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Genetic variability studies for yield attributes and foliar disease resistance
in groundnut (Arachis hypogaea L.)

R DIVYADHARSINI, R PRABHU, N MANIVANNAN* AND P VINDHIYAVARMAN

Department of Oilseeds, CPBG, Tamil Nadu Agricultural. University, Coimbatore-641 003, Tamil Nadu
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ABSTRACT

In the present investigation, estimates of genetic variability, heritability and genetic advance were assessed for
nine different characters in the F3 population derived from four groundnut crosses viz., CO 7 × GPBD 4, TMV 2 ×
GPBD 4, TMV Gn 13 × GPBD 4 and VRI 2 × GPBD 4. Considering the mean performance, the cross derivative
CO 7 × GPBD 4 registered superiority for the characters viz., number of pods per plant, pod yield per plant (g),
kernel yield per plant (g) and late leaf spot resistance. Apart from these characters, the cross VRI 2 × GPBD 4 and
TMV 2 × GPBD 4 also showed superior mean performance for 100-pod weight (g) and rust score, respectively. High
percentage of PCV, GCV, heritability coupled with high GAM values were recorded by number of pods per plant,
100-kernel weight (g), shelling (%), pod yield per plant (g), kernel yield per plant (g), late leaf spot score and rust
score in various F3 cross derivatives. Selection would be effective for these traits in respective crosses to obtain
promising progenies. Regarding the population distribution, negative skewness was observed in the cross CO 7 ×
GPBD 4 for 100-pod weight (g), 100-kernel weight (g), shelling (%) and sound mature kernel (%). Similarly,
platykurtosis was observed for late leaf spot and rust disease scores in VRI 2 × GPBD 4. Directional selection will
effectively improve the mean performance of these traits.

Keywords: Genetic variability, Groundnut, Kernel yield, Late leaf spot, Pod yield, Rust

Groundnut (Arachis hypogaea L.) is an important crop
both in subsistence and commercial agriculture in arid and
semi-arid regions of the World. It is one of the most
nourishing foods available in the World, grown as cash crop
for oilseed, food and animal feed. The groundnut is
particularly valued for its protein contents, which is of high
biological value (Mondal and Badigannavar, 2016). The two
major foliar diseases namely late leaf spot (Phaeoisariopsis
personata Berk. and Curt.) and rust (Puccinia arachidis
Speg.) affects the productivity of groundnut. These two
diseases often occur together and causes up to 50-70% of
yield losses in the crop  (Subrahmanyam et al., 1984).
Development of cultivars resistant/tolerant to these diseases
could be effective in decreasing the production costs,
improving production quality and reducing the detrimental
effects of chemicals on our ecosystem (Sreenivasulu et al.,
2015). The yield is a complex character, which is highly
influenced by environmental variations. Information on
nature and magnitude of variability present in the population
due to genetic and non-genetic cause is an important
pre-requisite for a systemic breeding programme (Prabhu et
al., 2015a). Genetic variability is essential for initiating an
effective and successful breeding programme and it became
imperative to study the level of genetic variability available
in the existing genotype. The study of genetic advance with
heritability estimates further clarify the nature of character
-------------------------------------------------------------------------- 
*E-mail: nmvannan@gmail.com

which can be improved through selection (Savaliya et al.,
2009). Therefore, the present investigation was undertaken
to study variability, heritability and genetic advance in four
segregating F3 populations of groundnut. The objectives of
the present study are to evaluate groundnut cross derivatives
for yield, yield attributes and foliar diseases, and to assess
genetic parameters among them.

MATERIALS AND METHODS

The present scientific investigation was carried out at
Oilseeds Farm, Department of Oilseeds, Centre for Plant
Breeding and Genetics, Tamil Nadu Agricultural University,
Coimbatore during kharif 2014. Four crosses viz., CO 7 ×
GPBD 4, TMV 2 × GPBD 4, TMV Gn 13 × GPBD 4 and
VRI 2 × GPBD 4 were made to develop foliar disease
resistant groundnut lines with acceptable pod and kernel
yield using five groundnut genotypes. Among the five, four
genotypes viz., CO 7, TMV 2, TMV Gn 13 and VRI 2 were
susceptible, while GPBD 4 was resistant to foliar fungal
diseases. Selection was done in F2 generation for pod yield,
kernel yield and foliar disease resistance. All the parents and
F3 progenies were evaluated in non-replicated trial.
Recommended cultural practices were followed throughout
the crop growing period. The spacing adopted was 30 × 10
cm. Observations were recorded and analysed in terms of
mean and variability parameters on nine characters viz.,
number of pods per plant, 100-pod weight (g),   100-kernel
weight (g), shelling (%), sound mature kernel (%), pod yield
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per plant (g), kernel yield per plant (g), late leaf spot (LLS)
and rust disease scores. Nine point disease scale suggested
by Subrahmanyam et al. (1995) was used to screen the lines
for sources of resistance to late leaf spot and rust diseases.
Standard statistical procedures were adopted for calculating
the mean and various genetic parameters like phenotypic
coefficient of variation (PCV), genotypic coefficient of
variation (GCV), heritability (h2) in broad sense and genetic
advance as per cent of mean (GAM). The range of
coefficient of variation (CV) was categorized as per
Sivasubramanian and Madhavamenon (1973): below 10% -
low coefficient of variation; 10-20% - medium coefficient of
variation; above 20% - high coefficient of variation. As
suggested by Robinson et al. (1949), the heritability range
was classified as: less than 30% - low heritability; 30-60% -
moderate heritability; more than 60% - high heritability.
Similarly, the range of genetic advance as per cent of mean
(GAM) was grouped as: less than 10% - low GAM; 10-20%
- medium GAM; more than 20% - high GAM (Johnson et al.,
1955).

RESULTS AND DISCUSSION

Mean and genetic variability is the basic requirement for
crop improvement as this provides wider scope for selection.
Mean serves as a basis for eliminating undesirable crosses.
Information on extent of genetic variability and role of
important yield determining traits are paramount importance
for their skillful engineering of new ideotype. The presence
of variability in crop is important for genetic studies and
consequently used for improvement and selection. Thus,
effectiveness of selection is dependent upon the nature,
extent and magnitude of genetic variability present in
material and the extent to which it is heritable. The results on
the mean performance and various genetic parameters for
nine yield and yield attributes of four segregating populations
viz., CO 7 × GPBD 4, TMV 2 × GPBD 4, TMV Gn 13 ×
GPBD 4 and VRI 2 × GPBD 4 are presented hereunder. 

Mean performance

Mean performance of parents: In a breeding programme,
mean performance is the foremost important criteria to select
an individual. Among the parents, CO 7 and TMV 2
recorded superiority for number of pods per plant while, the
parent VRI 2 possessed higher mean value for 100-pod
weight (g), 100-kernel weight (g), sound mature kernel (%),
pod yield per plant (g) and kernel yield per plant (g). GPBD
4 exhibited superior mean performance for shelling (%) and
late leaf spot score. Thus, VRI 2 was considered as desirable
parent for yield improvement and GPBD 4 for late leaf spot
resistance in groundnut (Table 1).

Mean performance of crosses: Among the crosses, CO 7 ×
GPBD 4 recorded superior mean performance for number of
pods per plant, pod yield per plant (g), kernel yield per plant
(g) and late leaf spot resistance. The cross VRI 2 × GPBD 4
exhibited higher mean value for 100-pod weight (g) whereas,
the cross TMV 2 × GPBD 4 for rust resistance alone. Hence,
considering the mean performance, the cross CO 7 × GPBD
4 is considered superior for yield improvement and late leaf
spot resistance. No significance was observed for remaining
traits in all the crosses.

Variability parameters

In the present study, the phenotypic and genotypic coefficient
of variation exhibited wide range for all characters. All the
four F3 populations exhibited higher PCV values than the
GCV values suggesting the influence of environmental
factors for all the characters studied. Less difference
observed between PCV and GCV in certain cases indicated
greater role of genetic components and less influence by
environment. Similar results were obtained by Ladole et al.
(2009) and Shinde et al. (2010).The genetic parameters
studied for various characters in F3 generation (Table 2) are
narrated below.

Table 1 Mean performance of parents for various traits in F3 generation of groundnut

Parent / Trait
Number of
pods per

plant

100-pod
weight (g)

100 kernel
weight (g)

Shelling 
(%)

Sound
mature

kernel (%)

Pod yield 
per plant 

(g)

Kernel yield
per plant 

(g)

LLS 
score

Rust
score

CO 7 23.38* 89.23 29.47 58.56 90.02 16.30 9.90 3.93 2.25

TMV 2 24.80* 81.93 28.58 60.13 90.78 17.91 10.68 5.02 2.50

TMVGn 13 18.50 71.24 24.87 50.75 88.15 13.33 7.99 5.10 4.50

VRI 2 20.70 115.22* 38.10* 62.75 96.82* 20.71* 13.12* 5.80 3.20

GPBD 4 16.40 55.20 23.21 95.90* 90.39 8.64 8.29 2.80* 2.60

Grand mean 20.76 82.56 28.85 65.62 91.23 15.38 10.00 4.53 3.01

SE 1.96 9.15 2.25 6.90 2.41 2.27 1.29 0.53 0.37

*Significant @ 5% level of probability
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Table 2 Estimates of genetic variability parameters in F3 populations of groundnut

Character Cross Mean PCV (%) GCV (%) h2 (BS) (%) GAM (%) Skewness Kurtosis

Number of pods per plant C1 27.50* 55.34 48.05 86.83 48.45 0.49 0.65

C2 11.70 57.68 19.10 33.11 44.45 1.00** 1.36**

C3 15.30 50.20 34.40 68.53 65.58 0.14 -1.53

C4 16.20 50.39 15.75 31.25 28.14 0.61** 0.60

100-pod weight (g) C1 77.00 22.78 18.46 81.04 10.35 -0.81** 0.53

C2 61.80 41.23 24.85 60.27 12.90 1.59** 4.87**

C3 59.90 22.07 10.72 48.57 7.85 0.22 -0.18

C4 88.20* 26.03 19.45 74.71 8.91 0.17 0.29

100-kernel weight (g) C1 27.50 20.66 13.06 63.22 21.52 -0.62* 0.26

C2 23.30 33.81 21.37 63.20 33.20 0.26 2.25**

C3 20.20 23.08 16.92 73.28 35.90 -0.01 -0.73

C4 29.90 24.61 15.67 63.67 21.73 0.44* 0.47

Shelling (%) C1 55.50 27.87 22.92 82.24 16.11 -1.83** 3.70**

C2 47.10 36.38 36.09 99.18 26.14 -1.01** -0.07

C3 53.50 26.75 9.01 33.68 6.71 0.94 -0.11

C4 55.10 26.82 25.21 94.00 18.19 -1.62** 2.04**

Sound mature kernel (%) C1 84.70 15.95 10.21 64.05 6.22 -0.71** -0.13

C2 83.20 24.59 22.57 91.81 11.27 -2.13** 5.41**

C3 88.40 15.95 3.83 23.99 2.23 -0.83 -0.47

C4 91.20 14.19 12.58 88.66 7.55 -2.52** 8.73**

Pod yield per plant (g) C1 18.60* 56.88 48.33 84.97 70.83 0.25 -0.43

C2 7.00 73.56 41.61 56.56 141.96 1.76** 5.08**

C3 8.40 53.05 41.35 77.95 139.37 0.37 -0.81

C4 13.70 82.81 64.84 78.29 107.35 5.96** 55.21**

Kernel yield per plant (g) C1 11.20* 61.74 46.02 74.55 107.29 0.44 0.18

C2 3.90 87.79 40.30 45.90 227.97 1.75** 4.85**

C3 5.00 65.63 42.57 64.87 218.33 0.36 -0.46

C4 8.20 89.77 65.41 72.87 173.07 5.51** 49.30**

LLS score C1 2.40* 28.9 25.8 79.3 47.3 0.71** -0.70

C2 4.00 35.5 19.5 30.1 22.0 0.09 -0.74

C3 5.70 26.7 - - - -0.35 -0.47

C4 6.40 33.3 28.2 71.8 49.3 -0.10 -0.90*

Rust score C1 2.70 32.8 15.3 21.8 32.8 -0.32 -0.76

C2 2.20* 45.5 42.5 87.4 81.9 0.59* 1.18*

C3 5.30 35.8 33.3 86.5 63.7 1.10 0.67

C4 5.10 35.1 28.9 67.5 48.9 -0.07 -1.08**
C1 - CO 7 × GPBD 4; C2 - TMV 2 × GPBD 4; C3 - TMV Gn 13 × GPBD 4; C4 - VRI 2 × GPBD 4
*,**Significant @ 5% and 1% level of probability, respectively.

Number of pods per plant: Two of the four crosses viz., CO
7 × GPBD 4 and TMV Gn 13 × GPBD 4 exhibited high
PCV, GCV, heritability coupled with high GAM for the trait
number of pods per plant. Similar results have been reported
by Savaliya et al. (2009), Shinde et al. (2010), Priyadharsini
(2012), Anitha (2013), John et al. (2013) and Prabhu et al.
(2015a). The crosses, TMV 2 × GPBD 4 and VRI 2 × GPBD
4 recorded high PCV and medium GCV for this trait, as

reported by Anitha (2013). Similarly, moderate heritability
and high GAM was possessed by the cross TMV 2 × GPBD
4 and VRI 2 × GPBD 4. This is similar to the findings of
Shoba et al. (2009).

100-pod weight (g): High PCV and GCV values for 100-pod
weight (g) was recorded by the cross TMV 2 × GPBD 4. Ali
et al. (2000), Ladole et al. (2009) and Prabhu et al. (2015a)
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also reported high PCV and GCV values for the trait
100-pod weight (g) in groundnut. High PCV and medium
GCV were exhibited by three crosses, CO 7 × GPBD 4,
TMV Gn 13 × GPBD 4 and VRI 2 × GPBD 4. Similar
results were reported by Anitha (2013) and John et al.
(2013). High heritability and medium GAM were recorded
by the crosses, CO 7 × GPBD 4 and TMV 2 × GPBD 4 for
100-pod weight (g). The cross VRI 2 × GPBD 4 possessed
high heritability and low GAM values whereas, the cross
TMV Gn 13 × GPBD 4 recorded moderate heritability and
low GAM values. 

100-kernel weight (g): PCV, GCV, heritability and GAM
values were higher for 100-kernel weight (g) in cross TMV
2 × GPBD 4 alone, among the four crosses under study. Such
higher estimates of PCV, GCV, heritability and genetic
advance have already been indicated by Savaliya et al.
(2009), Shoba et al. (2009), Shinde et al. (2010), Hiremath
et al. (2011), Padmaja et al. (2013a), Padmaja et al. (2013b),
Thirumala et al. (2014) and Prabhu et al. (2015a). The
crosses viz., CO 7 × GPBD 4, TMV Gn 13 × GPBD 4 and
VRI 2 × GPBD 4 exhibited high PCV, medium GCV, high
heritability and high GAM values. Shoba et al. (2009) also
reported the same for 100-kernel weight (g) in groundnut.

Shelling (%): High PCV, GCV, heritability and GAM
values were recorded by the cross TMV 2 × GPBD 4 for the
trait shelling (%). Similar results were given by Ali et al.
(2000). The crosses, CO 7 × GPBD 4 and VRI 2 × GPBD 4
exhibited high PCV, GCV, heritability and medium GAM
values. This is in accordance with Hiremath et al. (2011),
John et al. (2013) and Thirumala et al. (2014). Similarly, the
cross TMV Gn 13 × GPBD 4 possessed high PCV, low
GCV, moderate heritability and low GAM. These
observations are in agreement with the findings of
Vishnuvardhan et al. (2012) and Padmaja et al. (2015).

Sound mature kernel (%): For sound mature kernel per
cent, high PCV and GCV values were recorded in the cross
TMV 2 × GPBD 4. Similar findings were reported by
Hiremath et al. (2011) and Prabhu et al. (2015a) for sound
mature kernel (%). Medium PCV and GCV were observed in
the cross CO 7 × GPBD 4 and VRI 2 × GPBD 4 while,
medium PCV and low GCV were recorded by TMV Gn 13
× GPBD 4. Sound mature kernel (%) in TMV Gn 13 ×
GPBD 4 exhibited medium PCV and low magnitudes of
GCV, heritability and GAM values indicating the limited
scope of selection for this trait. Similar reports were given by
John et al. (2013). The cross TMV 2 × GPBD 4 possesses
higher heritability and medium GAM for sound mature
kernel (%). These results are in accordance with John et al.
(2013). Remaining crosses viz., CO 7 × GPBD 4 and VRI 2
× GPBD 4 showed high heritability coupled with low GAM

values for this trait. Concomitant results were obtained by
Hiremath et al. (2011) and Maurya et al. (2014).

Pod yield per plant (g): All the four crosses recorded high
PCV, GCV, heritability coupled with GAM for pod yield per
plant (g) except the cross TMV 2 × GPBD 4. Higher values
for pod yield per plant (g) were earlier reported by Shinde et
al. (2010), Narasimhulu et al. (2012), Priyadharsini (2012),
Anitha (2013), John et al. (2013), Narasimhulu et al. (2013),
Thirumala et al. (2014) and Prabhu et al. (2015a). The cross
TMV 2 × GPBD 4 exhibited higher values for PCV, GCV
and GAM while, moderate value for heritability. These
findings were similar to the findings of Shoba et al. (2009).

