890 m amsl. The soil was red loamy with
pH 7.35 and EC 0.26 dS/m. A total of 42 genotypes were
evaluated for vegetative growth, flowering, yield and
postharvest life in randomized complete block design with
two replications. Twenty plants per replication were planted
at a spacing of 30%30 cm under open field conditions.
The recommended agronomical practices were adopted
to raise the successful crop. Five uniformly grown plants
were selected for recording biometrical observations, viz.
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plant height (cm), number of leaves per plant, plant spread
(cm), number of branches per plant, days to first flowering,
flower stalk length (cm), flower head diameter (cm), weight
of 100 flowers (g), number of flowers per plant, weight of
flowers per plant (g), duration of flowering (days), vase life
(days) and shelf life (days). The genotypic and phenotypic
coefficients of variance were calculated as suggested by
Burton and De Vane (1953) and heritability (broad sense),
genetic advance and genetic gain were calculated by the
formula given by Johnson ef al. (1955). The correlations
and path analysis were done by following method of Al-
Jibouri et al. (1958) and Dewey and Lu (1959).

RESULTS AND DISCUSSION

Significant differences for growth, flowering, yield and
postharvest traits among the genotypes were revealed by
analysis of variance. The substantial improvement of this
crop is possible due to the existence of wider variability
among the genotypes.

Estimation of genetic parameters for growth, flowering,
yield and postharvest traits

The amount of variation present in the China aster
genotypes was estimated through GCV and PCV. Extent of
variability was measured in terms of mean, range, genotypic
coefficient of variation (GCV) and phenotypic coefficient
of variation (PCV) along with per cent heritability (h?) and
genetic advance over per cent mean and is presented in Table
1. The magnitude of phenotypic coefficient of variation
was higher than the genotypic coefficient of variation
for all the characters studied, even though the difference
was very less. This indicates the role of environment in
expression of genotypes. Similar results were also reported
by Tirakannanavar et al. (2015), Rai et al. (2017) and
Kumari ef al. (2017) in China aster. High (>20%) PCV and
GCV was recorded for plant height, number of leaves per
plant, plant spread, flower stalk length, 100 flower weight,
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number of flowers per plant and weight of flowers per plant.

The genotypic coefficient of variation helps to measure
genetic variability with regard to a character and, therefore,
it is not possible to partition existing heritable variation in
a population based solely on this estimate. Estimates of
heritability in a broad sense give a measure of transmission
of characters from one generation to another, thus, giving
an idea about the heritable portion of variability which
enables the plant breeder to isolate elite selections in the
crop. Therefore, to know the existing heritable variations,
genotypic coefficient of variation should be considered
together with heritability estimates to get the best picture of
the amount of advance to be expected from the selections
(Burton 1952). However, Johnson et al. (1955) suggested
that heritability estimates along with genetic gain are more
helpful than the heritability value alone in predicting the
result for selecting the best individual. Heritability and
genetic advance increase efficiency of selection in a breeding
programme by assessing influence of the environmental
factors, and additive gene action. High heritability estimates
with high genetic gain as per cent of mean was observed for
all the traits studied. High heritability for all the traits has also
been reported by Prakash ef al. (2017) in Chrysanthemum.
High heritability coupled with high genetic advance was
also reported for leaf breadth in gerbera (Kumar et al
2012), flower yield in African marigold (Panwar et al.
2013), number of leaves per plant, leaf area, number of
cut flowers per plant in Chrysanthemum (Patil et al. 2019).

Phenotypic and genotypic correlation coefficients for
various traits in China aster

Correlation coefficients among different traits had been
worked out (Table 2). In general, the genotypic correlation
coefficients were higher than phenotypic correlation
coefficients. This may be due to the interaction of genotypes
with the environment. These correlation coefficients provide
a measure of association among traits. The significant

