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ABSTRACT 

Present investigation was aimed to explain genetic variability under four different environments 

with 24 diverse lines of carrot. A wide phenotypic range was observed for most of the traits including 

weight of root and total biomass in environment E-11 indicating environment E-11 to be the most 

favorable for expression of maximum genetic variability present in the genotypes. The estimates for 

parameters GCV (%) and PCV (%) displayed relatively higher amount of genetic variability for 

petiole length, ~ -carotene content and total soluble sugar over the environments. High heritability 

accompanied with high genetic advance was observed for weight of root per plant, core size, 

harvest index, root index, B-carotene content and total soluble sugar in environment E-11. Root 

weight per plant was positively correlated with number of leaves per pant, length of root, plant top 

height, root index and total biomass. Total soluble sugar as an important quality parameter showed 

positive correlation with plant top height, core size and root index. 
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Carrot (Daucus carota L.), is an important root 

vegetable crop worldwide, both economically and as 

a source of provitamine 'A' carotenes. Carrot is 

cultivated in India, China, Malaysia, Indonesia, 

Philippines, European countries, West Africa and 

north-south America. In India the important carrot 

growing states are Uttar Pradesh, Assam, 

Karnataka, Andhra Pradesh, Punjab and Haryana. 

Carrot (Daucus ca rota var. Sativus) belongs to family 

Apiaceae which also includes cumin, coriander and 

parsley. The cultivated types of this species crosses 

readily with wild Daucus carota L. which is 

distributed worldwide. Approximately 80 Daucus 

species have been identified. Almost all species, 

including carrot, are diploid, where n = 7 to 11. Carrot 

varieties are divided into two groups viz., Asiatic or 
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Tropical types and European or temperate types. 

Most of the tropical varieties are red coloured due to 

the presence of the pigment lycopene. Orange 

colour of the European types is due to ~ -carotene 

pigment, a precursor of vitamin 'A.' Purple and yellow 

colour of carrots is due to pigments anthocynin and 

xanthophylls, respectively. 

Estimation of genetic variability of a particular crop is 

prerequisite for making any effective breeding 

programme. Selection of genotypes to be included in 

the hybridization programme is possible only in 

presence of appropriate genetic variability. Most of 

the important characters including marketable yield 

are highly influenced by environment, since they are 

polygenically controlled. This makes selection 

process difficult. Thus, knowledge of heritability of 

yield component traits is the consequence of 

genotype and is inherited from generation to 

generation (Wright, 1921 ).Estimation of coefficient 
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of variation together with heritability estimates and 
genetic advance gives reliable information about the 
amount and extent of improvement possible from 
selection and the nature of gene action in the 

inheritance of polygenic traits. 

MATERIALS AND METHODS 

The present investigation was carried out during 
rabi 2011-2012 at two different locations (Four 
Environments) viz., at Botanical Garden, 
Department of Genetics and Plant Breeding, 
Chimanbhai Patel College of Agriculture, 
Sardarkrushinagar Dantiwada Agricultural 
University, Sardarkrushinagar and Main Potato 
Research Station, Sardarkrushinagar Dantiwada 
Agricultural University, Deesa Among 24 diverse 
lines of carrot obtained from different sources. Each 
entry was planted with a spacing of 30 cm between 
rows and 10 cm between plants. The experiment 
was laid out in a randomized block design with three 
replications. Observations were made for the 
characters viz., number of leaves per plant, petiole 
length (cm), length of root (cm), root diameter (cm), 
weight of root (g/plant), plant top height (cm), root 
laterals, core size (mm), harvest index (%), root 
index, total biomass, ~ -carotene contents (µg/g) and 
total soluble sugar. Analysis of variance was 
calculated on the method suggested by Panse and 
Sukhatme, 1978. The Genotypic and Phenotypic 
coefficient of variation (PCV and GCV) were 
estimated as per Burton, 1953. Heritability in the 
broad sense, suggested by Allard, 1960 and genetic 
advance (In term of percentage of mean) were 
computed according to Johnson et al., 1955. 

RESULTS AND DISCUSSION 

The Analysis of variance for individual environments 
revealed highly significant mean squares due to 
genotypes for all the characters except root laterals 
and total biomass in E-1 which indicate the presence 
of genetic variation for different characters (Table 1). 
The estimates of genetic parameters of variability, 
viz., phenotypic and genotypic coefficient of 
variation (PCV and GCV) along with heritability in 
broad sense(h) and genetic advance (GA) as 
percentage of mean for different characters (Table 
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2). The range was wide for weight of root (83.94 to 
125.92 g), total biomass (170.5 to 226.33 g) and ~ 
carotene content (18.28 to 66.57 µg/g). Moderate 
range was observed for plant top height (55.25 to 
68.23 cm), harvest index (42.27 to 56.07 %), petiole 
length (19.47 to 28.15 cm) and core size (18.0 to 
23.17 mm). The range was narrow in case of 
remaining characters i.e., number of leaves per plant 
(8.09 to 10.22), length of root (14.43 to 17.76 cm), 
root diameter (3.67 to 4.13 cm), root laterals (1.74 to 
2.87), root index (3.89 to 4.83) and total soluble 
sugar (4.09 to 7.15). Over all averages of different 
characters indicated that in general, genotypes 
performed better in E-11. High total biomass with 
higher range (250.17 to 399.83 g) was observed in 
E-11. Similarly, the lowest total biomass was (73.8 to 
151.93 g) observed in E-111. The average biomass 
over environments was (170.5 to 226.33 g). 
Similarly, the highest weight of root with the widest 
range (103.87 to 239.30 g) was observed in E-11. 
While, the lower weight of roots with narrow range 
(26.8 to 73. 7 g) was observed in E-111. 