Kernel yield per plant (g): High PCV and GCV values
coupled with high heritability and GAM were exhibited by
the entire cross derivatives for kernel yield per plant (g),
except for the cross TMV 2 × GPBD 4. Concomitant results
have been reported by Savaliya et al. (2009), Dolma et al.
(2010), Shinde et al. (2010), Narasimhulu et al. (2012),
Priyadharsini (2012), Anitha (2013), John et al. (2013),
Narasimhulu et al. (2013), Thirumala et al. (2014) and
Prabhu et al. (2015a) for the trait kernel yield per plant (g) in
groundnut. Similarly, moderate heritability coupled with high
GAM values were recorded by the cross TMV 2 × GPBD
4.Shoba et al. (2009) also reported similar kind of results.

Late leaf spot score: All the cross derivatives showed higher
PCV and GCV values except TMV 2 × GPBD 4 and TMV
Gn 13 × GPBD 4 which showed medium and low GCV
respectively for late leaf spot. High PCV and GCV values
were noticed earlier by Dolma et al. (2010), Narasimhulu et
al. (2013), Padmaja et al. (2013a), Ashish et al. (2014) and
medium/low GCV values by Vishnuvardhan et al. (2012) and
Padmaja et al. (2013 b). High heritability coupled with high
GAM for the trait late leaf spot were recorded in two of the
cross combinations viz., CO 7 × GPBD 4 and VRI 2 × GPBD
4. Dolma et al. (2010), Vishnuvardhan et al. (2012),
Narasimhulu et al. (2013), Padmaja et al. (2013a), Padmaja
et al. (2013b) and Ashish et al. (2014) reported the same for
late leaf spot score. The remaining crosses, TMV 2 × GPBD
4 and TMV Gn 13 × GPBD 4 possessed high PCV, low to
medium GCV, heritability and GAM values. This results are
in accordance with Prabhu et al. (2015 a).

Rust score: Rust score exhibited high PCV, GCV,
heritability coupled with high GAM for all the four crosses
in F3 generation except CO 7 × GPBD 4. Similar results were
reported by Narasimhulu et al. (2013), Ashish et al. (2014),
Shridevi et al. (2014) and Prabhu et al. (2015 a). In CO 7 ×
GPBD 4, the trait rust score registered high PCV and high
GAM values while, the GCV and heritability recorded
medium and low values, respectively. Medium/low value
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results are in accordance with John et al. (2008) and
Vishnuvardhan et al. (2012). 

Population distribution

Skewness and kurtosis reflects the nature of variability
existing in a genetic population under study. The frequency
distribution was studied for the quantitative traits under third
and fourth order statistics viz., skewness and kurtosis. 

Skewness: Skewness characterizes the degree of asymmetry
in the population. A positively skewed distribution indicates
that the individuals of the population bunched up towards the
lower mean values whereas, negatively skewed distribution
exhibits that the individuals are clustered towards higher
mean values. In the present investigation, significant and
positive skewness was observed in the cross CO 7 × GPBD
4 (late leaf spot), TMV 2 × GPBD 4 [number of pods per
plant, 100-pod weight (g), pod yield per plant (g), kernel
yield per plant (g) and rust score] and VRI 2 × GPBD 4
[number of pods/plant, 100-kernel weight (g), pod yield per
plant (g) and kernel yield per plant (g)]. Similarly, significant
and negative skewness were exhibited for 100-pod weight
(g), 100-kernel weight (g), shelling (%) and sound mature
kernel (%) in the cross CO 7 × GPBD 4 whereas, the cross
TMV 2 × GPBD 4 and VRI 2 × GPBD 4 possessed for
shelling (%) and sound mature kernel (%). No significant
skewness was noticed for remaining traits in all the four
crosses. The results are in accordance with Prabhu et al.
(2015 b).

Kurtosis: Similarly, kurtosis characterizes the relative peak
size and flatness of a population distribution compared to
normal distribution (Balanda and MacGillivray, 1988).
Positive kurtosis indicates leptokurtic distribution, negative
kurtosis indicates platykurtic distribution and zero value
indicates normal or mesokurtic distribution (Pearson,

1929).Leptokurtosis were registered in the cross CO 7 ×
GPBD 4 for the trait shelling (%) whereas, the cross CO 7 ×
COG 0437 exhibited the same for number of pods/plant,
100-pod weight (g), 100-kernel weight (g), sound mature
kernel (%), pod yield per plant (g), kernel yield per plant (g)
and rust disease score indicating the presence of narrow
variability for the particular trait. Hence selection cannot be
made for these traits Anitha (2013). Similarly, the cross VRI
2 × GPBD 4, recorded leptokurtic nature for the traits viz.,
shelling (%), sound mature kernel (%), pod yield per plant
(g) and kernel yield per plant (g). Platykurtosis was
possessed by the traits late leaf spot score and rust score in
the cross VRI 2 × GPBD 4 while, mesokurtic nature of
distribution was observed for the remaining traits in all the
four crosses. Hence, directional selection will effectively
improve the meanperformance of these traits.

In any breeding programme, mean performance is one of
the basic selection criteria for categorizing of superior
performing progenies and eliminating undesirable
genotypes/crosses. High GCV values indicate the greater
extent of variability present in the character and can be
improved through selection. Heritability and genetic advance
are useful tools for breeders in determining the direction and
magnitude of selection. A relative comparison of heritability
estimates and expected GAM will give an idea about the
nature of gene action governing a particular trait. High value
of heritability together with high genetic advance for any
character indicates additive gene action and selection will be
rewarding for improvement of such traits whereas, high
heritability associated with low genetic advance might
attribute to the presence of non-additive gene action which
indicates dominance/epistasis and their response to selection
would be poor. An insight into the nature and degree of
distribution present in population is of utmost importance as
it forms the basis for selection in any crop improvement
programme (Table 3).

Table 3 Selection indices for yield and yield attributes in F3 populations of groundnut

Characters Superior mean Gene effects Skewness Kurtosis Selection

Number of pods per plant CO 7 × GPBD 4 Additive Symmetric Mesokurtosis T

100-pod weight (g) VRI 2 × GPBD 4 Non additive Symmetric Mesokurtosis X

Pod yield per plant (g) CO 7 × GPBD 4 Additive Symmetric Mesokurtosis T

Kernel yield per plant (g) CO 7 × GPBD 4 Additive Symmetric Mesokurtosis T

Late leaf spot score CO 7 × GPBD 4 Additive Positive Mesokurtosis T

Rust score TMV 2 × GPBD 4 Additive Positive Leptokurtosis T

Considering the mean performance, the cross derivative
CO 7 × GPBD 4 registered superiority for the characters viz.,
number of pods/plant, pod yield per plant (g), kernel yield
per plant (g) and late leaf spot resistance. Apart from these
characters, the cross VRI 2 × GPBD 4 [100-pod weight (g)]

and TMV 2 × GPBD 4 (rust score) also showed higher mean
performance. High percentage of PCV, GCV, heritability
coupled with high GAM values were recorded by number of
pods per plant (CO 7 × GPBD 4 and TMV Gn 13 × GPBD
4), 100-kernel weight (g) and shelling (%) (TMV 2 × GPBD
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4), pod yield per plant (g) and kernel yield per plant (g) (CO
7 × GPBD 4, TMV Gn 13 × GPBD 4 and VRI 2 × GPBD 4),
late leaf spot score (CO 7 × GPBD 4 and VRI 2 × GPBD 4)
and rust score (TMV 2 × GPBD 4, TMV Gn 13 × GPBD 4
and VRI 2 × GPBD 4). Hence, selection would be effective
for these traits in respective crosses to obtain promising
progenies.

Regarding the population distribution, negative skewness
was observed in the cross CO 7 × GPBD 4 for 100-pod
weight (g), 100-kernel weight (g), shelling (%) and sound
mature kernel (%). The trait shelling (%) and sound mature
kernel (%) also recorded negative skewness for the cross
TMV 2 × GPBD 4 and VRI 2 × GPBD 4. Similarly,
platykurtosis was observed forlate leaf spot and rust disease
scoresin VRI 2 × GPBD 4. Symmetric distribution /
mesokurtic nature was noticed in most of the traits
understudy. Thereby, directional selection will effectively
improve the mean performance of these traits. Hence, based
on mean performance and various genetic parameters, the
cross CO 7 × GPBD 4 is considered as superior for number
of per plant, pod yield per plant (g), kernel yield per plant (g)
and late leaf spot resistance in groundnut.
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Influence of phosphorus application on seed yield, quality and phosphorus
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ABSTRACT

A field experiment was conducted during rabi 2012-13 at the Punjab Agricultural University, Ludhiana on low
P soil to study the response of Indian mustard [Brassica juncea (L.) Czern and Coss] cultivars to applied
phosphorus. Application of phosphorus up to 15 kg/ha of P2O5 significantly increased the concentration and uptake
of P in plants at all the growth stages, in seed and stover at harvest, and seed yield, oil content, oil yield and protein
yield whereas similar increase with application of 30 over 15 kg/ha of P2O5 was significant for P concentration in
seed and stover, P uptake at 90 and 120 DAS, stover and total P uptake (seed+ stover) and oil content. Seed yield
(1766 kg/ha), oil yield (625 kg/ha) and protein yield (291 kg/ha) produced with application of 30 kg/ha of P2O5 was
9.9, 11.2 and 8.9 per cent, respectively more than that produced without application of phosphorus. Among cultivars,
NRCHB 601 has significantly out performed all other cultivars for P concentration and uptake, seed-, oil- and
protein-yield. Total P uptake at maturity by NRCHB 601 (21.52 kg/ha) was significantly more (18.8-54.8%) than
rest of the cultivars. Cultivar NRCDR 2 contained significantly higher oil content (40.2%) than rest of the test
cultivars, but, its oil yield was significantly lower than that of NRCHB 601.

Keywords: Brassica juncea, Cultivars, Oil, Phosphorus, Protein, Uptake, Yield

Phosphorus (P) is involved in carbohydrate metabolism,
glycolysis, energy transfer, photosynthesis, respiration, redox
reactions, protein activation, carbon allocation, division and
enlargement of meristematic cells in plants (Marschner,
1995; Brady and Weil, 2002). Its low mobility and fixation
in soils make it one of the least available mineral nutrients
required by plants resulting in its deficiency in crop fields all
over the world (Vance et al., 2003; Lynch, 2007). In India,
about 50% soils are low and 40% medium in available P
(Muralidharudu et al., 2011). In Indian Punjab, about 68%
soils have been reported low to medium in available
phosphorus (Benbi et al., 2011). 

Phosphorus availability to winter crops is limited due to
low temperature and lack of adequate moisture for P uptake
and solubilisation of fixed forms of P in the semi-arid region
of the country. Bolland and Gilkes (1998) reported that only
10-20 per cent of the applied phosphorus was directly used
by the crop and even lower amount was availed by the
succeeding crops in rotation. Application of P is expensive
because almost entire amount of phosphatic fertilizers used
in India is imported. Genetic improvement of P nutrition
traits in crops is considered to be more economical and
sustainable than application of P fertilizers alone (Vance et
al., 2003; Yan, 2005). High P fixation and low P uptake rate
make it imperative to exploit P efficient cultivars to reduce
fertilizer requirements and sustain productivity on low P soils
(Fageria et al., 2008). Rapeseed-mustard group of crops are
--------------------------------------------------------------------------- 
*E-mail: virsardana@pau.edu; 1Oilseeds Section, Department of Plant
Breeding and Genetics,  PAU, Ludhiana-141 004, Punjab

next to soybean in terms of area and production and rank first
in terms of vegetable oil supply in India. Indian mustard
[Brassica juncea (L.) Czern & Coss] with a share of about 80
per cent in area and production is the most important among
different rapeseed-mustard crops in the country (Bannor and
Mathur, 2015; Singh et al., 2016). Rapeseed-mustard group
of crops have relatively high P requirement. Keeping in view
the important role of Indian mustard in vegetable oil
economy and high cost and poor efficiency of applied P, the
present study was carried out to find out the P efficient
cultivars. 

MATERIALS AND METHODS

The field experiment was conducted during rabi 2012-13
at research farm of Oilseeds Section, Department of Plant
Breeding and Genetics, Punjab Agricultural University,
Ludhiana (30° 56' N latitude, 75° 48' E longitude, 247 metre
above the mean sea level). The soil of experimental field was
loamy sand in texture, free from salts (EC 0.10, 0.08 dS/m),
slightly alkaline in reaction (pH 7.8, 8.2) with low organic
carbon content (0.37%, 0.17%), low in available nitrogen
(245, 140 kg/ha), low in Olsen's available phosphorus (11.7,
11.7 kg/ha) and rich in NaHCO3 extractable potassium (165,
215 kg/ha) at 0-15 and 15-30 cm soil depth, respectively. 

Treatments comprising three doses of phosphorus (0, 15
and 30 kg P2O5/ha) in the main plots and 14 genotypes of
Indian mustard (RLC 1, PBR 210, PBR 91, RLM 619, RL
1359, PBR 357, ELM 123, NRCDR 2, NRCHB 601, Pusa
Bold, Varuna, MLM 19, NPJ 79 and PLM 2) in the sub plots
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were replicated thrice. The test genotypes were sown on 5th 
November, 2012 in a plot each measuring 18.0 m2 (3.0 m x
6.0 m) and were harvested on 8th April, 2013. All other
recommended agronomic practices were followed. The net
plot size was 9.0 m2 (1.8 m x 5.0 m).

Phosphorus as per treatments was applied through single
super phosphate (16% P2O5) at the time of sowing. Nitrogen
@ 50 kg/ha in the form of urea (46% N) and potassium @ 15
kg/ha through muriate of potash (60% K2O) were applied at
time of field preparation for sowing. Another dose of urea to
supply 50 kg/ha of N was top dressed after first irrigation.

The plants were cut at periodic intervals from base in the
0.5 metre row length from second outer most row in each
plot, dried first under shade and later in oven at 65±2 °C till
constant weight and computed as dry matter accumulation
(DMA) in kg/ha. These dried samples were finally ground to
pass through one mm seive. For seed and stover yield, six
inner rows were separately harvested, dried and weighed for
biomass yield before threshing for seed yield.    

Phosphorus content in plant at different growth stages,
seed and stover was determined by Vanado-molybdo-
phosphoric yellow colour method (Jackson, 1967). The oil
content as well as protein content in the seed were
determined directly with NIRS (Near Infrared Reflectance
Spectroscopy) Model FOSS 6500 by using non-destructive
method of oil estimation using equation developed for
mustard samples (Alexander et al., 1967). The uptake of
phosphorus at different growth stages, by seed and stover at
harvest, protein yield and oil yield were worked out by
multiplying per cent content with respective yields.

RESULTS AND DISCUSSION

Doses of phosphorus

Content/concentration: Phosphorus (P) concentration in
plants decreased consistently with advancement of age of the
crop up to 120 DAS (Table 1). But, it increased with the
application of P up to 30 kg/ha of P2O5 irrespective of crop
growth stages. Though such an increase was significant up to
15 kg/ha of P2O5 from 30 DAS to 120 DAS, whereas at
maturity, significant increase in seed as well as stover P
concentration was discerned up to 30 kg/ha of P2O5. Kumar
and Yadav (2007) and Deo and Khandelwal (2009) reported
significant increase in P concentration in plant with increase
in its dose.

The oil content increased consistently and significantly
with each increasing dose of P up to 30 kg/ha of P2O5 (Table
1). Tyagi and Rana (1992) and Lickfett et al. (1999) also
reported similar positive effect of P application on oil
content. Phosphorus in a constituent of phospholipids,
therefore its increasing application increases oil (fat) content.
Since phosphorus was applied through single super
phosphate which also contains sulphur which is involved in
oil synthesis, higher dose of phosphorus indirectly increased

availability of sulphur for oil synthesis. However, there was
no marked influence of P application on seed protein content.
This might be due to use of P mainly to meet the
requirements of plant biomass build up and seed formation
as the DMA and seed yield increased with P application, thus
leaving relatively lesser amount for protein synthesis. Patel
and Shelke (1998) and Hocking et al. (2003) observed that
higher levels of phosphorus application did not affect seed
protein content.

Uptake and yields: There was consistent increase in P
uptake with advancing age of the crop up to maturity (Table
2). It increased from 0.19 kg/ha of P2O5 at 30 DAS to 1.56
kg/ha at 60 DAS to 6.84 kg at 90 DAS to 7.53 kg/ha at 120
DAS. Application of 30 kg/ha of P2O5 resulted in higher P
uptake compared to lower levels at all growth stages (Table
2). Application of 15 kg/ha of P2O5 resulted in significantly
higher P uptake than control at all growth stage up to
maturity, whereas application of 30 kg/ha of P2O5 resulted in
significantly higher P uptake than 15 kg/ha of P2O5 at 90 and
120 DAS, in stover as well as total P uptake (seed + stover)
at maturity. Thus application of 30 kg/ha of P2O5 resulted in
14.2 per cent more total phosphorus uptake (seed + stover)
than that obtained with 15 kg/ha of P2O5 which in turn
removed 28.9 per cent more phosphorus over control (13.18
kg/ha). Reddy and Sinha (1988) obtained significant increase
in phosphorus uptake in Indian mustard with P application up
to 30 kg/ha of P2O5.

