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Abstract
The present investigation contines to evaluation of 230 randomly selected coriander genotypes for varying flowering
and seed formation periods as well as important morphological traits including seed yield. Principal component
analysis was used to asses the relationship among flowering and seed formation durations and morphological traits.
It was seen that flowering and seed formation durations formed different group than morphological traits another
group. Suggestions were made with regard to possible ideotype for higher seed yield to cope with terminal heat
stress, as in present day, the crop experiences sudden raise in temperatures during the maturity of the crop particularly
in north India.
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involvement of several variables or traits. Principal
component analysis helps researchers to distinguish
significant relationship among traits. It helps to reduce
the number of variables into related components called
principal components. The cluster analysis is also an
appropriate method for determining family relationships
but the main advantage of using PCA over cluster
analysis is that each genotype can be assigned to one
group only (Mohammadi, 2002). The present study,
therefore is an attempt to understand the variation in
flowering and maturity durations and their relation with
other morphological traits which may influence seed yield.
In order to mitigate the effects of terminal heat stress,
emphasis is placed on developing genotypes which
mature early with little loss in yield. Hence based on the
analysis of ideotype for specific environment in coriander
is also preseneted.

Introduction
Coriander is an important spice crop of India. It is grown
for both seed as well as leaf. Coriander is a cool season
(rabi) crop in India when it is grown for seed. The major
areas of cultivation of coriander are located in the states
of Rajasthan and Gujarat. As with other rabi crops the
coriander is also facing forced maturity due to shortening
cool period as a result of climate change and mostly
faces terminal heat stress which reduces seed yield. Like
many of the Apiaceae members, the flowering and
maturity is long in coriander and exhibits indeterminate
behaviour, meaning that the early or primary umbels
mature first while late or higher order umbels may show
late flowering and or seed formation. Diversity is important
to bring improvement in any crop. Seed yield is a complex
traits which is the cumulative result of the action of
several morphological characters. Such characters which
affect the final character, the seed yield are termed as
component traits. The component traits are expected to
be related to the seed yield, i.e. are expected to be highly
correlated either positively or negatively (Rymuza, 2012,
Turska, 2014). The characters among themselves may
be related. Selection for seed yield based on the
component traits is expected to result in high yielding
genotypes. Hence it is essential to know which are the
component traits. Several methods are available to help
such modelling. In a multivariate situation, identification
of such characters becomes difficult, because of the

Material and methods
The Department of Plant Breeding and Genetics at SKN
College of Agriculture, Jobner maintains a large collection
of germplasm in coriander as part of AICRP on spices.
From this collection, a random sample of 230 lines were
evaluated in augmented block design with four blocks.
The checks namely RCr-20, RCr-436, RCr-475, RCr-480,
RCr-728, and local were repeated in every block. The
checks and entries within a block were randomized to
reduce bias (3 m longness). Each genotype was sown in
a single row with a spacing of 30 cm and 3 m long. The
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interplant spacing within a row was maintained at 10 cm
when the crop was 27 days old. A random sample of 5
plants was chosen for making observations. These plants
were tied and observed on daily basis for various
morphological traits. The day on which the first flower
appeared in the main umble and the first fruit formed of
the selected plant was noted among the randomly selected
plants in a given plot. When the plants matured, before
harvesting, the data on other traits as listed in Table 1
were recorded. The mean data was subjected to analysis
according to augmented design using the SAS 9.2
software. The corrected values were used to estimate
correlations and principal component analysis using SAS
9.2 software.

characteristics have little influence on the variability
among the lines and selection based on these traits may
be of little value. Some of the earlier studies also support
this observation (Verma, 2015; Meena, 2013; Arif, 2014;
Khan, 2009). Genetic structure and green leaf
performance evaluation of geographically diverse
population of coriander.
Principal component analysis (PCA) reflects the
importance of the largest contributor to the total variation
at each axis of differentiation (Sharma, 2013). Principal
component is a linear combination of simplifying complex
data sets. Each principal component is a linear
combination of original variables, and so it is often possible
to ascribe the meaning to what the components represent
(Lewis & Lisle, 1998). Let X = [xi] be any k × 1 random
vector. We now define a k × 1 vector Y = [yi], where for
each i the ith principal component of X is