In environment-I (E-1), the higher values of genotypic 
and phenotypic variances were observed for total 
biomass (367.84 and 1715.56), weight of root 
(102.78 and 317.84) and ~ -carotene (221.17 and 
226.67). In E-11, higher values of genotypic and 
phenotypic variances were recorded for total 
biomass (831.22 and 1268.67) and weight of root 

(677.73 and 910.49). Moderate amount of o', and o" 
values were recorded by harvest index (180.45 and 
269.14) and B-carotene content (217.83 and 
221.83.ln E-111, total biomass (982.90 and 1551.13), 
B-carotene content (183.74 and 185.61), harvest 
index (105.53 and 215.13) and weight of root (64.26 

and 156.70) showed higher o, and o*, values. The 

moderate to low values at o, and o, were exhibited 

by the remaining characters. In E-IV, higher values of 
genotypic and phenotypic variance were recorded 
by total biomass (471.76 and 640.81), ~ -carotene 
content (217.29 and 219.29), harvest index (216.8 

and 293.49) and weight of root (109.84 and 217.79). 
Moderate values were observed for plant top height 
(32.58 and 72.79) and petiole length (12.19 and 
23.96) Table-2. The remaining characters showed 
low variation. The variance components estimated 
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from pooled data Table 3 naked the values of 
genotypic and phenotypic variances i.e., 34.74 and 
236.81 for total biomass, 3.83 and 75.83 for weight 
of root, 13.06 and 16.70 for ~ -carotene and 3.58 and 
15.53 for harvest index. respectively. The moderate 
values of o~, and o' ~ were recorded for petiole length 

i.e., 3.31 and 4.74 and plant top height i.e., 0.76 and 
5.82, respectively. The rest of the characters 
exhibited low values of genotypic and phenotypic 
variances. On pooled basis range of all the thirteen 
traits were compared, maximum variation was 
observed for total biomass pursued by weight of root 
per plant (Table 3). The comparable results were 
obtained by Amin and Singla (2010) and Kumar et 
al., (2011). The study further revealed that the 
narrow range of phenotypic variation was observed 
for number of leaves per plant. This may be due to 
optimization of number of leaves per plant under 

natural selection pressure. 

Heritability indicates the effectiveness with which 
selection of genotypes can be based on phenotypic 
performance. High broad sense heritability 
estimates were observed for petiole length, B­
carotene content and total soluble sugar in pooled 
analysis. The characters weight of root, root 
diameter, plant top height, root laterals and total 
biomass registered very low heritability estimates on 
pooled basis (Table 3). Similar results of lower 
heritability for root yield by Gupta et al., (2012) and 
for root diameter core size and root length were 
observed by Amin and Sing la, (2010). The 
heritability for weight of root was highest in 
environment E-11. From this result, it can be 
concluded that environment E-11 was most 
favourable for expression of maximum genetic 
potential of genotypes. The expected genetic 
advance estimated over four environments was 
higher for total soluble sugar, while moderate values 
were observed for ~ -carotene content and petiole 
length. For all other traits including weight of root per 
plant, the genetic advance was very low. The root 
yield and root yield attributes like length of root, root 
diameter, harvest index, root index and total 
biomass registered lower heritability and lower 
genetic advance under selection. This shows 
influence of environment and G x E interaction in 

expression of phenotypes. Thus the selection ~ 
possible only after selecting a Particu1a~ 
environment were heritability values and geneti 
advance are higher for the characters unde~ 
improvement. Accordingly, heritability and geneti 
advance were higher for weight of root i~ 
environment-II (E-II). Therefore, selection for higher 
weight of root will be fruitful under environment-II (E 
II). Similarly, yield components like harvest index 
root index and total biomass having higher 
heritability and higher expected genetic advance 
can be improved under environment-ll (E-II). The 
weight of root per plant was highly and positively 
correlated with root index, plant top height, length of 
root and number of leaves per plant. Thus, four 
characters were turned out to be the principle 
component traits of weight of root. Strong and 
positive correlation coefficients for weight of root per 
plant with these traits indicated that the selection for 
any of these traits will simultaneously improve the 
yield, depending upon the magnitude of correlation 
(Table 4). The above results are in accordance with 
the finding of earlier workers for correlation of weight 
of root with length of root, plant top height Natarajan 
and Arumugam (1980) and Bhagchandani and 
Chaudhary (1980) weight of root with number of 
leaves per plant by Bhatia et al., (2002) and Singh et 
al., (2005). The weight of root was negatively 
correlated with root laterals, B-carotene content and 
total soluble sugar. Singh et al. (2005) noticed 
negative correlation of weight of root with total 
soluble sugar and ~ -carotene content. Thus, 
important characters positively correlated with 
weight of root per plant were number of leaves per 
pant, length of root, plant top height, root index and 

total biomass. 
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