Application of P increased the seed, oil and protein yields
up to 30 kg/ha of P2O5 and such an increase with 15 kg/ha of
P2O5 over control was significant (Table 2). Seed yield
produced with application of 30 kg/ha of P2O5 (1766 kg/ha)
was 9.9 and 2.5 per cent more than that obtained with control
and 15 kg/ha of P2O5, respectively whereas application of 15
kg/ha of P2O5 increased the seed yield (1723 kg/ha) over
control by 7.2 per cent. Application of 30 and 15 kg/ha of
P2O5 increased oil yield over control (625 kg/ha) by 11.2 and
7.8 per cent, respectively and protein yield over control (291
kg/ha) by 8.9 and 7.5 per cent, respectively. Higher yield
with successive phosphorus doses may be ascribed to higher
DMA, more number of siliquae per plant, seeds per siliqua
and 1000-seed weight (Chouksey et al., 2016). Similar
positive and significant relationship between seed yield and
components of yield such as number of siliquae per plant,
number of seeds per siliqua, 1000-seed weight, DMA have
also been reported by Mir et al. (2010). The increase in oil
yield accrued from increase in seed yield and oil content with
increasing dose of phosphorus whereas, the protein yield
increased mainly due to significant improvement in seed
yield with phosphorus application.

Cultivars

Content/concentration: Significant differences were
recorded among cultivars for P concentration at all the
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growth stages including seed and stover at maturity (Table
1). Cultivars NRCHB 601 contained highest P concentration
at all growth stages. Phosphorus concentration in NRCHB
601 at 30 DAS (0.34%) was significantly higher than rest of
cultivars whereas at all other growth stages including seed
and stover at maturity, it was on par with RLC 1. Cultivar
NRCHB 601 also recorded statistically similar P
concentration with that of Pusa Bold at 60, 90 and 120 DAS
and stover at maturity, and with RL 1359 at 90 and 120
DAS. Cultivar NPJ 79 registered the lowest P concentration
at 30, 60 and 90 DAS and in seed at maturity, whereas PLM
2 at 120 DAS and MLM 19 in stover at maturity registered
the lowest P concentration. Aziz et al. (2006), Kumar and
Yadav (2007), Siddiqui et al. (2008) and Duan et al. (2009)
also reported differences in shoot phosphorus concentration
among Brassica cultivars. Such differential in Brassica
cultivars may be ascribed to their genetic variation for
phosphorus acquisition. 

Cultivar NRCDR 2 registered significantly higher oil
content (40.2%) than rest of the test cultivars (Table 1).
Cultivar NRCDR 2 also registered the highest seed protein
content (18.9%) and was at par with Varuna, PBR 210,
NRCHB 601, RLM 619, Pusa Bold and RL 1359. Whereas
low erucic acid containing cultivars, ELM 123 (37.5%,
16.4%) and RLC 1 (37.7%, 16.9%) registered significantly
lower seed oil and seed protein content than all other
cultivars. Earlier Rana and Pachauri (2001) and Kumar and

Yadav (2007) reported significant variation in oil content
while Kundu and Dhaka (1996) documented significant
differences in seed protein content among Indian mustard
cultivars. 

Uptake and yields: Differences in P uptake among cultivars
were significant at all crop growth stages (Table 2). Cultivar
NRCHB 601 registered significantly higher uptake of P at all
growth stages than rest of cultivars whereas, NPJ 79, MLM
19 and ELM 123 registered lower P uptake than all other
cultivars at different growth stages, seed and stover at
maturity. The highest total (seed + straw) P uptake (21.52)
registered by NRCHB 601 was significantly higher than rest
of the cultivars with increase ranging from 3.4 kg/ha (18.8%)
over RLC 1 to 7.62 kg/ha (54.8%) over MLM 19. Lowest
total phosphorus uptake was recorded by MLM 19 (13.9
kg/ha) which was at par with NPJ 79 (14.73 kg/ha) and
significantly lower than all other cultivars. Observed
differences in P uptake were mainly due to similar
differences in DMA at different growth stages, seed and
stover yields at maturity in different cultivars. Genotypes
NRCHB 601 also attained highest P content in seed and
stover than rest of the genotypes (Table 1). Genetic
variations for phosphorus acquisition, uptake and utilization
have been reported in oilseed Brassica by Akhtar et al.
(2006) and Aziz et al. (2011). 

Table 1 Effect of phosphorus application and cultivars of Indian mustard on phosphorus content at 
different growth stages, seed oil content and seed protein content

Treatment
Phosphorus content (%)

Oil content (%)
Seed protein
content (%)

Days after sowing Maturity
30 60 90 120 Seed Stover

Doses of phosphorus (kg P2O5/ha)
0 0.23 0.16 0.10 0.08 0.57 0.07 38.9 18.1
15 0.29 0.19 0.12 0.11 0.62 0.10 39.1 18.1
30 0.30 0.20 0.13 0.12 0.65 0.12 39.3 17.9
SEm± 0.011 0.004 0.004 0.004 0.007 0.003 0.003 -
LSD (p=0.05) 0.03 0.01 0.01 0.01 0.02 0.01 0.1 NS
Cultivars
RLC 1 0.30 0.20 0.13 0.11 0.66 0.11 37.7 16.9
PBR 210 0.26 0.18 0.11 0.10 0.61 0.08 39.1 18.6
PBR 91 0.27 0.18 0.12 0.10 0.62 0.09 39.7 18.3
RLM 619 0.28 0.18 0.12 0.10 0.59 0.12 39.6 18.6
RL 1359 0.29 0.19 0.13 0.11 0.60 0.09 39.6 18.5
PBR 357 0.27 0.18 0.12 0.10 0.59 0.09 39.1 18.2
ELM 123 0.26 0.17 0.11 0.09 0.63 0.09 37.5 16.4
NRCDR 2 0.25 0.17 0.11 0.10 0.60 0.11 40.2 18.9
NRCHB 601 0.34 0.22 0.15 0.12 0.67 0.12 39.6 18.6
Pusa Bold 0.30 0.20 0.13 0.11 0.64 0.10 39.5 18.5
Varuna 0.27 0.18 0.12 0.10 0.59 0.10 39.2 18.7
MLM 19 0.23 0.16 0.10 0.10 0.59 0.08 38.5 17.4
NPJ 79 0.22 0.16 0.10 0.10 0.57 0.10 39.6 17.7
PLM 2 0.26 0.17 0.11 0.09 0.61 0.10 39.0 17.4
SEm± 0.015 0.010 0.010 0.005 0.005 0.015 0.20 0.25
LSD (P=0.05) 0.03 0.02 0.02 0.01 0.01 0.03 0.40 0.5
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Cultivar NRCHB 601 produced the highest seed yield (1907
kg/ha) which was significantly higher (6.3-30.4%) than all other
test genotypes (Table 2). Similarly NRCHB also 601 produced
significantly higher oil yield (755 kg/ha) and protein yield (354
kg/ha) than all other cultivars except Pusa Bold (709 kg/ha, 332
kg/ha, respectively) with increases ranging from 6.5 to 30.4 per
cent in case of oil yield and 6.6 to 36.7 per cent in case of protein
yield than rest of the cultivars. The seed-, oil- and protein-yield
produced by NPJ 79 (1462, 579 and 259 kg/ha, respectively) were
at par with MLM 19 (1534, 590, 266 kg/ha, respectively) and with
ELM 123 (278 kg/ha) only for protein yield and significantly lower
than rest of the cultivars for seed-, oil- and protein- yield. The
highest seed yield produced by NRCHB 601 may be mainly due to
more number of siliquae per plant and number of seeds per siliqua
than other cultivars (Chouksey et al., 2016). Similarly lower yields
by MLM 19 and NPJ 79 were due to their significantly lesser

number of branches per plant, lower number of seeds per siliqua
and 1000-seed weight than rest of the cultivars. Yadav and Yadav
(2005) and Rana and Pachauri (2001) reported similar differences
among Indian mustard cultivars for seed yield. Differences in
phosphorus uptake at different growth stages, in seed and stover,
and oil yield and protein yield among cultivars were mainly due to
similar differences in DMA at different growth stages and seed
yield with NRCHB 601 showing distinct superiority over other
cultivars for these traits.

Thus, P concentration and P uptake in plants at different growth
stages, seed yield, oil content and oil yield and protein yield
increased with application of phosphorus up to the highest test dose
of 30 kg/ha of P2O5. Among cultivars, NRCHB 601 out performed
all other cultivars for P concentration and uptake, seed-, oil- and
protein-yield. Cultivar NRCDR 2 registered significantly higher oil
content (40.2%) than rest of the test cultivars. 

Table 2 Effect of phosphorus application and cultivars of Indian mustard on phosphorus uptake at
different growth stages, seed yield, oil yield and protein yield

Treatment

Phosphorus uptake (kg/ha)

Seed yield
(kg/ha)

Oil yield
(kg/ha)

Seed protein
yield (kg/ha)

Days after sowing Maturity

30 60 90 120 Seed Stover
Seed +
Stover

Doses of phosphorus (kg P2O5/ha)

0 0.14 1.12 5.29 5.35 9.18 4.00 13.18 1607 625 291

15 0.20 1.65 7.11 8.03 10.72 6.27 16.99 1723 674 313

30 0.23 1.89 8.12 9.23 11.52 7.89 19.41 1766 695 317

SEm± 0.01 0.12 0.29 0.34 0.35 0.21 0.52 27.0 10.1 6.12

LSD (p=0.05) 0.03 0.32 0.80 0.96 0.98 0.59 1.45 75 28 17

Cultivars

RLC 1 0.20 1.66 7.30 7.55 11.43 6.69 18.12 1728 652 291

PBR 210 0.18 1.63 6.57 7.40 10.78 5.17 15.95 1767 690 328

PBR 91 0.19 1.47 7.01 6.98 10.31 5.01 15.32 1663 660 304

RLM 619 0.21 1.52 7.19 7.24 10.27 7.48 17.75 1741 690 324

RL 1359 0.20 1.55 7.31 7.94 10.46 5.52 15.98 1743 691 323

PBR 357 0.19 1.56 7.12 7.12 10.18 5.75 15.93 1724 674 315

ELM 123 0.17 1.31 6.23 6.28 10.67 5.03 15.70 1694 635 278

NRCDR 2 0.18 1.33 6.34 7.07 9.90 6.64 16.54 1650 664 311

NRCHB 601 0.25 2.04 9.09 9.63 12.78 8.74 21.52 1907 755 354

Pusa Bold 0.20 1.61 7.49 8.05 11.48 5.99 17.47 1793 709 332

Varuna 0.19 1.51 6.93 6.74 9.81 5.68 15.49 1663 653 310

MLM 19 0.15 1.24 5.50 7.10 9.05 4.85 13.90 1534 590 266

NPJ 79 0.14 1.33 5.96 7.36 8.33 6.40 14.73 1462 579 259

PLM 2 0.20 1.58 6.59 6.92 10.44 6.69 17.13 1711 668 298

SEm± 0.015 0.13 0.47 0.60 0.54 0.69 0.78 55.6 23.0 11.0

LSD (P=0.05) 0.03 0.26 0.95 1.20 1.08 1.38 1.55 111 46 22
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ABSTRACT

Adverse health effects from the consumption of trans fatty acids (TFA) have led to efforts to decrease the
consumption of foods containing these lipids. There is a need for up to date information on TFA levels in foods to
support decision-making by regulators on labelling and health claims. In this context, the present study provides
detailed information about the fatty acid profile with special reference to TFA of selected branded and unbranded
Indian processed foods. Products were analysed for fatty acid composition by using GC. Results showed that the
amount of TFA, SFA, MUFA and PUFA varied considerably among the analyzed samples. Among the products
analyzed, vanaspati showed highest fat content, chocos showed highest SFA content (82%), boondi showed highest
UFA content (74%) and cake showed highest TFA. The major trans forms in all samples were elaidic acid and
linolelaidic acid (C18:2, trans-6). Vaccenic acid was detected only in health drinks (0.33%). Six out of 15 product
labels were misrepresenting the TFA content. Stringent regulations are required for reducing TFA content of
commonly consumed foods in India.

Keywords: Branded and unbranded processed foods, Fatty acid composition, Trans fatty acids

Trans fatty acids (TFA) by definition are geometric
isomers of monounsaturated and polyunsaturated fatty acids
having at least one carbon-carbon double bond with
hydrogen on opposite sides of the double bond (trans
configuration). There are two major sources of TFAs, those
that occur naturally at low levels in ruminant fats and those
that are formed during the production of partially
hydrogenated vegetable oils at high levels (Phillips et al.,
2010). In addition to industrial hydrogenation, TFA can also
be produced by heating oils above 180°C (Wolff, 1994) and
frying of oils at high temperatures.

The major TFA formed by partial hydrogenation of
vegetable oils, derived from oleic acid is elaidic acid,
whereas the main TFA resulting from rumen
bio-hydrogenation is vaccenic acid (Tardy et al., 2011) and
also palmitelaidic acid (C16:1 Î9t or 16:1 trans-9) from
other ruminant fats (Mozaffarian and Cao, 2010). TFA
isomers differ between the industrial TFA (I-TFA) and
ruminant TFA (R-TFA) with elaidic acid (t9-C18:1)
predominant in I-TFA and vaccenic acid (t11-C18:1)
predominant in R-TFA (Scientific Advisory Committee on
Nutrition, 2007). 

The World Health Organization (WHO) predicted that
coronary heart disease (CHD) will remain as the third killer
of the world in the coming decades (Mackay and Mensah,
2004). Consumption of TFA predicts higher risk of coronary
heart disease and possibly diabetes mellitus (Mozaffarian et
al., 2006). Major dietary sources of TFA include bakery
products, fast foods, meat, deep fried and frozen foods,

packaged snacks, margarines and partially hydrogenated fats
directly used for cooking and also ruminant derived foods
(dairy products and meat) (Micha and Mozaffarian, 2008).
TFA can be formed during heating of unsaturated fatty acids.
Thus, frying foods in vegetable oils can lead to the formation
of TFA even if no such fatty acids are introduced into the oil
prior to cooking. Typically 0.2-1% of total fat may be
converted to TFA when vegetable oils are used for deep
frying over long periods (Health Canada, 2006). TFA have
been taken up by the commercial food industry as an
ingredient that can reduce costs, enhance attractiveness,
texture to baked goods, shelf-life and reduce refrigeration
requirements. WHO recommended a TFA intake of less than
2.2 g/day (1% of overall energy intake) in 2003 (WHO,
2003). Food regulation worldwide has been amended with
respect to nutrition labelling and health claims on TFA. As
a result, mandatory nutrition labelling of TFA came into
effect in many countries such as Korea, United States,
Canada and Denmark. Prevention of Food Adulteration Act
of India, 1955 require that the foods in which hydrogenated
vegetable fats or bakery shortening is used shall declare on
the label that "Hydrogenated vegetable fats or bakery
shortening used contains trans fats" and a health claim of
'trans fat free' may be made where the TFA is less than 0.2 g
per serving of food. According to latest recommendations,
TFA in oil should not exceed 2%. However, the laboratory
tests conducted by a Delhi based Centre for science and
environment (CSE) found TFA levels to be as high as 23%
in some vanaspati brands liberally consumed in India (Dhaka
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et al., 2011). The present study was designed to determine
the fatty acid profile of processed foods (labelled as well as
un-labelled products) that are commonly available in Indian
market with special reference to TFA and to check whether
the claims made on labels of processed foods are genuine.
This study also provides valuable information which can be
utilized for laying down regulations and also highlights the
necessity of bringing regulation on un-labelled products. 

MATERIALS AND METHODS

Samples for study:  A total of 30 food items were selected,
and among these, 15 were branded which include cooking
butter, vanaspathi (hydrogenated fat), fat spread, brown
bread (brand 4), brown bread (brand 5), crispy snack, cake,
potato chips, chocos, health drink, noodles, soup mix, Alu
bhujia, biscuits and choco cream biscuits. Fifteen unbranded
samples included samosa, jalebi (traditional Indian deep fried
sweet made of refined wheat flour), bun (local), namak para
(traditional crispy deep fried snack made of refined wheat
flour, semolina, ghee), biscuits, boondi (water droplet sized
deep fried crispy Indian snack prepared from gram flour),
chegodi (rice flour rings - a traditional south Indian savoury
snack), potato chips, muruku (crunchy deep fried Indian
savoury snack), gulab jamun, pizza bread, vegetable curry
puff, ragi biscuit, trans-esterified fat and cake which were
commonly consumed by people, that might contain a high
TFA content. Processed food samples were procured from
the super markets, local bakeries and other retail agents in
Hyderabad, India, which were selected through market
survey. 

Total fat and fatty acid analysis: The moisture content of
samples was analysed by following standard procedure of IS
1155:1968, reaffirmed, (2010) using hot air oven. Total fat
was analysed by Gerhardt soxtherm fat analyser by the
method described by AOAC (2003.06, 19th Edition). Fatty
acids were analysed by AOAC (2001. 996.06). The isolated
fat was trans-esterified using 0.5 M methonolic KOH to form
fatty acid methyl esters (FAME). Fatty acids were estimated
by GC, 7890B of Agilent Technologies with 7693 Auto
sampler, equipped with flame ionization detector and split
injector. Injector temperature was at 260°C and samples
were injected (1 µl) with split ratio of 10:1 by the auto
sampler. Carrier gas (Nitrogen) flow rate was 30 ml/min.
Column used was Agilent-DB-FFAP, a nitroterephthalic-
acid-modified polyethylene glycol (PEG) of high polarity for
the analysis of volatile fatty acids, with the length 30m x 250
µm, diameter 0.25mm, film thickness of 0.25µm. The
temperature program was at set with the initial temperature
of 100°C, hold time, 5 min, rising at an increasing rate  to
240°C at the rate of 4°C /min and held for 5 min. Total run
time was 45 min. Nitrogen was used as carrier gas at a
column flow rate of 1.0 ml/min.  Detector temperature was

at 280°C. EZ Total Chrome software was used for running
the GC and calculation of fatty acid composition. FID
Hydrogen gas flow rate was 30 ml/min. Zero air flow was
300 ml/min and make up flow was 25 ml/min. The fatty acid
content was measured based on area normalization.