Table 1 Genetic parameters for various traits in China aster
Character Mean + SEm Range GCV PCV  Heritability Genetic Genetic
(%) (%) (%) advance gain (%)
Plant height (cm) 45.50 = 0.66 8.20- 61.8 24.93 25.01 99.33 23.29 51.18
Number of leaves per plant 19.50 + 0.86 9.20- 32.35 21.68 22.57 92.32 8.37 4291
Plant spread (cm) 24.54 +0.72 8.75- 42.65 32.45 32.72 98.40 16.27 66.31
Number of branches per plant 12.08 £ 0.30 6.65- 17.60 19.68 19.99 96.91 4.82 39.90
Days to first flowering 66.71 £0.71  46.85- 100.15 16.89 16.95 99.20 23.11 34.65
Flower stalk length (cm) 35.62 £ 0.72 4.65-49.10 29.32 29.37 99.65 21.47 60.28
Flower head diameter (cm) 5.39 +0.07 3.54- 6.74 15.91 16.01 98.82 1.76 32.58
100 flowers weight (g) 292.02 +£2.66  105- 548.25 31.97 32.00 99.84 192.17 65.81
Number of flowers per plant 40.92 £ 0.46 7.35- 65.05 34.80 34.84 99.80 29.30 71.62
Weight of flowers per plant (g) 12449 £2.06  7.71- 235.20 48.62 48.68 99.77 124.54 100.00
Duration of flowering (days) 2492 +0.30  16.57- 34.40 19.49 19.57 99.23 9.97 40.00
Vase life (days) 7.06 +0.12 5.40- 9.50 14.16 14.37 97.10 2.03 28.74
Shelf life (days) 3.42 +0.08 2.35-4.41 14.20 14.54 95.29 0.98 28.55




1645

GENETIC VARIABILITY, CHARACTER ASSOCIATION IN CHINA ASTER

October 2019]

JueoYIUSIS UoU SN pue (10°0=d) 3& JUBIYIUSIS 4, (S0'0=d) J& JULIYIUTIS ,

00°1 SNSI'0-  SNSI'0  SN9I'0  SNIT0 *SCT0 SNOT'0  SNLI'0  SN€00-  %x6€0 #*%9¢€°0 #6000  SNSI'0 O
00'1 SN#1'0-  SN¥I'0  SNOT'0  SNIT'0 %*SCT0 SNSI'0  SNLI'0O  SNE00-  #xL€0 #*%5€°0 %*8C0 SNSI'0  d (s&ep) 1] J1oUs
00°1 #%CE0 *£C0 *9C0 %*CC0 #*%x9€°0 #xEV°0 #%67°0 *VC0 *VC0 *£C0 #%LS0 D
001 #%CE0 *£C0 *$T0 %*CC0 #*x5€°0 #*xCV'0 #*x87°0 %*CC0 *¥T0 SNOT0 #»96°0 d (s&ep) oy1] aseA
00°L #xEV°0 #xEV°0 #*%LE€°0 #*%8€°0 #x¥¥°0 #*%£6°0 #x%EV°0 #*%19°0 #*%£€°0 #9970 D
00°1 #xE7°0 #*xE7°0 #%L€°0 #%8€°0 #xVP°0 #%CS°0 #xEV°0 #*%19°0 #*%CE0 #»SV'0 d (sAep) Suromoy jo uoneInq
00T #%£8°0 #%08°0 #%99°0 #*%EL°0 #%CS°0 #*%65°0 #*%£9°0 #*%65°0 #**V9'0 D
00°1 #%£8°0 #%08°0 %%99°0 #%EL°0 #%1S°0 #%8S°0 #%£9°0 #%LS°0 #+79°0  d  (5)uerd 1od sromoy Jo 1ySrom
00T #*%x8€°0 #*x5¥°0 #*%8L°0 #xV€°0 #x[6°0 #9770 #*%8€°0 #9900 D
00°1 #*%8€°0 #xV1°0 #*%8L°0 #xV€°0 #%05°0 #9170 #*%x9€°0 x990 d wued 1od s1omop Jo JoquinN
00°1 #%x9L°0 #%LS°0 #%95°0 #%5S°0 #x0L°0 #%L9°0 #»#VS0 D
00°L #*%SL°0 #*%LS°0 #*%96°0 #xVS°0 #%0L°0 #%59°0 #VS0  d (8) wSrom s1omop 001
00°1 #%x99°0 #%5S°0 #%C9°0 #%L9°0 #%£S°0 #%L90 D
00°L #*%59°0 #xVS°0 #*%19°0 #*%L9°0 #x[5°0 x990 d (wo) 1o10WeIp peay 10MO[]
00°L #%067°0 #*%x95°0 #*%C9°0 #xVS°0 #xC60 D
001 w670 wxSS°0 %190 #xTS0  #xC60 d (o) 3u [eIs 1MoL
00°1 *xLY°0 #*%£6°0 #*%6L°0 #6560 D
00°1 #*x97°0 #%£6°0 #*%9L°0 #=»#PS0  d Sutuado 1omoy 1s1y 10y skeq
00°L #%[8°0 #*%55°0 #**LV'0 D
00T #%08°0 #%£5°0 #xLV’0 4 uerd 1od sayouelq Jo soquinN
00T #*%£9°0 #*xCS0 D
001 #C90  #x1S0  d (wo) peaxds jueld
00°T #8700 D
001 w270 d jueld 1od s9ABI[ JO JoqUINN
00°1 D
001 d (wo) yys1oy jueld
(sKep) 3) ®) (wo) (wo) Sutuodo  juerd 1od
Sumomopy jued 1od  jueid zod  jySrom  1ojowelp  ISuo| Iomop  sayouelq (wo) juerd 1od (wo)
(sAep) (sAep) Jo SIOMOY  SIOMO[ JO  SIOMOY peay Nrels 1s1y 10J Jjo peards  soaeo[jo 3oy
AJI[ JIOYS  9JI[ 9seA  uoneIn(  Jjo JYSOA\  JoquunyN 001 IOMO[]  1OMO[] ske JoqunyN. jue[d Joquuny jue[d I9)08IRY)D)