Results and discussion
The ANOVA has indicated significant differences for
different traits among the lines. Significant interaction
between the entries and the checks indicated that the
lines as a group significantly deviated for most of the
traits from checks as a group.
Among the different characters studied, seed yield per
plant followed by umbels per plant and seeds per umbel
were found to be the most variable characters as judged
by the coefficient of variation, because they had high
coefficients of variation (Table 1). All most all the flowering
and seed formation duration characters were the least
variable ones. This indicates that the flowering and fruiting

Principal component analysis is generally constructed
using correlations between different traits (Rencher, 2002).
Therefore simple correlations between different traits have
been worked out which are presented in Table 2. The
correlations were found to be positive and highly
significant for most of the character pairs. While almost
all the traits have shown significant correlations with seed

Table 1. Mean, range and coefficient of variation of different morphological and seed yield in coriander

Character

Mean

SE(±)

Minimum

Maximum

CV

91.27

1.08

62.63

139.20

17.71

6.40

0.06

4.51

9.11

13.38

27.67

0.87

3.76

86.96

46.87

4.45

0.05

2.68

6.62

16.19

25.07

0.67

1.45

60.68

39.73

9.27

6.8

0.44

32.83

73.45

1000 Seed weight in g (SW)

12.65

0.14

6.78

18.25

16.07

Days to 50% flowering (DF)

82.32

0.47

63.13

112.79

8.59

Days to initiation of flowering (DIF)

69.44

0.45

58.33

91.33

9.79

Days to completion of flowering (DCF)

92.04

0.50

75.21

119.21

8.09

Days to initiation of grain formation (DIGF)

93.50

0.37

81.21

118.21

5.86

Days to completion of grain formation (DCGF)

120.80

0.18

115.92

134.75

2.25

Days to bigining of maturity (DBM)

120.57

0.15

116.71

131.71

1.86

Days to completion of maturity (DCM)

137.54

0.07

134.88

141.88

0.75

3.51

0.14

0.44

11.83

61.67

Plant Height (cm) (PH)
Branches per plant (BP)
Umbels per plant (UP)
Umbellets per umbel (UU)
Seeds per umbel (SU)
Biological yield per plant in g (BY)

Seed yield per plant in g (SYP)
2

Table 3. Eigen values and vector for various principal components.

Table 2. Simple correlations between different morphological traits and seed yield in coriander (Character abbreviations are the same as in Table 1).
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these genotypes were found to have lower values for the
first two PC components. This has indicated that there
is good correlation between the yield components which
influenced the first two PCs.
Developing an ideotype in coriander

yield, the correlations of test weight were however found
to be negative and significant with most of the traits
except with seed yield.
In principal component analysis, Eigen values are often
used to determine how many factors to retain. The
theorem is that sum of Eigen values equals to number of
variables used. The first component therefore is expected
to retain maximum information. The principal component
analysis (Table 3) has shown that the first four principal
components contributed more than 75% to the variation.
Of these the first three components contributed >70 %
to the total variation. The first component contributed
maximum (39.204 %) followed by second component
(22 %), the third component contributed 11.36 %, thus
major emphasis is on the first three components. In order
to identify the characters which influenced most the PCA
value, it is customary to look for individual loadings (Eigen
vectors). Such values which are closer to unity in a given
component represent the influential charters for that
component (Bhanupriya, 2014). If the individual loadings
(Eigen vectors) are considered, the first component was
basically influenced by DCF, DF, DIGF, PH and DIF in
the decreasing order. All these traits had positive
association with seed yield (Table 2). The second and
third component was basically influenced by UP, BY,
BP as well as SYP, again all these traits, excepting DBM
and DCM had positive association with seed yield although
there was directional change for DBM and DCM. In other
words we can see two distinct groups affecting seed yield
as can be visualized in Figure 1. One, the flowering (the
characters on the lower right quarter of the scatter figure)
and grain formation attributes and the other the
morphological attributes (the upper right hand quarter in
the figure). Seed weight formed the third group. If one
were to discern the characters that influenced most the
seed yield, it appears the characters which influenced
positively are plant height, followed by seeds per umbel
while the characters which influenced negatively are Days
to initiation of flowering, days to completion of flowering,
days to initiation of grain formation.