Standards used were 47885-U Supelco® 37 Component
FAME Mix, 10 mg/mL in methylene chloride. For individual
trans-fatty acids standards, Supelco trans-9-Eliadic methyl
ester, 10 mg/ml in heptane, trans-9, 12-Octadecadienoic
(linoleliadic) methyl ester and trans-11-Vaccenic methyl
ester, were used. After injecting the 37-FAME standard,
individual trans-fatty acid methyl ester standards were also
injected and the retention times were compared under
standard conditions described above to ascertain that the
individual standard peaks were coinciding exactly with the
peaks in the combined standard. Samples were processed and
injected as standards. Sample fatty acid composition was
compared with standard fatty acid composition and
percentages calculated by normalization of peak areas.

RESULTS AND DISCUSSION

Branded and unbranded products including biscuits,
bread, bun, puffs, samosa, health drink, soup mix, noodles,
and some traditional foods were analyzed for total fat, trans
fat and complete fatty acid composition. Among the total
food products 15 were branded and 15 were unbranded
samples. 

Total fat content of branded and unbranded food
products: The total fat (g/100 g food) contents of 15
branded and 15 unbranded samples are given in the Table 3
and 4, respectively. Total fat content in the branded samples
analyzed was in the order: Vanaspathi > cooking butter > fat
spread > crispy snack > potato chips > cake > Alu bhujia >
choco cream biscuit > biscuit > soup mix > chocos > brown
bread (brand 4) > brown bread (brand 5) > health drink >
noodles. The total fat content in the unbranded samples was
in the order: trans-esterified fat > boondi >  biscuits > namak
para > potato chips > muruku > chegodi > samosa > cake >
vegetable curry puff > ragi Biscuit > jalebi > gulab jamun >
pizza bread > bun (local). The type of fatty acids present in
any food product will attain significance with respect to
health implications, only if the total fat content is higher. The
higher the fat content, intakes will be more, and
simultaneously, the presence of unhealthy fatty acids like
SFA and TFA will attain significance with respect to
pre-disposing to heart diseases. Foods that are high in trans
or saturated fatty acids are associated with an increased risk
of cardiovascular disease and diabetes (Mozaffarian et al.,
2006).
Saturated fatty acid content of branded and unbranded
food products: Tables 1 and 3 shows saturated fatty acid
content of branded food items. The SFA content of the 15
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food products in the branded category ranged from 37.6% to
82.07%. The highest amount of saturated fat (82.07%) in
branded samples was found in chocos while it was lowest
(37.62%) in soup mix. The predominant fatty acids present
in these items which had high fat content as well as high SFA
was palmitic acid, which ranged from 37.2 to 55.3%. Stearic
acid (C18:0) was the second dominant saturated fatty acid
present in all food samples. The highest amount of stearic
acid was found in cooking butter (17.9%) while it was lowest
in soup mix (1.18%). Other SFA like butyric acid (C4:0),
caprylic acid (C6:0), capric acid (C10:0), lauric acid (C12:0),
myristic acid (C14:0), arachidic acid (C20:0) and behenic
acid (C22:0) were also determined in lower concentrations in
other foods.

Tables 2 and 4 shows saturated fatty acid content of

unbranded food items. The dominant fatty acid among the
saturated group was palmitic acid (C16:0), which ranged
from 17.8% in boondi to 40.0% in trans-esterified fat. In
unbranded food items also, palmitic acid was the
predominant fatty acid. This indicates that a greater amount
of fats rich in palmitic acid is used in food preparation or due
to repeated reuse of oil for frying. Reheating of oils increases
SFA and may be the reason for higher SFA in food samples
in the present study. Palmitic (16:0) acid content increased
with prolonged frying where as linoleic acid (18:2) and
linolenic acid (18:3) fatty acid content was decreased
(Alireza et al., 2010). Lower fatty acids of shorter chain
length were detected in almost trace amounts in these food
products, while stearic acid (18:0) was the second highest
fatty acid present in unbranded food items. 

Table 1 Fatty acid composition of branded food items 

Brand No. Sample Name

Fatty acid composition (%)

Total
fat (%)

Butyric
acid

(C4:0)

Caproic
acid

(C6: O)

Caprylic 
acid

(C8: 0)

Capric
acid

(C10: 0)

Lauric
acid

(C12:0)

Myristic
acid

(C14:0)

Myristol
eic acid
(C14:1)

Palmitic
acid

(C16:0)

Stearic
acid

(C18:0)

Oleic
acid

(C18:
1n9cis)

Elaidic
acid

(C18:
1,n9 trans)

Linoleic
acid (C18:

2n6cis)

Linolelidic
acid

(18:2,n6
Trans)

á-
Linolenic

acid
(18:3)

Arachidic
acid

(C20:0)

Behenic
acid

(C22:0)

Vaccenic
acid

(C18:1,
n11T)

Brand 1 Cooking butter 72 0.52 0.7 1.93 2.62 11.9 - 37.2 17.9 21.6 2.5 0.66 2.50 - - - -

Brand 2 Vanaspathi -

Brand 3 Fat spread 57 - 0.22 0.42 5.63 2.56 - 39.72 4.51 37.6 - 9.36 - - - - -

Brand 4 Brown bread 1.0 - - - - - - - 62.8 8.32 19.3 - 9.57 - - - - -

Brand 5 Brown bread 0.7 - - - - - 1.53 - 60.2 10.6 22.6 0.46 4.60 - - - - -

Brand 6 Crispy snack 29 - - - - 0.25 1.12 - 44.0 - 36.62 9.54 - 8.46 - - - -

Brand 7 Cake 14 - - - - 1.1 1.25 - 40.7 1.32 35.4 11.8 - 8.47 - - - -

Brand 8 Potato chips 28 - - 0.17 0.05 0.18 0.93 - 37.08 1.37 38.45 7.80 12.22 - - 0.60 - -

Brand 9 Chocos 1.5 - - 1.38 - 1.16 2.17 1.64 67.21 10.15 16.29 - - - - - - -

Brand 10 Health drink 0.24 - - - - 0.65 1.13 - 40.83 1.26 40.0 7.4 - - - - - 0.33

Brand 11 Noodles 0.2 - - - - - - - 45.0 - 17.0 - 38.4 - - - - -

Brand 12 Soup mix 2.2 - - - - 3.01 1.83 - 31.6 1.18 37.0 2.92 21.4 0.17 0.92 - - -

Brand 13 Alu Bhujia 14 - - - - 0.2 1.06 - 42.45 5.58 40.66 - 9.47 0.14 - 0.43 - -

Brand 14 Biscuits 8 - - - - 0.12 0.93 - 42.54 5.25 39.1 - 12.1 - - - - -

Brand 15
Choco cream
biscuits

14 - - - - 0.25 1.14 - 46.1 4.6 36.7 - 7.3 - - - - -

Table 2 Fatty acid composition of unbranded food items

Sample Name
Total

Fat (%)

Fatty acid composition (%)

Butyric
acid

(C4:0)

Caproic
acid 

(C6: O)

Caprylic 
acid

(C8: 0)

Capric
acid

(C10: 0)

Lauric
acid

(C12:0)

Myristic
acid

(C14:0)

Myristoleic
acid

(C14:1)

Palmitic
acid

(C16:0)

Stearic
acid

(C18:0)

Oleic acid
(C18:1
n9cis)

Elaidic
acid

(C18:1,n9
trans)

Linoleic
acid (C18:

2n6cis)

Linolelidic
acid (18:2,n6

Trans)

á-
Linolenic

acid
(18:3)

Arachidic
acid

(C20:0)

Behenic
acid

(C22:0)

Vaccenic acid
(C18:1,n11T)

Samosa 21 - - 0.26 0.17 0.64 1.8 - 32.9 1.98 20.4 6.18 33.82 0.33 - 0.39 - -

Jalebi 6.0 - - 0.26 - 0.34 1.38 - 50.0 1.72 34.5 7.84 - 3.93 - - -

Bun (local) 1.2 - - - - - 0.44 1.81 23.3 9.75 39.44 1.01 23.84 - - - -

Namak para 22 - - - - 0.59 1.23 - 44.3 1.55 37.2 7.03 - 8.10 - - -

Biscuits 27 - - - - 0.97 1.46 - 50.1 1.04 33.6 6.7 - 6.17 - - -

Boondi 36 - - 0.3 - - - - 17.8 1.70 31.6 4.42 42.8 0.41 - 0.70 -

Chegodi 23 - - - - - 1.12 - 46.8 0.57 40.0 4.54 5.56 0.10 - - -

Potato chips 24 - - - - - 1.21 - 47.2 0.88 34.79 10.2 - 5.70 - - - -

Muruku 24 - - - - - - - 19.4 5.9 31.7 0.95 42.1 - - - - -

Gulab Jamun 4.4 0.37 1.04 0.86 1.67 4.56 9.13 0.65 37.88 11.1 25.5 - 2.84 - - - - 1.69

Pizza bread - - - - 1.03 1.15 - 37.6 1.34 36.8 - 16.1 - 0.42 - - 0.35

Vegetable
curry puff

20 - - - 0.27 4.12 2.39 - 46.4 1.5 32.7 8.0 - 4.11 - - - 0.53

Ragi Biscuit 14 - - - - 0.27 1.25 - 49.24 4.69 36.11 - 8.44 - - - - -

Trans-
esterified fat

92 0.73 1.37 - 49.01 4.96 34.79 - 7.80 - - 0.38 - -

Cake 18 - - - - 0.71 1.19 - 41.64 1.01 39.99 6.64 0.34 8.48 - - - 0.34
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Table 3 Total fatty acid composition of branded samples

Brand No. Sample name
Total fat content

(%)
Total SFA 

(%)
Total UFA 

(%)
TFA content given on

label (%)
TFA found after analysis

(%)

Brand 1 Cooking butter 72 72.77 22.26 3 5

Brand 2 Vanaspathi 100 61.67 28.48 10 9.86

Brand 3 Fat spread 57 53.06 46.96 Not detectable 0

Brand 4 Brown bread 1.0 71.12 28.87 Traces 0

Brand 5 Brown bread 0.7 72.33 27.2 0 0.46

Brand 6 Crispy snack 29 45.37 36.62 0 18

Brand 7 Cake 14 44.37 35.4 0 20.27

Brand 8 Potato chips 28 40.38 50.67 Not > 0.1 7.8

Brand 9 Chocos 1.5 82.07 17.93 0 0

Brand 10 Health drink 0.24 43.87 40 0 7.4

Brand 11 Noodles 0.2 45 55.4 0.1 0

Brand 12 Soup mix 2.2 37.62 59.32 Traces 3.09

Brand 13 Alu Bhujia 14 49.72 50.13 0 0.14

Brand 14 Biscuits 8 48.84 51.2 0 0

Brand 15 Choco cream biscuits 14 52.09 44 Not > 0.1% 0

Table 4 Total fatty acid composition of unbranded samples

Sample Name Total fat content (%) Total SFA (%) Total UFA (%) Total TFA (%)

Samosa 21 38.14 53.82 6.51

Jalebi 6.0 53.7 34.5 11.77

Bun (Local) 1.2 33.49 63.28 1.01

Namak para 22 47.67 37.2 15.13

Biscuits 27 53.57 33.6 12.87

Boondi 36 20.5 74.4 4.83

Chegodi 23 48.49 45.56 4.64

Potato chips 24 49.29 34.79 15.90

Muruku 24 25.3 73.8 0.95

Gulab Jamun 4.4 66.61 28.34 -

Pizza bread 2.7 41.12 53.32 -

Vegetable curry puff 20 54.68 32.7 12.11

Ragi Biscuit 14 55.45 44.55 -

Trans-esterified fat 92 56.45 42.59 -

Cake 18 44.55 39.99 15.12

Unsaturated fatty acid content of branded and
unbranded food products: Tables 3 and 4 shows
unsaturated fatty acid content of branded and unbranded food
items. The total amount of unsaturated fat in branded
samples ranged from 17% in chocos to 59% in soup mix in
branded food samples. The types of fatty acids present in
food items attains significance only if the total fat content in
the foods is present in higher amounts like in cooking butter,
vanaspathi, fat spread, crispy snack, potato chips, choco
cream biscuits and cake. In these food items, the total
unsaturated fatty acid content ranged from 22.3 to 50.7%.
Among all these 15 food items, the predominant unsaturated
fatty acid was oleic acid which ranged from 16.3% in chocos
to 40.7% in Alu bhujia. Linoleic acid, which is an n-3 PUFA,
was the other fatty acid present in amounts ranging from 0.66
in cooking butter to 38.4% in noodles.  In food products with

fat content higher than 14%, around 10% of linoleic acid was
present. Among the unbranded food items, total UFA ranged
from 32.7% in vegetable curry puffs to 74.4% in boondi.
Among these products, those with fat content more than 14%
and UFA content more than 40% could be of significance in
terms of their beneficial effects on health. Among the
MUFA, oleic acid (C18:1 cis-9) was the major fatty acid
present. The amount of oleic acid ranged from 20.4% in
samosa to 40% in chegodi. Linoleic acid content was also
significantly high ranging from 33.8 to 42.8% in fried items
like samosa, muruku and boondi among unbranded samples. 

Trans fatty acid content of branded and unbranded food
products: Tables 3 and 4 show trans fatty acid content of
branded and unbranded food items. In branded samples the
amount of total TFA ranged from 0.14 in Alu bhujia to
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20.3% in cake. Total TFA was higher in cake (20.3%), crispy
snack (18%), potato chips (7.8%), vanaspathi (9.86%),
cooking butter (5%), among the food products having higher
fat content. The TFA content assumes significance in terms
of their ill effects on the health of consumers, only if fat
content is also high. Hence, consumption of the above listed
products might prove to be harmful if consumed in large
amounts and at higher frequencies. The major TFA observed
in all samples was elaidic acid (C18:1 trans-9) and
linolelaidic acid (C18:2, trans-6) in the range of 0.46-11.8%.
Out of 15 branded samples, four samples contained elaidic
acid (C18:1 trans-9) at more than 7% (7.4, 7.8, 9.5, 11.8%),
four samples had less than 3% and six samples did not
contain any TFA. Linolelaidic acid (C18:2, trans-6) was
present in two samples (chat masti crispy snack and cake) at
8.5% and two samples has less than 2%, while cooking butter
and vanaspathi  had 2.5% and 4.6%, respectively. Six
samples did not contain any TFA and vaccenic acid was
detected only in health drink (0.33%). Presence of vaccenic
acid in health drink could be due to presence of ingredients
such as dried skimmed milk, dried whey and milk proteins
(as presented on label) which are of animal origin. Vaccenic
acid is a TFA which is known to be produced in the rumen of
epigastric animals naturally during the partial
biohydrogenation of linoleic acid (Adlof et al., 2000; Lock
et al., 2004) and it acts as a precursor for the endogenous
synthesis of cis9, trans11-conjugated linoleic acid (CLA) via
the action of the v9 desaturase enzyme in both humans and
animals (Adlof et al., 2000; Turpeinen et al., 2002). 

TFA was present in almost all unbranded foods except 4
out of 15 and its content ranged from 0.6% to 15% of total
fatty acids. TFA content was higher (> 2%) in potato chips
(15.9%), namak para (15%), biscuits (12%), vegetable curry
puff (12%), jalebi (11%), samosa (6%), boondi (4.8%) and
chegodi (4.64%). Since these food items also contain higher
fat content, excess consumption might prove harmful to
health. Out of 15 unbranded samples, the major TFA
observed in all samples was elaidic acid (C18:1 trans-9) and
linoleliadic acid (C18:2, trans-6) in the range of 1-10% and
0.1-8.4%,  respectively. Among the 15 food items, eliadic
acid was not detected in four samples and linoleliadic acid
was not detected in six samples. In terms of classifying them
in order of harmfulness with respect to higher fat as well as
higher TFA content, namak para is more harmful followed by
biscuits followed by potato chips, vegetable curry puffs, cake
and jalebi. 

An adult with a daily energy intake of 2000 k cal is
recommended to limit TFA intake to less than 2.2g/d and
SFA intake to less than 22.2 g/d. For a sedentary worker the
permitted RDA from SFA is 10% i.e. 180 k.cal and from
TFA is 1% i.e. 18 k.cal. If the person consumes a high fat
diet, resultant energy may exceed the permitted level
exposing the individual to many health issues. Majority of

bakery food items were having TFA, whose values had
almost crossed the limit recommended by WHO. Serving
size is an important factor which contributes to total fat and
TFA intake. For example one piece of puff weighing 100g
contributes a TFA content of 12%. The resultant energy from
TFA alone will be 216 kcal. It is more than the limit
specified by WHO i.e. <1% of the total energy should come
from TFA. If the same person consumes some similar food
products on a daily basis, TFA intake will increase further.
On studying the quality of fat in all these products, it was
observed that higher TFA is present in many of the products.
These results show that the amount of TFA, SFA, MUFA
and PUFA varied considerably among the analyzed samples
because of the differences in hydrogenation process
conditions such as temperature, pressure, type and amount of
catalyst and agitation rate that affect the resulting TFA
content of the starting oil. There is a need of strong food
regulations in all countries to bring levels of TFA in the
processed foods to negligible levels.