19)Se 'UIY)) UI S}Ie) €] J0J SJUSIOYJI09 uone[oroo (0) ordAjoudd pue (J) ordKjousyq 7 o[qel



[Indian Journal of Agricultural Sciences 89 (10)

BHARGAV ET AL.

1646

600'0-  ¥00°0 600°0- 080°0 LLTO L0070~ €00°0- ¥00°0- 100°0 100" ¥€0°0- 020°0- )
£20°0- £00°0 L000- 180°0 0LT°0 S00°0- 010°0- €00°0- 100°0 €10°0- 910°0- S10°0- d (s&ep) 1] J1oys
1000 $20°0- 12070~ 838170 TS10 S10°0- L00°0- 6900 0000 8000~ LT00- 6L0°0- D
€000 120°0- 910°0- S81°0 8710 €10°0- §20°0- 00 100°0 600°0- (4500 LS00- d (s&ep) oy1] oseA
100°0- 8000~ $90°0- S1€0 65ST0 L1070~ L00°0- ¥L0°0 100°0 120°0- 8€0°0- €90°0- D
€000-  L00°0- 60°0- S1€0 €5T0 ¥10°0- 920°0- S¥0°0 100°0 €200~ 610°0- 9%0°0- d (s&ep) Sutiomoy jo uonem(
1000 900°0- 8200~ 6CL’0 L9T0 610°0- €100~ 8700 100°0 910°0- ¥¥0°0- 60°0- D
€000-  S00°0- 120°0- 1€L°0 19C°0 910°0- 9%0°0- 0€0°0 2000 L1070~ 120°0- L9070~ d wued 1od s1omo Jo JoquinN
¢00°0-  S00°0- ¥20°0- 0870 ¥69°0 €€0°0- 600°0- 6L0°0 100°0 ¥20°0- 8L0°0- SLO0- D
900°0-  S00°0- 81070~ 0870 189°0 8200~ €€0°0- 870°0 2000 920°0~ 8€0°0- 6500~ d (8) 1ySrom s1om0p 001
100°0- 80070~ §e0°0- §Te0 §ecso ¥¥0°0- 110°0- LLOO 100°0 €200~ 190°0- 6070~ )
€00°0- 80070~ 610°0- €Ce0 ¢IS0 L€00- 8€0°0- L¥0°0 000 §20°0- 0€0°0- L9070~ d (o) INeWRIp Peay] 1MO]]
000 010°0- 8200~ L9S°0 ¥6£°0 62070~ 910°0- 6900 100°0 120°0- €90°0- LTI°0- D
¥00°0- 60070~ 00" L9S°0 ¢8¢€0 ¥20°0- 650°0- w00 000 €20°0- 1€0°0- 7600~ d (o) yySua] N[ess 1omofq
0000  C10°0- 7€0°0- 0ST0 06£°0 ¥20°0- 8000~ 0r1°0 100°0 810°0- 7600~ SLO0- D
1000 010°0- 9200~ 6vT0 6LE°0 020°0- 620°0- L80°0 100°0 020°0- S¥0°0- §50°0- d Suruado 1omoy Is1y 10§ ske(
€000- 9000~ 8700~ ILE°0 78¢0 LT00- 6000~ 9900 000 8200~ $90°0- $90°0- D
800°0-  S00°0- 120°0- 99¢'0 69¢€°0 00" €00~ 0%0°0 €000 0€0°0- €00~ L¥0°0- d wued 1od soyouelq Jo IoquInN
€000- 9000~ 0%0°0- LEEO 8810 6200~ 010°0- SLOO 100°0 ¥€0°0- ¥L0°0- 1L0°0- D
800°0-  S00°0- 0€0°0- YEE0 SLY'0 ¥20°0- 9¢€0°0- 900 €000 8€0°0- 9¢0°0- s0°0- d (wo) peards juejd
€000-  S00°0- 12070~ SLTO 99%°0 €200~ 60070~ I11°0 100°0 00" LIT°0- 990°0- D
900'0-  ¥00°0- 910°0- S9T0 0v¥'0 61070~ 1€0°0- 9900 20070 €200~ 6S0°0- L¥0°0- d wued 1od soAe[ jo ToquunN
100°0-  ¥10°0- 6¢0°0- €8%°0 LLEO 62070~ S10°0- LLOO 100°0 81070~ 950°0- 8E1°0- D
€000-  CI00- 00" €8¥°0 69¢€°0 ¥20°0- ¥$0°0- LY0°0 100°0 610°0- 87070~ 101°0- d (o) ySiey Jued
(sAep) wuerd (8) ySrom (uo) Sutuodo  juerd 1od (wo) juerd (uo)