According to (Donald, 1968) breeding efforts can be
caterogarized into two- "defect elimination" which basically
mean removing any kind of defects in the plants to make
them more productive, like breeding for disease
resistance and the second group "selection for yield",
which basically mean breeding cultivars which have higher
yield than their competitors. In seed spices the "defect
elimination" is still in infancy while almost all the efforts
are directed towards "selection for yield". This is time we
should think of modifying our efforts. The term ideotype
as introduced by (Donald, 1968) basically refers to a
biological model which is expected to perform or behave
in a predictable manner within a defined environment. In
other words, it refers to a model plant or ideal plant type
that the breeder will make efforts to achieve. Naturally
this will depend on different components inherent to the
plant. All the plant types that we see today are specific
ideotype that nature has modelled for different ecological
niches.
Development of ideotype is a conceptual one and requires
inputs from all the stake holders. A good ideotype is based
on interdisciplinary approach and is a continuously
evolving process with new inputs integrating into the
ideotype concept.
The concept of an ideotype for breeding in coriander is
still a fancy. In general, the breeding aim of coriander is
to increase the seed yield. Although breeding for high
volatile oil in coriander is emphasised, increased volatile
oil content in any of the released varieties is a bonus and
no specific efforts are made.
Coriander is used both as herb (for leaves) as well as for
seed. The seeds as well as plant parts contain essential
oil which actually impart the typical flavour to the
coriander. The chemical composition of the essential oil
is described by (Parthsarathy, 2008). The general
cultivation method includes sowing of seeds by
broadcasting either in raised beds or in flat beds and
harvesting the leaves either by cutting at an interval of
25 to 30 days (generally two cuttings are taken) or by
uprooting the plants at 25-30 days when sown for leaves
and broad casting or line sowing when the crop is intended
for seeds. A good description about the cultivation method
is given by (Sastry, 2009; Singh, 2003). Distinct changes
are seen in plant type during the life cycle of the plant.
Based on the differences in the plant shape, three types
are recognized- prostrate (spreading), semi erect and erect
(Sastry, 2011; Singh, 2003). The spreading types are
better suited for leaf purposes as their biomass is more

In order to identify the genotypes, a scatter diagramme
of scores of the first two components was generated
(figure 2) which indicated wide variation among the
genotypes. In order to get a better understanding of the
genotypic diversity, the top 10 genotypes with the highest
seed yield and the 10 genotypes with least seed yield
among the genotypes were selected and the scatter plot
of the first and second principal component scores was
prepared. Figure 3 indicated that the genotypes grouped
into two distinct groups. One group of genotypes was
high yielders. Incidentally all these genotypes had high
PC values for the first two components. In contrast other
group of genotypes was least yielders. Once again all
4
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and they rapidly grow. But when one is interested in seed
types, the erect plant is found to be better suited.
Having decided to go for erect type of plant for the seed
types, it is now essential to decide on the flowering and
seed formation durations to tune the plant type. The
observations presented above have indicated that longer
the flowering and grain formation duration, higher the yield.
Similarly higher the values of the morphological traits,
higher the seed yield. However, in situations where
terminal heat stress is experienced, higher duration of
flowering or seed formation may be detrimental to the
yield, hence shorter duration of flowering and seed
maturity periods are suggested. The linkage between
flowering duration and seed yield must be broken before
an early maturing and high seed yielding types are
realized. Alternatively, one should look for genotypes
which start flowering much earlier but mature early so
that genotypes which may escape terminal heat stress
as is experience in present circumstances are available.

Fig. 3: Scatter diagramme for the first two PCs of the
select genotypes based on seed yield.
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