Table 3 shows the presence or absence of TFA on the
nutrition label of the 15 branded processed food items
analyzed in the present study. A comparison was made
between the information provided on the label with respect
to TFA content and the actual TFA content analyzed in the
present study. It was observed that the TFA content was
more than what was mentioned on the labels of some of the
food products. Among those whose label was
misrepresenting the TFA content are cooking butter, which
had 5% TFA as opposed to 3% provided on the label, crispy
snack, which contained 18% TFA, respectively as opposed
to 0% indicated on the label, cake which had 20.27% TFA as
opposed to 0% on the label, potato chips had 7.8% TFA as
opposed to 0% claimed on the label and health drink and
soup mix had 7.4 and 3.1% TFA as opposed to claims of 0%
on the label. Six food items had 0% as claimed on the label
while 2 items had trace amounts when the label indicated
0%. Only vanaspathi had 9.86% TFA and the label indicated
10% TFA. Hence, it can be observed that in 6 out of 15
items, the 0% TFA claims on labels were false. These results
show that the amount of TFA, SFA, MUFA and PUFA
varied considerably among the analyzed samples. A high
percentage of TFA was found in most of the samples.
Stringent regulations are required for reducing TFA content
of commonly consumed foods in India.
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ABSTRACT

Sesame phyllody is an important disease caused by a pleomorphic phytoplasma which is transmitted by a
leafhopper, Orosius albinctus. The affected plants become stunted and floral parts are modified in to leafy structures
bearing no fruits and seeds causing yield loss up to 59.6 per cent. In this view, a field experiment was conducted at
Agriculture Research Sub-Station, Hanumangarh, Rajasthan for the effective management of sesame phyllody
through the application of antibiotics, botanicals and insecticides. The experiment was carried out to study the
efficacy of seed treatment with imidacloprid and foliar spray of insecticides + combination of streptocycline + copper
oxychloride. The treatment comprising seed treatment with imidacloprid 70WS @ 5g/kg seed followed by two sprays
of thiomethoxam 25WG  @ 0.25 g/l at 40 and 50 DAS and one spray of streptocycline 150 ppm+ copper oxychloride
50WP @ 2g/l at  60 DAS  gave minimum  disease incidence of 2.5%, highest seed yield of 918 kg/ha as well as
maximum cost benefit ratio of 1: 3.32 followed by seed treatment with imidacloprid 70WS @ 5g/kg seed + two
sprays of thiacloprid 21.7SC @1ml/l + one spray of streptocycline 150 ppm + copper oxychloride 50WP @ 2g/l
which was significantly superior over standard check with a per cent disease incidence of 11.7% and seed yield of
547 kg/ha.   

Keywords: Antibiotics, Botanicals, Insecticides, Phyllody, Phytoplasma asteris, Sesame

Sesame (Sesamum indicum L.), domesticated over 3000
years ago, is an important and ancient oil-yielding crop.
Among the other oilseed field crops, sesame is one of the
most important crops in the world for edible oil production,
and it is produced mainly  in  India,  Myanmar,  China, 
Sudan,  Ethiopia,  Uganda,  Nigeria,  Paraguay,  Niger,
Tanzania, Thailand, Pakistan and Turkey (Anonymous,
2010).  Sesame  is  one  of  the  important  crops for  Turkey,
because  Turkey is  secondary centre of diversity  for this
crop. Having great amount of diversity, the genetic resources
of sesame used as source of breeding (Tan, 2010). In India,
it is grown in 1.9 m. ha, ranked first in area (46.5%) and
second in seed production after China (DES, 2013). Sesame
seed is a rich source of protein (20%), edible oil (50%),  
oleic acid (47%) and linolenic acid (39%) (Uzun et al., 2008;
Kumaraswamy et al., 2015). It is also a rich source of natural
antioxidants viz., sesamoline, sesamin and sesamol (Shyu
and Hwang, 2002). Although sesame is widely used for
different purposes, it has low productivity due to
non-availability of high-yielding varieties, resistant variety to
biotic and abiotic stresses, low harvest index, seed shattering,
and indeterminate growth habit (Ashri, 1998; Chauhan et al.,
2016). 

Many diseases attack sesame, but only a few of them such
as Fusarium wilt, charcoal  rot, stem and root rot, bacterial
blight, bacterial leaf spot, Cercospora leaf spot, Alternaria
leaf spot, Powdery mildew,  leaf  curl  and  phyllody are 
considered  to  be  important  diseases of sesame in the world
--------------------------------------------------------------------------- 
Email: ak_patho@rediffmail.com

and it occurs wherever sesame is cultivated (Beech,  1981;
Sataur, 1981; Serry and Sataur, 1981; Tan, 2010; Sujatha et
al., 2015). Among major biotic constraints, phyllody 
characterized by floral virescence and proliferation is major
limiting factor affecting sesame crop (Tan, 2010). About one
per cent increase in disease intensity reduces its yield by 8.36
kg/ha (Maiti et al., 1988). Association of phytoplasma has
been confirmed with phyllody disease in India on the basis of
symptoms, electron microscopy and molecular approaches
but only up to group level (Vasudeva and Sahambi, 1955;
Abraham et al., 1977; Manjunatha et al., 2012). Phyllody or
"Green Flowers" is one of the most important and destructive
diseases of sesame in Turkey. The incidence of this disease
increased day by day in sesame growing areas. The incidence
of this disease was reported as high as 100% in India and
90% in Burma (Beech, 1981).Turkmenoglu and Ari (1959)
observed phyllody symptoms on native sesame varieties  in 
Aegean  Region  of  Turkey  and  they  have  never  seen  an 
economical damage  of  this  disease  on  native  sesame 
varieties.  However, the foreign sesame varieties showed as
high as 50% symptoms and damage, whereas native varieties
which were growing near the foreign varieties did not show
so much symptoms as the others. They  indicated  that  the 
native  varieties  were  almost  resistant  against  this disease.
Phyllody is associated with a mycoplasma-like organism
(MLO) in the phloem of affected plants (Vasudeva and
Sahambi, 1955; Klein 1977; Beech, 1981). It is transmitted
by leafhopper (Vasudeva and Sahambi, 1955). Pal and
Pushkarnath (1935) reported that the systemic nature of the
disease was caused by a virüs. However, it was showed that
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disease to be transmitted by two species of Cicadellid
leafhoppers, Orosius albicinctus and O. argentatus
(Vasudeva and Sahambi, 1955, Gowanlock et al., 1976). 
Beech (1981), reported that phyllody in sesame is transmitted
in India and Australia by Cicadellid leafhoppers in the genus
Orosius. In common with most other MLO, the sesame MLO
can be transmitted to a range of other crops. Hence, looking
to the seriousness of the disease, present investigation was
undertaken by using seed treatment of insecticides and foliar
application of insecticides with combination of antibiotics,
botanicals and fungicides for effective management of
sesame phyllody.

MATERIALS AND METHODS

A field trial was laid out during kharif 2013-2015 to
evaluate efficacy of insecticide as seed treatment as well as
foliar application of different insecticides, botanicals and
combination of antibiotic + fungicidal sprays for the control
of vector (Orosius albicinctus) of phyllody on sesame. The
trial was laid out in the field of SKRAU, Bikaner, ARSS,
Hanumangarh farm in randomized block design with three
replications using variety RT-346 in 3 x 2.7 m plot size with
row to row spacing at 30 cm and plant to plant spacing of 10
cm. The spray of insecticides, antibiotics+ fungicide and
botanicals were applied at 40, 50 and 60 days after sowing,
respectively as per treatment. The field was ploughed well
and fertilizers were applied as per recommendation. Weeding
was done regularly and two irrigations were applied. The
trial consisting of following eight treatments viz., T1- Seed
treatment with imidacloprid 70WS @ 5g/kg seed, T2 - T1+
two spray of imidacloprid 17.8 SL @ 0.25 ml/l at 40 and 50
DAS + one spray of streptocycline 150 ppm + copper
oxychloride 50WP@ 2gm/l at 60 DAS, T3- T1 + two sprays
of acetamiprid 20SP @ 0.3g/l + one spray of streptocycline
150 ppm+ copper oxychloride 50WP @2g/l, T4- T1+ two
sprays of thiacloprid @ 1ml/l + one spray of streptocycline
150 ppm + copper oxychloride 50WP @ 2 g/l, T5 - T1 + two
sprays of thiomethoxam @ 0.25 g/l + one spray of
streptocycline 150 ppm + copper oxychloride 50WP @ 2 g/l,
T6 - T1 + two sprays of lambda cyhalothrin 5EC @ 1ml/l +
one spray of streptocycline 150 ppm + copper oxychloride
50WP    @ 2g/l, T7 - T1 + two sprays of azadirachtin @ 0.03
ml/l + one spray of streptocycline 150 ppm + copper
oxychloride 50WP @ 2g/l and T8 - Control. The
observations on disease incidence were recorded at weekly
intervals up to the maturity of crop.Observations on per cent
disease incidence of phyllody were recorded on plot basis up
to maturity of crop. Per cent disease incidence was calculated
by using the following formula:

     No. of plants infected
Per cent disease incidence = ---------------------------------------- x 100

Total no.of plants observed

The yield obtained from each plot was recorded after
threshing. Data were analyzed using arc sin transformation
using single factor analysis of variance (ANOVA). Cost
benefit ratio was also calculated.

RESULTS AND DISCUSSION

The results revealed that all the tested treatments are
significantly superior in reducing the phyllody disease and
increasing grain yield of sesame as compared to control
during kharif 2013 to 2015 (Table 1). Pooled data of three
years indicated that among all the treatments, treatment
comprising of seed treatment with imidacloprid @ 5g/kg
seed + two sprays of thiamethoxam at 40 and 50 DAS + one
spray of streptocycline + copper oxychloride at 60 days after
sowing gave significantly less disease incidence of 2.5% and
highest grain yield of 918 kg/ha  followed by treatment
module comprising of seed treatment with imidacloprid @
5g/kg seed + two sprays of thiacloprid at 40 and 50 DAS +
one spray of streptocycline + copper oxychloride at 60 days
after sowing (3.6% phyllody and 848 kg/ha yield) as
compared to control where maximum incidence 11.71% of
phyllody and minimum grain yield of 547 kg/ha was
recorded (Table 1). It is clear from the data that only seed
treatment with imidacloprid @ 5g/kg seed was less effective
in disease management, as  leafhopper vector attack the crop
at later stage and that time the efficacy of treated insecticide
was very negligible and vector may successfully transmit the
disease. Eventhough the phyllody disease was recorded in
different treatments but the incidence was very low in
treatment. The influence of treatments on seed yield revealed
that it was significantly higher with the application of seed
treatment alone as well as combination of seed treatment
with insecticides and spray of insecticides, botanicals in
combination with antibiotic and fungicide (6.62 to 9.18 q/ha)
compared to control (5.47 q/ha) (Table 1). The result
presented in Table 1 reveals  a positive return and highest
cost benefit ratio (1:3.32) in the module comprising of seed
treatment with imidacloprid + two sprays of thiacloprid at 40
and 50 DAS followed by single spray of streptocycline +
copper oxychloride at 60 days after sowing. These results are
in agreement with Jyothirmai et al. (2002) who reported that
application of imidacloprid 70WS seed treatment at 5g/kg
seed + imidacloprid 0.01% foliar spray drastically reduced
leafhoppers population and increased the pod yield of
groundnut. Pathak et al. (2013) reports that to manage
phyllody disease by check the vector population through
systemic insecticide is only way to control this disease.
Venkanna et al. (2010) reported that foliar application of
imidacloprid @ 26.7g a.i./ha at 25 and 40 days after sowing
was found to be significantly effective in reducing
leafhoppers on groundnut and also superior among various
neonicotinoid group og insecticides viz., acetamiprid and
thiamethoxam. Dey et al. (2005) reported that imidacloprid
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70WS @ 5-10g/kg seed and imidacloprid 20SL @ 100-125
ml/ha were found highly effective and significantly superior
to Carbosulfan 25DS @ 50 g/kg in controlling the leafhopper
(Amrasca biguttulabiguttula) in okra. This study represents
the integrated disease management combinations were best
for the management of vector population at prophylactic as
well as foliar sprays. Though, the disease is transmitted by
the leafhopper, so that to manage the disease, leafhopper
must be checked. 

In our present study, leaf hopper was controlled by the
foliar application of different insecticides and finally a
common spray of combination of antibiotic and fungicide
was applied for creating resistance in plant against phyllody

disease. Hence, it can be concluded from the results of
present investigation that module comprising seed treatment
with imidacloprid 70WS @ 5g/kg seed + two sprays of
thiamethoxam 25WG @ 0.25 ml/l  at 40 and 50 DAS + one
spray of streptocycline 150 ppm+ copper oxychloride 50WP 
@ 2 g/l at 60 days after sowing followed by seed treatment
with imidacloprid 70WS @ 5g/kg seed + two sprays of
thiacloprid @ 1ml/l at 40 and 50 DAS + one spray of
streptocycline 150 ppm + copper oxychloride 50WP @ 2g/l
at 60 days after sowing was most effective as well as
economically beneficial treatments to manage the phyllody
of sesame.

Table 1 Integrated disease management of sesame phyllody (kharif, 2013-2015)

T. No. Treatments

Kharif 2013 Kharif 2014 Kharif 2015 Mean

CBRPhyllody
(%)

Yield 
(kg/ha)

Phyllody
(%)

Yield 
(kg/ha)

Phyllody
(%)

Yield 
(kg/ha)

Phyllody
(%)

Yield 
(kg/ha)

T1 Seed treatment with imidacloprid 70WS @5g/kg seed
10.69

(18.30)
786

10.4
(18.68)

648
9.0

(17.35)
416

10.03
(18.11)

662 2.64

T2
T1 + Two sprays of imidacloprid 17.8SL @ 0.25 ml/l + One
spray of streptocycline 150 ppm + copper oxychloride50WP
@ 2gm/l

6.80
(14.90)

902
7.5

(15.83)
763

7.33
(15.68)

463
7.2

(15.47)
709 2.69

T3
T1+ Two sprays of acetamiprid 20SP @ 0.3g/l + One spray
of streptocycline 150 ppm + copper oxychloride 50WP @
2g/l

8.66
(17.07)

856
8.0

(16.3)
717

6.33
(14.53)

486
7.66

(15.96)
686 2.59

T4
T1+ Two sprays of thiacloprid @ 1ml/l + one spray of
streptocycline 150 ppm + copper oxychloride 50WP @ 2gm/l

2.84
(10.76)

1064
3.8

(11.13)
902

4.16
(11.63)

579
3.6

(11.17)
848 3.07

T5
T1 + Two sprays of thiamethoxam 20WG @ 0.25 g/l + One
spray of streptocycline 150 ppm + copper oxychloride 50WP
@ 2 g/l

2.54
(9.17)

1087
2.9

(8.62)
995

2.16
(8.27)

671
2.53

(8.68)
918 3.32

T6
T1 + Two sprays of lambda cyhalothrin 5EC @ 1ml/l + One
spray of streptocycline 150 ppm + copper oxychloride 50WP
@ 2 g/l

3.38
(10.87)

1041
4.9

(12.80)
856

4.83
(12.52)

555
4.37

(12.06)
817 3.10

T7
T1 + Two sprays of azadirachtin @ 0.03 ml/l + One spray of
streptocycline 150 ppm + copper oxychloride 50WP @ 2gm/l

6.98
(15.28)

925
7.86

(16.24)
786

8.2
(16.56)

440
7.68

(16.00)
717 2.74

T8 Control
11.65

(19.04)
740

13.33
(22.39)

532
10.16

(18.47)
370

11.71
(19.96)

547 2.18

Mean
CV (%)
CD (P=0.05)

14.38
13.53
2.41

925.8
13.8
158.4

15.25
15.6
2.95

775.4
16.9
162.5

14.37
14.34
2.55

497.6
18.36
113.3

14.67
6.78
1.23

732
5.00
45.41

*Figures in parentheses are arc sine transformed values 
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ABSTRACT

Traditionally, in India, a variety of edible oils are used for consumption. The type of edible oil being consumed
varied across regions. While one region prefers rapeseed-mustard oil, the other region enjoys peanut, sesame and
coconut oils. On the whole, rapeseed and mustard oil and peanut oil are the most popularly consumed edible oils
in the country. In the study state, Tamil Nadu, the foremost edible oil consumed is peanut oil besides other oils. The
technological, economic and policy changes after liberalization induced drastic changes in consumer's preference
for food including edible oils. The Markov Chain Analysis for rural and urban Tamil Nadu revealed that there is a
perceptible shift in edible oil consumption from traditional peanut oil to Other Edible Oils (OEO's). The possible
reason for these shifts are increased urbanization and changing lifestyles, increased awareness, availability of oils
in loose pack form in varied quantities available even in remote areas, change in relative prices of oils, and increased
income levels of rural and urban households. The secondary data published by National Sample Survey Organisation
for Tamil Nadu state did not clearly disintegrate the OEO's, primary survey was employed for this study. The results
based on 1000 households revealed that the dominant edible oil consumed was non-traditional sunflower oil in both
rural and urban regions. The per capita consumption of edible oils was also higher in recent years indicating higher
consumption demand. The results from this study affirm that peanut oil, which was traditionally consumed by
households as first preference, has been replaced by non-traditional oils like sunflower oil owing to various
macroeconomic factors like price, cost of cultivation and imports. The change call for more concerted efforts to
supply these non-traditional oils in the future as the demand were expected to be high. Further, it also implies need
for increasing the capacities of edible oil industries as the overall consumption of edible oil is increasing over years.
This study highlights the need for suitable policy options for edible oil processing and marketing specifically for
sunflower oil besides traditional oils and trade on edible oils.   