(sAep) (sAep)  Suuomop I1od somopg s1omop Iojowelp (wo) P3u9]  JOMOp ISIY  soyoueIq peards  1od soaeo]  JyJ1oy

OJI] JIOUS 9J1] 9SEA JO uoneIn( JO Ioquny 001 peoy 10MmO[, eI Jomo[ JoJ sAe Jo IoqunyN  jue[d  Jo JoqunyN  jueld IajoeIey))

10)Se BUIYD) UI SR} ¢ J0J SISATRUE JUSIOUJO00 yied ¢ O[qeL



October 2019]

and positive correlation (genotypic and phenotypic) was
observed for all the characters with weight of flowers per
plant except shelf life. A positive significant correlation
of plant height was observed with all other traits except
shelf life of flowers. Similar results have been reported
by Tirakannanavar et al. (2015) and Rai et al. (2017) in
China aster. The weight of flowers per plant was positively
correlated with number of flowers per plant and weight
of 100 flowers both at phenotypic and genotypic levels,
respectively. There is least variation in the phenotypic and
genotypic correlation among the important economic traits
revealed that there is negligible environmental influence
on the genotype. The results are in accordance with the
findings of Khangjarakpan et al. (2015) and Rai et al.
(2017) in China aster.

Similarly, plant spread, number of branches per plant,
days for first flower opening, flower stalk length, flower
head diameter, 100 flowers weight, number of flowers per
plant, duration of flowering were significant and positively
correlated with all the economic traits except with shelf
life. Panwar et al. (2013) and Bharathi et al. (2014) in
marigold and Rai ef al. (2017) in China aster also reported
similar results.

Path coefficient analysis for various traits in China aster

Path coefficient analysis measures the direct effect
of one variable with other and allows separation of
correlation coefficient into direct and indirect effects.
The path coefficient analysis suggested by Dewey and
Lu (1959) specifies the effective measure of the direct
and indirect causes of association and depicts the relative
importance of each factor involved in contributing to the
flower yield per plant. This provides the actual information
on contribution of the characters and thus forms the basis
for selection of suitable characters to improve the yield.
Considering weight of flowers per plant to be a dependent
trait, phenotypic and genotypic coefficients of correlation
between weight of flowers/plant and all other characters
were further partitioned into direct and indirect effects
(Table 3). It is evident that both phenotypic and genotypic
correlations have direct and indirect effects. High positive
direct effect on weight of flowers per plant was recorded for
number of flowers per plant followed by 100 flowers weight.
The days to first flower opening had low positive direct
effect on flower yield per plant. However, at phenotypic
and genotypic level, plant height observed least negative
direct effect on flower yield per plant, whereas, number
of leaves per plant, flower stalk length and duration of
flowering observed negative effect on flower yield per
plant. The results suggested that there had been change in
both magnitude and direction. Similar results have been
reported by Khangjarakpam (2015), Rai ez al. (2017) and
Naikwad et al. (2018) in China aster; Singh et al. (2014)
and Choudhary ef al. (2015) in marigold.

The present study revealed the existence of considerable
variation among China aster genotypes and presence of
highly heritable economic traits. Based on the information of
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genotypic and phenotypic correlations and path coefficients
analysis, it is suggested that an ideal China aster genotype
for getting higher flower yield per plant would possess more
plant height, larger flower head diameter, longer stalk length,
more weight of 100 flowers and more number of flowers
per plant. Therefore, selection based on these attributes
would results in genetic advance for flower yield per plant.
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