Keywords: Consumption dynamics, Edible oil, Markov chain, Tamil Nadu state

In the agricultural economy of India, oilseeds are
important next only to food grains in terms of area,
production and value. India accounts for about 13% of world
oilseeds area, 8% of world oilseeds output, and 6% of world
vegetable oil production (Hegde, 2003). The Indian edible
oil market is the fourth-largest in the world after USA, China
and Brazil.  The diverse agro-ecological conditions in the
country are favourable for growing several annual edible
oilseed crops, viz., peanut,  rapeseed-mustard,  soybean, 
sunflower, sesame, safflower and niger.  Among these, 
peanut,  rapeseed-mustard  and soybean, account for nearly
77% of oilseeds area and 86% of oilseeds production
(Damodaram and Hegde, 2007; Richard and Mathur, 2015).
Despite favourable climatic conditions and highest area
under oilseeds (26 m ha), India is the second largest
consumer after China, meeting more than half of its
requirements of edible oil through imports. 

In India, the demand for oilseeds and vegetable oil is
increasing due to high population growth, increasing per
---------------------------------------------------------------------------
1ICAR-NAARM, Rajendranagar, Hyderabad-500 030, Telangana; 2ICAR-SBI,
Coimbatore-641 007, Tamil Nadu; *Present Address: ICAR-NIVEDI, Bengaluru-560
064, Karnataka; Email: govindaraj.naidu@icar.gov.in

capita income and urbanisation (Sudhakarababu and Hegde,
2011). The process of rapid urbanization and global
integration bring about new dietary needs and general
lifestyles changes (Popkin, 1999; Regmi and Dyck, 2001).
Economic growth is the driving force for the significant
change in consumer demand for food including the edible
oils (Govindaraj, 2010; Govindaraj and Suryaprakash, 2013;
Govindaraj et al., 2015). Many Asian countries including
India which are in economic and demographic transition has
already exhibited dramatic changes in food consumption
patterns (Shetty, 2002; Pingali and Khwaja, 2004). The per
capita consumption of edible oil in India was around 11.2 kg/
capita/year, which is less than the world average of 17.8
kg/per capita/year (Ramesh and Murughan, 2008).

On production font, Tamil Nadu is one of the most
important oilseeds cultivating state in India with 0.448
million ha producing 1.113 million tonnes of oilseeds (Singh,
2014). The major edible oilseed crops grown in this state are
peanut, sesame and sunflower. Traditionally, peanut oil is the
major edible oil consumed in this state, however due to rapid
economic and income growth [it is one of the fastest growing
state with average Gross Domestic Product (GDP) growth of
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more than 5% in the last decade], urbanization (it is the most
urbanised state as according to 2001 census, 44% percentage
of population, i.e., 27.2 million live in urban areas and in
terms of degree of urbanisation and town density) and
increased literacy levels [literacy level in this state was 80%
as against national level 74% (GOI,  2011)], the 
consumption pattern of edible is changing in the recent years.
Besides these factors, the population of Tamil Nadu state is
also expected to reach 70.6 million by 2020 from the 2010
population level of 67.0 million (Census of India, 2001).

There are several studies that highlighted the changes in
consumption pattern in India like i) reduced per capita
consumption of rice and increased consumption of wheat and
wheat based products, ii) rise in high protein and energy
dense diets (animal based products) and increase in
consumption of fruits and vegetables (Kumar, 1998;
Radhakrishan and Venkatareddy, 2002; Pingali, 2006;
Mittal, 2006). Nevertheless, none of these studies focussed
on the changes in edible oil consumption at the national or
state (disaggregated) level, though, it is imperative for
planning demand-driven oilseed production and for
formulating appropriate trade policy. Further, the national
household surveys do not account for the major edible oils
being consumed presently like sunflower, rice bran, soybean
oils, etc. In this background, the present study was designed
to assess the temporal shift in consumption of major edible
oils and to ascertain the present-day edible oil consumption
pattern in Tamil Nadu state, India. 

MATERIALS AND METHODS

Data and sampling: Both secondary and primary data were
used in the present study. The secondary data from five
quinquennial and National Sample Survey Organisation
(NSSO) rounds i.e. 43rd (July 1987 - June 1988), 50th (July
1993 - June 1994), 55th round (July 1999-June 2000), 61st 
(July 2004 - June 2005) and 66th (July 2009 - June 2010) on
consumption pattern of households were used for analysing
the temporal shift in consumption of major edible oil groups.
The primary data collected through household survey during
2010 was used to ascertain the present-day pattern of edible
oil consumption by households (since the secondary data
published by NSSO comprise only five oils
[Vanaspati/margarine, mustard oil, peanut oil, coconut oil
and Other Edible Oils (OEO's) and no details are available
on the consumption of other oils by households like
sunflower oil, sesame oil, palm oil etc]. For the study on
present consumption pattern of edible oils in Tamil Nadu, a
multistage random sampling technique was followed to select
the sampling households. In the first stage, five zones (north,
south, west, central and east) were identified and one district
was randomly selected to represent each zone. In the second
stage, one taluk in each of the selected districts and one
block in the selected taluk were identified randomly. In the

third stage, three village clusters were selected in each of the
identified blocks. The household samples surveyed in the
identified districts were considered as urban samples. In the
fourth stage, the households were randomly selected in both
rural and urban areas. The household edible oil consumption
data was collected using primary survey with the help of
pre-tested questionnaires developed for the purpose. Five
hundred households each were selected in rural and urban
areas and interviewed to know the present-day pattern of
edible oil consumption. 

Model specification: The temporal shift in consumption of
edible oils were analysed by employing a first order finite
Markov Chain Model which captured the net effect of
changes in the consumption of edible oil over a period of
time. Markov Chain Analysis (MCA) was employed to
ascertain the shift in consumption of edible oils from 43rd 
round (1987-88) to 66th round (2009-10).The estimation of
the transitional probability matrix (P) was central to this
analysis. The element Pij of the transitional probability matrix
indicated the probability that share would switch from
commodity 'i' to commodity 'j' over time. The diagonal
elements Pij where i=j indicated the probability that the
commodity retaining its value share. In the context of the
current application, the change in edible oil consumption was
treated as a random process. The average share of the
selected edible oil (commodity) from among the edible oils
(commodity group) in any period (round) depends only on
the share of the previous period and which was algebraically
denoted below:

where,
Ejt =  shift in per capita share of jth commodity (edible oil) during
the round t
Eit-1 = per capita share of ithcommodity (edible oil) during the
round t-1
Pij =probability that share will shift from the ith commodity (edible
oil) to jth commodity (edible oil)
eit = error-term which is  statistically independent of eit-1, and
n = number of commodities (edible oils)
The transitional probabilities Pij, which can be arranged in a(c×r)
matrix, had the following properties:

The probability matrix was estimated using 43rd  round to
66th  round of data. The transition probability matrix was
estimated in Linear Programming (LP) frame work by a
method referred to as minimization of Mean Absolute
Deviation (MAD); the LP formulation is as per expression
below: 
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Min, OP* + Ie ………………. (2)
Subject to 

X P* + V = Y
GP* = 1
P*$ 0

where, P*is a vector of the probabilities Pij, O is a null
vector; I is an appropriately dimensional vector of edible oil;
e is the vector of absolute errors (| U |); Y is the vector of
proportion of per capita shares of other edible oils; X is a
block diagonal matrix of lagged values of Y; V is the vector
of errors; and G is a grouping matrix to add the row elements
of P arranged in P* to unity.  P* vectors were arranged to
obtain the transitional probability matrix which indicated the
overall structure of the transitions that had taken place in the
system. Essentially, the transitional probability matrix
captures the dynamics of the changes in per capita
consumption of edible oils in Tamil Nadu in value terms.
The individual probabilities Pij indicate the probability of the
shift from the commodity 'i' to commodity 'j'.

RESULTS AND DISCUSSION

Consumption pattern of edible oil in rural Tamil Nadu:
The comparison of monthly per capita consumption of
edible oils across income classes in rural Tamil Nadu across
five NSSO rounds (43rd, 50th, 55th, 61st and 66th)  revealed
that during 43rd round (1987-88), the major oils consumed by
the rural households were peanut oil and Other Edible Oils
(OEO's). The quantity of peanut oil consumed was 0.17 kg
per capita per month followed by OEO's (0.04 kg per
capita/month) (Table 1). Over the periods, the per capita
consumption of peanut oil increased and reached a peak of
0.27 kg per capita/month during the 55th round (1999-2000),
and thereafter it declined to 0.18 kg per capita/month during
66th round (2009-10). This decline in peanut oil consumption
in recent years in rural Tamil Nadu was compensated by
higher consumption of OEO's. The per capita peanut oil
consumption increased by only 6% since the base period
consumption (1987-88), whereas, a leapfrog jump of 975%
in OEO's consumption was observed during 66th round
(2009-10). Thus, it could be concluded that there is
perceptible temporal shift in consumption of edible oil from
traditional peanut oil to other oils in rural Tamil Nadu.
Besides shift in edible oil consumption, the per capita oil
consumption per month also tripled from 0.22 kg during 43rd 
round (1987-88) to 0.61 kg during the recent 66th round
(2009-10) in rural Tamil Nadu.

Consumption pattern of edible oil in urban Tamil Nadu:
Similar to rural households, the major oils consumed among
urban households was peanut oil and OEO's. The peanut oil
consumption was 0.20 kg per capita/month during 43rd round
(1987-88) and increased to 0.27 kg during the 50th round
(1993-94) and started declining thereafter and stood at 0.121

kg per capita/month during 66th round (2009-10). This
indicated that, the consumption of peanut oil has declined in
urban Tamil Nadu also in recent years. It also revealed that
the decline in peanut oil consumption started after 50th round
(1993-94) in urban areas, whereas, in rural areas the decline
was observed after the 55th round (1999-2000) affirming lag
in consumption shift from traditional (peanut) to newer oils
between the urban and rural areas. The OEO's consumption
in urban Tamil Nadu had increased from 0.14 kg per capita/
month during 43rd round to 0.57 kg during 66th round. Hence,
it could be concluded that, the peanut oil consumption was
declining, whereas, the OEO's consumption showed
increasing trend in urban Tamil Nadu (Table 2). The results
also revealed that in urban Tamil Nadu the per capita
consumption of peanut oil and coconut oil declined by 29%
and 70%, respectively, whereas the OEO's consumption
increased by 190% from the base year consumption
(1987-88). The decline in per capita consumption of peanut
oil and coconut oil was overcompensated by higher level of
consumption of OEO's. The consumption increase in OEO's
might be due to increased awareness about the health benefits
of these oils. Moreover, some of the OEO's like sunflower,
rice bran oil, palm oil, etc., were priced lower than the peanut
and coconut oil inducing shift in consumption. Besides shift
(from traditional to newer oils) in consumption in urban
areas, the total edible oil consumption per capita/month also
increased from 0.37 kg during 43rd (1987-88) to 0.70 kg
during 66th round (2009-10). The total edible oil
consumption per capita per month has increased in both rural
and urban regions, but consumption was higher in urban
areas vis-à-vis rural areas (Table 2).

Expenditure pattern and compositional changes in edible
oil consumption in rural Tamil Nadu: The shift in edible
oil consumption or which oil has given way to which oil in
Tamil Nadu state was studied by Markov Chain Analysis.
The edible oil commodity-wise monthly per capita
expenditure for all the income classes from round 43rd

(1987-1988) to round 66th (2009-10) was used to analyse the
shift or compositional changes in edible oil consumption for
rural Tamil Nadu. Before analysing the shift in per capita
expenditure, the per capita per month expenditure share
across rounds was compared (Table 3).

It was observed that consumption expenditure share of
edible oils like vanspathi/margarine, mustard oil and peanut
oil decreased over years (Table 3). The peanut oil share
decreased substantially from 84% in 43rd round (1987-88) to
33% during 66th round (2009-10) in value terms. The
coconut oil share showed some fluctuations but during the
last round its share was only 1.85%. However, during the
same period, substantial increase in consumption expenditure
share of Other Edible Oils (OEO's) was observed from a
meagre 12% during 43rd round (1987-88) to 65% during 66th 
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round (2009-10) and it affirms shift in expenditure pattern
among the edible oils.

The transitional probability matrix presented in Table 4
provides a broad indication of changes/shift in edible oil
consumption pattern in rural Tamil Nadu from 43rd to 66th 
round. The row elements in a transitional probability matrix
provide the information on the extent of shift in consumption
expenditure across different edible oils with the passage of
time. The column elements indicate the probability of gain in
consumption expenditure share by particular edible oil from
other edible oils (the losing item). The diagonal elements
indicate the probability of retention of consumption
expenditure by that particular edible oil. The results for rural
Tamil Nadu indicated that, the highest retention probability
of 1.00 expenditure share was for OEO's followed by
probability of 0.84 for peanut oil. Vanaspati/Margarine was
expected to gain less in consumption expenditure from

mustard oil (0.02 probability) and peanut oil (0.002
probability). Mustard oil does not gain from any of the edible
oils, whereas, peanut oil was expected to gain in
consumption expenditure from Vanaspati/margarine by 0.52
probability and mustard oil by 0.65 probability, implying that
a portion of Vanaspati/margarine or mustard oil were being
replaced by peanut oil. The OEO's gain in consumption
expenditure from mustard oil (0.13 probability) and coconut
oil (1.00 probability) implied that there was shift in per
capita consumer expenditure towards OEO's from mustard
and coconut oils. The probability of vanaspati losing its share
to other oils was 0.52 and 0.48 for peanut oil and coconut
oil, respectively. It can be concluded from the above results
that people are switching from traditional oils to OEO's in
rural areas. The traditional peanut oil given way to OEO's by
0.13 probability, implying that peanut consumers are slowly
shifting to OEO's in rural areas.

Table 1  Monthly per capita consumption of edible oils in rural Tamil Nadu - 43rd to 66th rounds of NSSO Survey

Edible oil type

Quantity (kg)

43rd round 
(1987-88)

50th round 
(1993-94)

55th round 
(1999-00)

61st round 
(2004-05)

66th round 
(2009-10)

Vanaspati/Margarine 0.00 0.00 0.00 0.00 0.00

Mustard oil 0.00 0.00 0.00 0.00 0.00

Peanut oil 0.17 0.24 0.27 0.23 0.18 (5.9)

Coconut oil 0.00 0.01 0.01 0.00 0.01

Other Edible Oils (OEO’s) 0.04 0.11 0.14 0.21 0.43 (975.0)

Total 0.22 0.38 0.43 0.44 0.61 (177.3)

Source: compiled from different surveys publication of NSSO;  Note: Figures in parentheses indicate per cent change over 43rd round

Table 2 Monthly per capita consumption of edible oils in urban Tamil Nadu - 43rd to 66th rounds of NSSO Survey

Edible oil type
Quantity (kg)

43rd round (1987-88) 50th round (1993-94) 55th round (1999-00) 61st round (2004-05) 66th round (2009-10)

Vanaspati/Margarine 0.01 0.00 0.00 0.002 0.003

Mustard oil 0.00 0.00 0.00 0.000 0.000

Peanut oil 0.20 0.27 0.22 0.143 (-28.5) 0.121 (-39.5)

Coconut oil 0.01 0.01 0.01 0.003 (-70.0) 0.014 (-40.0)

Other Edible Oils (OEO’s) 0.14 0.20 0.31 0.405 (190.0) 0.561 (300.7)

Total 0.37 0.48 0.54 0.553 (49.5) 0.699 (88.9)

Source: compiled from different surveys publication of NSSO; Note: Figures in parentheses indicate per cent change over 43rd round

Table 3 Monthly per capita consumption expenditure on edible oils in rural Tamil Nadu (`/month)

Round (Year) Vanaspati/Margarine Mustard oil Peanut oil Coconut oil Other edible oils Total oil

43rd (1987-88) 0.03 (0.59) 0.06 (1.17) 4.27 (83.72) 0.15 (2.94) 0.59 (11.56) 5.1 (100)

50th (1993-94) 0.02 (0.17) 0.05 (0.44) 8.32 (73.96) 0.31 (2.76) 2.55 (22.67) 11.25 (100)

55th (1999-00) 0.00 (0.00) 0.02 (0.12) 10.35 (62.05) 0.51 (3.06) 5.8 (34.77) 16.68 (100)

61st (2004-05) 0.03 (0.12) 0.01 (0.04) 12.64 (52.33) 0.19 (0.79) 11.28 (46.71) 24.15 (100)

66th (2009-10) 0.04 (0.12) 0.00 (0.00) 11.48 (33.19) 0.64 (1.85) 22.43 (64.86) 34.58 (100)

Source: compiled from different surveys publication of NSSO; Note: Figures in parentheses indicate percentage to total expenditure on edible oils

J. Oilseeds Res., 33(3) : 178-184, September, 2016 181



GOVINDARAJ ET AL.

Table 4 Shift in the pattern of edible oil consumption in rural Tamil Nadu - Probability transition matrix for

43rd to 66th rounds of NSSO survey 

Edible oil type Vanaspati/Margarine Mustard oil Peanut oil Coconut oil Other edible oils

Vanaspati/Margarine 0 0 0.517 0.483 0

Mustard oil 0.018 0.333 0.649 0 0

Groundnut oil 0.002 0 0.843 0.030 0.1263

Coconut oil 0 0 0 0 1.0000

Other Edible Oils (OEO’s) 0 0 0 0 1.0000

Expenditure pattern and compositional changes in edible
oil consumption in urban Tamil Nadu: The monthly per
capita consumption expenditure for different edible oils
across all classes for urban Tamil Nadu revealed that, the
expenditure share of edible oils like Vanaspati/margarine,
mustard oil, peanut oil and coconut oil decreased
substantially over the rounds (Table 5). The peanut oil share
decreased substantially from 68% in the 43rd round to 19%
during 66th round whereas, vanspathi/margarine share
decreased from 3.6% to 0.7% during the same period.
However, the expenditure on OEO's increased substantially
from 26% to 78% during 43rd to 66th round implying more
consumption of OEO's in the recent years compared to
traditional oils.

The results of transitional probability estimated for urban
Tamil Nadu indicated that the highest retention probability
(0.91) was for OEO's followed by peanut oil (0.45
probability) (Table 6). Vanaspati/margarine was expected to
gain in consumption expenditure from peanut oil and OEO's
was less likely. Mustard oil does not gain significantly from
any of the oils, whereas, peanut oil was expected to gain in
from coconut oils by probability of one, Vanaspati/margarine
by 0.77 and OEO's by 0.09 probability. The OEO's gain in
consumption expenditure from peanut oil (0.52 probability)
indicating preference of OEO's in place of traditional peanut
oil. The probability of vanaspati losing its share was 0.77 and
0.16 for peanut oil and coconut oil, respectively. Mustard oil
loses its expenditure share completely to OEO's. In case of
urban Tamil Nadu, the above empirical results imply that
there is shift in consumption from peanut oil (traditional oil)
to OEO's in urban areas. 

Present-day pattern of edible oil consumption: Due to
limitation in the NSSO data published in India in which only
five oils were considered viz., Vanaspati/margarine, mustard
oil, peanut oil, coconut oil and Other Edible Oils (OEO's)
and details about other oils like sunflower oil, sesame oil,
soybean oil, palm oil, etc., is lacking, primary data was
collected to assess the present-day pattern (type and quantity)
of edible oil consumption in rural and urban Tamil Nadu.
The results revealed that, in the present primary survey,
about 0.660 kg of edible oil per capita/month was consumed
by the sample rural households (Table 7). The major oil
consumed in rural areas was sunflower (0.203 kg) followed
by peanut oil (0.139 kg), palm oil (0.153 kg), sesame (0.102
kg), and coconut oil (0.54 kg). The consumption of
sunflower oil was more than the traditional peanut oil.
Among the total oil expenditure, 30% was spent by house-
holds on sunflower oil, followed by 25% on sesame oil, 23%
on peanut oil, 12% on palm oil, 9% on coconut oil and 1%
on other oils that includes rice-bran oil, soybean oil and corn
oil (Table 7). Hence, it could be concluded that, at present,
the highest per capita consumption and expenditure in rural
Tamil Nadu was sunflower oil followed by peanut oil.

Among the urban households, the major oil consumed, at
present, was sunflower (0.372 kg  per capita/month)
followed by peanut oil (0.142 kg), palm oil (0.128 kg),
sesame oil (0.101 kg), coconut oil (0.027 kg) and 0.011 kg
of other oils (rice-bran oil, soybean and corn oil). It could be
inferred that, similar to rural areas, the per capita
consumption of sunflower oil was higher than peanut oil in
urban areas. Among the total oil expenditure, 43% was spent
by households on sunflower oil followed by 22% on sesame
oil, 20% on peanut oil, 9% on palm oil, 4% on coconut oil
and 1% on other oils.

Table 5 Monthly per capita consumption expenditure on edible oils in urban Tamil Nadu (`/month)

Round (Year)
Vanaspati/
Margarine

Mustard oil Peanut oil Coconut oil
Other Edible Oils

(OEO’s)
Total oil

43rd  (1987-88) 0.27 (3.61) 0.00 (0.00) 5.08 (68.01) 0.2 (2.68) 1.92 (25.70) 7.47 (100)
50th  (1993-94) 0.15 (1.21) 0.04 (0.32) 9.5 (76.49) 0.31 (2.50) 2.42 (19.48) 12.42 (100)
55th  (1999-00) 0.12 (0.55) 0.02 (0.09) 8.63 (39.35) 0.52 (2.37) 12.64 (57.64) 21.93 (100)
61st  (2004-05) 0.10 (0.32) 0.01 (0.03) 8.03 (25.32) 0.20 (0.63) 23.38 (73.71) 31.72 (100)
66th  (2009-10) 0.30 (0.68) 0.02 (0.05) 8.22 (18.75) 1.03 (2.35) 34.26 (78.17) 43.83 (100)
Source: compiled from different survey publications of NSSO; Note: Figures in parentheses indicate percentage to total expenditure on edible oils
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Table 6 Shift in the pattern of edible oil consumption in urban Tamil Nadu - Probability transition matrix for 

43rd  to 66th  rounds of NSSO survey 

Oil type Vanaspati/ Margarine Mustard oil Peanut oil Coconut oil Other Edible Oils (OEO’s)

Vanaspati/Margarine 0 0.074 0.771 0.155 0

Mustard oil 0 0 0 0 1

Groundnut oil 0.007 0 0.448 0.029 0.517

Coconut oil 0 0 1 0 0

Other Edible Oils (OEO’s) 0.001 0 0.085 0 0.914

Table 7  Monthly per capita consumption of edible oils by sample households in Tamil Nadu during 2010

Areas/Oil type
Rural Urban

Quantity (kg) Value (`) Quantity (kg) Value (`)

Peanut oil 0.139 11.55 (23.17) 0.142 11.80 (20.23)

Sunflower oil 0.203 14.81 (29.71) 0.372 25.23 (43.26)

Sesame oil 0.102 12.38 (24.83) 0.101 13.07 (22.41)

Coconut oil 0.054 4.41 (8.84) 0.027 2.33 (3.99)

Palm oil 0.153 5.97 (11.97) 0.128 5.21 (8.93)

Other oils* 0.010 0.72 (1.44) 0.011 0.68 (1.16)

Total oils 0.660 49.84 (100) 0.780 58.32 (100)

Sample size (n) 500 500

Note: Figures in parentheses indicate percentage to total expenditure on edible oils;* indicate rice bran oil, soybean oil and corn oil.

There is heterogeneity in the consumption of edible oils
in underdeveloped countries between the rural and urban
areas (Oshima, 1962). Hence, the long term changes and
present-day consumption pattern of edible oils was studied
independently for rural and urban regions of Tamil Nadu. In
rural areas, the consumption of traditional oils like peanut oil
had declined drastically over the period, whereas, the
consumption of OEO's had increased. Similar trend was
observed in urban regions with differences in period of shift
in consumption of edible oils. The Markov chain analysis
also affirms shift in consumption pattern of edibles in the
study region. The decline in peanut oil consumption started
after 50th round (1993-94) in urban areas, whereas, in rural
areas, the decline was observed after the 55th round
(1999-2000) indicating lag in consumption shift from
traditional (peanut) to newer oils between the urban and rural
areas. The lag in shift might be due to differences in income
levels, education levels, awareness and perception about
different oils, and penetration and acceptance levels of
households in the rural and urban areas.  

Besides shift in edible oil consumption, the per capita oil
consumption per month from 1987-88 to 2009-10 also
tripled and doubled in rural and urban regions, respectively,
implying rapid increase in consumption of edible oils in rural
than urban areas. However, the per capita consumption was
higher in urban areas vis-à-vis rural areas and it might due to
difference in income and number and type of food

commodities in the consumption basket of urban and rural
households. Over a period, the expenditure on traditional
peanut oil decreased substantially, whereas, significant
increase in expenditure on Other Edible Oils (OEO's) in both
rural and urban regions. The present-day consumption
pattern study to identify the dominant oil preferred in recent
years revealed sunflower oil as the most preferred and
consumed by households followed by peanut oil in both
urban and rural areas. The preference for newer oils available
in the market like rice-bran oil, soybean and corn oil is least.

Literature had shown that there has been shift in
consumption of food commodities in India, from coarse to
fine cereals, from low to high value commodities like fruits,
vegetables, milk and milk products, meat, fish, egg, etc.
(Kumar, 1998; Hanumantha Rao, 2000; Mittal, 2006;
Sivaramane et al., 2009). The present study has brought out
very clearly the shift in edible oil consumption and also
identified the important oils consumed by the households in
rural and urban regions in recent years. The possible reason
for these shifts are increased urbanization (changing
lifestyles), increased awareness about health benefits of
different oils, changes in processing and acceptance of these
oils by households (solvent extraction oils over the
traditional oil separated through expellers), distribution
(availability of oils in packet form in different quantities even
in remote rural areas), and marketing of edible oils
(excessive advertisements for edible oils promotion, change
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in relative prices of edible oils and change in income levels
in both rural and urban regions recent years.

In majority of the developed countries olive oil is
consumed whereas in developing countries in South Asia,
especially India, the traditional oil consumption is changing.
In the studied state (Tamil Nadu) the traditional edible oil
consumption pattern (peanut oil) is no longer static and
households exhibit strong preference for non-traditional oils.
The consumption of traditional edible oil like peanut had
declined whereas, Other Edible Oils (OEO's) consumption
has increased in rural as well as urban areas. It might be due
higher education levels in both rural and urban areas thereby
increased awareness about the health benefits of OEO's
besides the product related development in OEO's like
improved processing methods, efficient packaging,
distribution and marketing of edible oils and complex
interaction between social, economic and product related
factors. Besides shift in oil preference, the per capita edible
oil consumption had also increased in both rural and urban
areas. The preference for newer oils and overall increase in
per capita consumption of edible oils will likely to continue
in the coming years in a faster pace in consonance with
demographic, economic and social factor changes in Tamil
Nadu. It implies, three important aspects firstly, on
production front household preferred edible oils
(demand-driven) like sunflower, sesame etc., should be
augmented in mission mode to meet the edible oil demand
domestically. Secondly, the industries involved in edible oil
processing and marketing need to concentrate on the
household preferred oils rather than traditional oils only to
make a dent in the emerging edible oil market or to retain
their market share. Thirdly, the preference of edible oils by
households gives an indication to the importers or the
exporters which oil one should concentrate.
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ABSTRACT

Classification of large volume of data especially in agriculture is a challenging task. Decision tree method is
generally used for the classification, because it is the simple hierarchical structure for the user understanding and
decision making. In the present study, the various classification techniques have been applied with Spodoptera spp.
solitary larvae data set of soybean, for classifying into four classes based on Economic Threshold Level (ETL), using
R statistical language. Out of six classification methods tested, it was found that C4.5 (decision tree) was effective
with accuracy of 78 per cent followed by Naïve Bayes and kNN algorithms both with 72 per cent accuracy. 

Keywords: C4.5 classification, Data mining, Decision tree classification, Soybean pest data

Data Mining is the process of discovering the interesting
patterns or information from the data in large databases. The
data sources can include databases, data warehouses, the
web, other information repositories, or data that are streamed
into the system dynamically. Han and Kamber (2005) had
defined the data mining as knowledge discovery in databases,
knowledge extraction, pattern analysis, data archeology and
business intelligence. Alagukumar and Lawrance (2015a and
b), stated that data mining techniques have become a popular
tool for analyzing large amount of data. Srinivasan and
Aggarwal (2003) had discussed that data mining techniques
have become a popular research tool for agriculture data to
identify and exploit patterns and relationships among large
number of variables and to predict the outcome of a pest
using the historical datasets. 
   Priyam et al. (2013) applied ID3, C4.5, and CART
algorithms on the educational data for predicting the
student's performance in examination. The algorithms are
applied on student's internal assessment data to predict their
performance in the final exam. They mentioned that C4.5 is
the best algorithm for small datasets because it provides
better accuracy and efficiency than other algorithms. Hssina
et al. (2014) have focused on the key elements of their
construction from a set of data and then they presented the
algorithm ID3 and C4.5 that respond to classification. Finally
they compared ID3 and C4.5, which confirmed that the most
powerful and preferred method in machine learning is
certainly C4.5.

One of the major challenges in agriculture data analysis
is the prediction prognosis especially in pest data to
determine the control measures. In the current study the pest
data of Spodoptera spp. solitary larvae in soybean crop
collected throughout Maharashtra state under Crop Pest
--------------------------------------------------------------------------- 
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Surveillance and Advisory Project (CROPSAP) during
2009-2013 was used and various classifying techniques/
algorithms were tested to find out the suitable and effective
technique for classifying the pest data based on Economic
Threshold Level (ETL) in to four categories.  

MATERIALS AND METHODS

Classification technique plays a vital role in agricultural
data experiments, for purposes of classifying pest samples
and prediction using agricultural pest data. 

Data formats

In the present study the Spodoptera spp. pest data from
soybean crop recorded at farmers' fields from various
villages of Maharashtra under CROPSAP has been used. The
dataset can be in the form of a M x N matrix D, where the
row X={ x1,x2,x3… xm} represents the fields / villages and
column P={p1,p2,p3…, pn} represents pests as shown in
Table 1. Category column represents the actual class of the
pest sample based on Economic Threshold Level (ETL). For
the current study Spodoptera spp. solitary larvae data of
soybean crop is used, where they are classified based on ETL
of 4 larvae per metre row length as white (no pest is
observed), green (#1.99), yellow (2.00 to 3.99) and red
($4.00). 

a) Classification techniques: Han and Kamber (2005)
discussed that classification is a data mining technique which
assigns an object to one of several predefined categories
based on the attributes of the object. The input dataset
termed as the training data set (Spodoptera spp. solitary
larvae / metre row length in soybean), which contains the
number of predefined labels each having a number of
attributes. The attributes are either continuous or categorical.
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The main aim is to use the training data set to build a model,
which can be used to classify unknown label data set. 

b) Decision tree: Han and Kamber (2005) have also stated
that Decision Tree is a supervised classification, which
predicts both the classifier and regression models.
Classification trees are mainly used to classify an object to a
predetermined class based on the attributes. Safavian and
Landgrebe (1991), surveyed classification techniques and
explained the classification trees. A Tree is a set of nodes, a
node with no incoming edge and zero or more outgoing edge
is called as Root, a node with exactly one incoming edge and
one or more outgoing edge is called as Internal node and all
other nodes are known as Leaf node which has exactly one
incoming edge and no outgoing edge. Using the Training set
the classifier model has been developed; testing set was
applied on the classification model to predict the previously
unknown class. 

C4.5 is one of the Decision tree Classification Algorithms
developed by Quinlan (1996 and 2014). It uses Gain ratio as
a Splitting Criteria by calculating entropy and splitting
information of an attribute. It can handle numeric attributes
and missing values. The C4.5 decision tree classification is
faster than ID3 algorithm and also ID3 cannot deal with
missing values. Decision tree is constructed by examining a
set of training samples whose class labels are known. These
features of known samples are applied in order to determine
the properties of unknown samples. The C4.5 Classification
Algorithm provides accurate result, takes less memory space
for large data set, less time to build a model and short
searching time. 

c) Algorithm : Decision tree classification: Let the class
label be represented as {C1, C2,….,Ck}. There are number
of possibilities for the content of the set of training samples
T in the given node of decision tree. If S is any set of
samples, let ƒ(Ci,S) stand for the number of samples in S that
belong to class Ci (out of k possible classes), and  |S| denotes
the number of samples in the set S. Then the entropy of the
set S:

After set T has been partitioned in accordance with n
outcomes of one attribute test X:

Criterion: then select an attribute with the highest gain value
Gain(X)=Inƒo(T)-inƒox (T)

Input:
D, Training dataset with class labels

Output:
Generates Decision tree Classification model for predicting
results.

Classification Model Construction Procedure:

Begin 
Step1. Read the training dataset from agricultural pest data
Step2. Compute entropy value for all attributes
Step3. Select best attribute having highest gain ratio according to the entropy value 
Step4. Create a decision node based on the best attribute in step 3
Step5. Split the dataset based on newly created decision node in step 4
Step6. For all sub-dataset in step 5, call the algorithm recursively to get a sub-tree
Step7. Attach the tree obtained in step 6 to the decision node in step 4
Step8. Return tree
Step9. Decision tree Classification model for predicting result is the output
End

RESULTS AND DISCUSSION

In this study the above discussed method has been
implemented with the soybean Spodoptera spp. pest data set
collected from CROPSAP Project of Maharashtra. The
experimental research was implemented using R statistical
language. The R software can be downloaded from the link
https://cran.r-project.org/. The experimental dataset has huge
volume of data regarding the pests and other relevant
information. The research implements the decision tree
classifications and other traditional classification algorithms
for the soybean pest dataset. Confusion matrix is a
visualization tool which is commonly used to present the
accuracy of the prediction. The confusion matrix is
represented in table 2.  

The confusion matrix is used to show the relationship
between outcomes and predicted classes. The effective
classification model is calculated with number of correct and
incorrect classifications for each possible value of the
variable being classified in the confusion matrix. The
accuracy of a classifier for a given test set is the percentage
of test set tuples that are correctly classified by the classifier. 

In this study the various classification techniques have
been applied and experimented with the Spodoptera spp.
solitary larvae data set of soybean. The Classification System
of decision tree (C4.5) on agriculture data is shown in Figure
1. Normally the classification techniques are divided into two
parts such as training phase and test phase. This represents
the classification and prediction step of the present system.
Initially the agriculture pest data has been passed as training
data set. The best attributes has been selected using entropy
value and selected attributes have been used to generate the
tree and form the classification model. Finally the test data
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have  been passed into the classification model and predict
the pest level from the agriculture soybean data set. The
Figure 2 represents the visualization of the classification
based on ETL. Here the Spodoptera spp. solitary larvae data
is classified, such as green, white and yellow based on the
ETL values as explained in the previous section.

Table 1 Agriculture pest data format

Samples
Attributes Category by ETL

value for respective
pestPest1 Pest2 … Pestn

x1 p(1,1) p(1,2) … p(1,n) White
x2 p(2,1) p(2,2) … p(2,n) Green
x3 p(3,1) p(3,2) … p(3,n) Yellow
… … … … … Red
… … … … … Green
xm p(m,1) p(m,2) … p(m,n) Yellow

Table 2 Confusion matrix

Actual Class
Predicted Class

TP FN
FP TN

The accuracy of the different classifiers on the soybean
pest dataset is presented in Table 3, indicated that C4.5
(decision tree) classification method is highly effective with
78 per cent accuracy. This was followed by Naïve Bayes and
kNN algorithms each with 72 per cent accuracy. Ripper and
oblique (decision trees) and LDA algorithm had 60, 50 and
46 per cent accuracy respectively. The Figure 3 represents
the comparative analysis of the decision tree classification
performance with traditional classification algorithm. The
various classification algorithms are tested with Iris Flower
bench mark dataset and tested how it was performing with
Decision tree classification algorithms. Finally, the
classification algorithms are tested with soybean pest dataset
and calculated classification performance using accuracy
measures. Thus from the accuracy measures for the
classification algorithms for the Iris Flower dataset and
soybean pest dataset, it can be observed that C4.5, Naïve
Bayes and kNN classifiers are more accurate than the other
classifiers. Priyam et al. (2013) and Hssina et al. (2014) also
confirmed the same. Also, the oblique decision tree classifier
and LDA classifier is the least accurate for both the datasets.
C4.5 is used in classification problems and it is the most used
algorithm for building Decision tree. It is suitable for real
world problems as it deals with numeric attributes and
missing values. The algorithm can be used for building
smaller or larger, more accurate decision trees and the
algorithm is quite time efficient. Compared to ID3, C4.5
performs by default a tree pruning process, which leads to
smaller trees, more simple rules and more intuitive
interpretations. For the classification of agricultural pest data
in to different classes C4.5 can be used, which gives more

accurate classification system, thus enabling us to quickly
classify the large volume of data into different classes
assisting in quick pest management decision making.

Table 3 Accuracy of different methods on agriculture data 

Method Accuracy on Agriculture data
C4.5 (Decision Tree) 78 %
RIPPER (Decision Tree) 60 %
Oblique (Decision Tree) 50 %
Naïve Bayes 72 %
kNN 72 %
LDA 46 %

Fig. 1. The classification approach on agriculture data

Fig. 2. Decision tree for pest data
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Fig. 3. Comparative analysis of different methods on soybean pest data
and Iris flower data set
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ABSTRACT

Genetic diversity is essential for crop genetic improvement. Genetic diversity among breeding lines helps
breeders in selecting parents for hybrid production with maximum heterosis and combining useful genes in a genetic
background. However, heterosis levels in castor hybrids are not up to the desired extent due to narrow range of
diversity between male and female lines and development of parents from few common sources. The objective of
the study was to assess the diversity and genetic relationship of castor pistillate lines using EST-SSR markers. Sixty
percent of the SSR used were polymorphic and 59 alleles were observed with an average of 2.4 alleles per locus.
Dice similarity coefficient of UPGMA cluster analysis was used to construct dendrogram and observed five clusters.
The Dice coefficient ranged from 0.48 to 0.84. Low level of genetic variation was observed in castor at DNA level
with SSR markers.

Keywords: Castor, EST-SSRs, Genotypes, Pistillate lines

Castor (Ricinus communis L.) is one of the ancient
oilseed crops of the world. It is a Euphorbiaceous plant
belonging the monospecific genus Ricinus. Castor is
considered to be native of tropical Africa, but is cultivated in
many tropical and subtropical regions of the world (Goverts
et al., 2000). It is one of the most important non-edible
oilseed crop and is mainly grown for castor oil and cake
which are primarily used in industries. Genetic diversity is
essential for crop genetic improvement and thus the most
important consideration in any plant breeding programme.
Genetic diversity among breeding lines helps breeders in
selecting parents for hybrid production with maximum
heterosis and combining useful genes in a genetic
background (Kavani et al., 2016). However, heterosis levels
in castor hybrids are not up to the desired extent due to
narrow range of diversity between male and female lines and
development of parents from few common sources. As there
is no source for CMS system in castor, the success of castor
hybrids relied on the development of VP-1 from TSP-10 R,
an exotic source pistillate line from USA. Limited studies on
pistillate mechanism indicated the role of recessive genes in
N type, dominant and epistatic effects in S type and a
combination of N and S type in NES type. Diversification of 
pistillate source was necessitated due to genetic homogeneity
caused by VP-1 and its derivatives in majority of the
pistillate lines developed in India (Lavanya, 2002). 
Diversified sources like DPC11, DPC17 and DPC19 were
developed either from germplasm accessions or hybridization
between diverse sources (Lavanya, 2009). Studies on genetic
diversity of the different sources of pistillate and male lines
(breeding lines) are essential to diversify the base of parental
------------------------------------------------------------------------- 
*Email: ushakiran.b@icar.gov.in 

material to avoid the genetic vulnerability to major diseases
like Fusarium wilt and Botryotinia grey mold and ultimately
help in increasing the heterosis and productivity of the crop
to the desired extent. 

The genetic diversity of castor genotypes have been
characterized based on morphological traits, agronomic
characters, biotic and (or) abiotic stress and (or) biochemical
characteristics (Anjani et al., 1999; Rao et al., 2003; Sunil et
al., 2005; Lavanya and Gopinath, 2008; Rajiv Kumar et al.,
2015) and also DNA markers (Wang et al., 2007; Allan et
al., 2008; Bajay et al., 2009; Foster et al., 2010; Qiu et al.,
2010; Vividik et al., 2014; Kanti et al., 2015). In the present
study, we examined the genetic diversity of castor genotypes
using EST-SSR markers with an aim to assess genetic
diversity among pistillate lines which are more prominently
used in the crossing programme and to select diverse lines
for use in hybrid development. 

Twenty genotypes were selected to evaluate genetic
diversity using EST-SSR markers and provide information
for the castor breeding programmes (Table 1). The seed
samples were obtained from ICAR-Indian Institute of
Oilseeds Research (IIOR), Hyderabad. Genomic DNA was
extracted from bulk sampling of a minimum of ten individual
plants for all genotypes, following the procedure described
by Doyle and Doyle (1987).  Forty SSRs (Pranani et al.,
2011) were used for screening the genotypes. DNA
amplification was performed in the Master cycler Gradient
Eppendorf version 2.1 (Eppendorf, USA) programmed
according to Williams et al. (1990) with minor
modifications. DNA was pre-denatured at 94°C for 5 min
followed by 35 cycles of denaturation at 92°C for 30 sec,
primer annealing at 56°C for 30 sec and primer extension at
72°C for 30 sec. The last cycle was followed by final
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extension at 72°C for 7 min. The amplified products were
electrophoresed in 6% polyacrylamide sequencing gels. Data
was scored for different alleles and analysesd using NTSYS
(Rohlf, 1992). The similarity matrices were constructed for
each marker type. The corresponding dendrograms were
constructed by applying unweighted pair group method with
arithmetic mean (UPGMA) clustering algorithm. The number
of polymorphic bands/alleles (n) and polymorphic
information (PIC) were calculated as described by Tessier et
al. (1999).

Table 1 List of castor genotypes used for genetic diversity studies

Genotype 
Sex
expression 

Morphological characters 

DPC-9 Pistillate Green, spiny, zero bloom, normal plant type 

DPC-19 Pistillate Green, spiny, double bloom, normal plant type 

DPC-21 Pistillate Green, spiny, double bloom, normal plant type 

VP-1 Pistillate Green, spiny, triple bloom, dwarf plant type 

M-568 Pistillate Green, spiny, triple bloom, dwarf plant type 

M-574 Pistillate Green, spiny, triple bloom, dwarf plant type 

DPC-16 Pistillate Red, spiny, zero bloom, normal plant type 

DPC-17 Pistillate Red, spiny, zero bloom, normal plant type 

DPC-15 Pistillate Red, non-spiny, double bloom, dwarf, 
papaya leaf type 

NES-6 Pistillate Red, non-spiny, double bloom, normal plant type 

NES-22 Pistillate Red, non-spiny, double bloom, dwarf plant type 

Geetha Pistillate Red, non-spiny, double bloom, normal plant type 

DPC-18 Pistillate Red, non-spiny, double bloom, normal plant type 

DPC-20 Pistillate Red, non-spiny, double bloom, normal plant type 

DCS-107 Male Green, spiny, double bloom, normal plant type 

DCS-94 Male Green, spiny, triple bloom, normal plant type 

DCS-106 Male Green, non-spiny, double bloom, normal plant type 

DCS-89 Male Red, non-spiny, double bloom, normal plant type 

DCS-105 Male Red, spiny, triple bloom, normal plant type 

DCS-78 Male Green, spiny, double bloom, normal plant type 

Out of 40 EST-SSR markers screened 24 (60%) were
polymorphic, whereas 16 loci were monomorphic. A total of
59 polymorphic alleles were detected, and the number of
alleles detected on a single locus ranged from 1 to 3, with an
average of 2.4 alleles per locus. The molecular size of the
alleles ranged from 154 to 298 bp. The highest number of
alleles (3) was observed with nine primers (CES06, CES09,
CES10, CES28, CES49, CES61, CES65, CES123, and
CES143). The observed allelic frequencies ranged from 0.1
to 0.9, with an average of 0.45. 

Genomic DNA markers have been extensively used
genetic diversity studies in castor. These included gSSRs
(Bajay et al., 2009 ), gSSRs and AFLP (Allan et al.,, 2008),
RAPD, ISSRs (Bhavesh et al., 2010) and SNP (Foster et al.,
2010) markers. Nine SSR loci showed higher than average
number of alleles 2.4 per locus, respectively. The genetic
distance and allelic diversity is low among the castor
genotypes studied. Allan et al. (2008) also found low allelic
diversity; the nine SSR loci yielded 28 alleles total with an
average of 3.1 alleles per locus and found limited genetic
diversity and structure for populations in genome wide
diversity studies in castor. Nybom (2004) also reported low
genetic diversity in castor. The number of polymorphic
bands/alleles and polymorhic information (PIC) was
presented in Table 2. The PIC values ranged from 0.19 to
0.70 with a mean of 0.44 for SSRs.

Dice similarity coefficient of UPGMA cluster analysis
was used to construct a dendrogram which illustrated the
overall genetic relationship among the 20 castor genotypes.
The dice coefficient ranged from 0.48 to 0.84.The
dendrogram resulting from the NTSYS-pc version 2.02 was
depicted in Fig. 1. The analysis classified the set of parental
lines into five major clusters (I, II, III IV and V). The first
cluster included 5 genotypes while the second and third
clusters consisted of 7 and 5 genotypes, respectively. The
fourth cluster was sub classified into two clusters IVA and
IVB with two genotypes each. The fifth cluster is monotypic
with single genotypes (DCS 78). There are two major
sources of pistillate expression viz., S and NES type based on
their genetic basis and mechanism of pistillate expression
(Ankineedu and Rao, 1973; Lavanya and Solanki, 2010).
The first cluster consists of the non-revertant pistillate line
DPC-9 with distinct characters was used in the development
and release of two hybrids like DCH-177 and YRCH-1 and
DPC 19, DPC 21, DPC-20 and Geetha which has 48-1
background. The second cluster consists of 6 pistillate lines
and one male line (DCS-106). It includes NES6, NES22 and
DPC-15 and DPC-16, which were developed using NES
source of pistillate line (Lavanya and Solanki, 2010).
DPC-17 is a new pistillate line, cross derivative of M-619 x
JI-225 is a revertant type of pistillate line. It also consists of
one male line DCS-106 derived from a multiple cross
involving four F1s and six different parents. The third cluster
included first pistillate line of S type VP-1 and two mutant
lines M568 and M574 developed form VP-1 through
radiations. Interestingly, the fourth cluster consists of all
male lines viz., DCS 107, DCS 74, DCS 89 and DCS 105. 

In conclusion, low level of allelic diversity was observed
in castor lines studied even through morphologically they are
diverse. The finding of low genetic variation in castor at
DNA level reveal the use of alternative methods like
mutations, interspecific and intergeneric crosses to enhance
the genetic base of castor to enhance seed yield and oil
production and productivity. 
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Fig.1. Dendrogram resulting from an UPGMA cluster analysis of 20 castor genotypes based on Dice coefficient

Table 2 Number of polymorphic bands (n) and PIC values of
EST-SSR primers

Primer n PIC

CES-06 3 0.70

CES-09 3 0.70

CES-10 3 0.76

CES-15 2 0.50

CES-25 2 0.39

CES-28 3 0.61

CES-39 2 0.27

CES-48 2 0.19

CES-49 3 0.35

CES-56 2 0.44

CES-61 3 0.54

CES-65 3 0.43

CES-73 2 0.27

CES-80 2 0.48

CES-123 3 0.43

CES-125 2 0.27

CES-126 2 0.34

CES-128 2 0.39

CES-137 2 0.53

CES-140 2 0.27

CES-143 3 0.48

CES-157 2 0.52

CES-168 2 0.42

CES-170 2 0.51

Average 2.4 0.44
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ABSTRACT

Twelve hybrids were developed using four lines and three testers parents of safflower. Genetic purity of these
twelve safflower hybrids was tested using 7 ISSR primers which showed polymorphism between parents. ISSR
primers UBC 807, UBC 812, UBC 815, UBC 834, UBC 840, UBC 841 and UBC 842 could differentiate parents
and identify true hybrids in 2,4,1,1,1,2, and 2 crosses, respectively. Hybrid seed production in safflower is a
challenge due to easy selfing of female parents and thus degrades the quality of seed lot. These ISSR primers can
be used to test the hybrid purity in hybrid seed production.

Keywords: Hybrid genetic purity, ISSR, Safflower

Safflower (Carthamus tinctorius L.) is an oilseed crop
that belongs to the family Asteraceae. The genus Carthamus
has 25 species, of which C. tinctorius is the only cultivated
one, and has 2n = 24 chromosomes. It is dicotyledonous,
herbaceous, and annual plant. It has adapted to grow in hot,
dry climates and well-drained soil. Safflower is mainly
cultivated for its seed, which is used primarily for edible oil.
In the past, the crop is grown for its flowers used for coloring
and flavoring foods, making dyes and medicine (Suneel
Kumar et al., 2016). In recent years, development of high
yielding cultivars has been a major objective of safflower
breeding in order to overcome the constraints during
safflower cultivation. There exists abundant variability
among the safflower germplasm collections for various traits
which need to be harnessed for breeding high yielding
varieties. However, the proper and precise utilization of these
lines in breeding programmes depends on their
characterization for qualitative and quantitative traits.
Information on nature and degree of genetic divergence
would help the plant breeders in choosing the right type of
parents for purposeful hybridization. The importance of
selection of parents on the basis of genetic distance to get
heterotic effect in F1 generation and higher frequency of
better segregants in subsequent generations has been reported
by earlier researchers in oilseed crop like linseed.
Mahalanobis D2 statistics (1936) as described by Rao, (1952)
has been successfully used by plant breeders in different
crops for isolating genetically diverse genotypes. In the
present study an attempt has been made to utilize this useful
technique for selection of parents for hybridization in
safflower breeding programme.

Inter-simple sequence repeats (ISSR) PCR using primers
based on dinucleotide, tetranucleotide or pentanucleotide
repeats has now become in fashion among the researchers
(Zietkiwicz et al., 1994). For its advantages of simple
procedure, low cost, good stability, high reproducibility,

ISSR marker has been successfully used in genetic mapping
(Tanyolac, 2003), germplasm identification (Potter et al.,
2002) and genetic diversity analysis (Wu et al., 2005). Until
now, few studies have been carried on the genetic variations
of C. tinctorius using RAPD markers (Guo et al., 2003;
Amiri et al., 2001) and isozymes (Zhang, 2000). The
objective of the presented study is to assess the genetic
diversity of 13 parents through ISSR marker and assess the
hybrid purity of F1's of these parents. 

Table 1 Enlist of parents and crosses in L x T design

Lines

GMU 224

MMS-white (GMS line)

MSV-10-5-1 (GMS line)

TMS-3-6-7-9 (TGMS line)

Testers

GMU 1303

GMU 1769

RVS-2012-13

Crosses

GMU 224 x GMU 1303

GMU 224 x GMU 1769

GMU 224 x RVS-2012-13

MMS-white x GMU 1303

MMS-white x GMU 1769

MMS-white x RVS-2012-13

MSV-10-5-1 x GMU 1303

MSV-10-5-1 x GMU 1769

MSV-10-5-1 x RVS-2012-13

TMS-3-6-7-9 x GMU 1303

TMS-3-6-7-9 x GMU1769

TMS-3-6-7-9 x RVS-2012-13
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The experimental material for the present study
comprised 7 parents and 12 F1s were planted in 2013-14 at
the Research cum Instructional Farm of Indira Gandhi Krishi
Vishwavidyalay, Raipur. Experiment was laid out in a
randomized complete block design. The names of the 7
parents and 12 F1s are given in Table 1. Genomic DNA was
extracted from young leaves following the cetyl tri methyl
ammonium (CTAB) procedure described by Saghai-Maroof
et al. (1984). Extracted DNA concentration was quantified
by using the NanoDrop spectrophotometer and qualified
using PAGE. Eleven ISSR primers were used for the PCR
(Table 2).

Table 2 List of ISSR primers used for detecting polymorphism

ISSR PRIMERS PRIMER SEQUENCES

UBC 807 AGA GAG AGA GAG AGA GT

UBC 809 AGA GAG AGA GAG AGA GG

UBC 835 AGA GAG AGA GAG AGA GYC

UBC 824 TCT CTC TCT CTC TCT CG

UBC 840 GAG AGA GAG AGA GAG AYT

UBC 842 GAG AGA GAG AGA GAG AYG

UBC 834 AGA GAG AGA GAG AGA GYT

UBC 811 GAG AGA GAG AGA GAG AC

UBC 815 CTC TCT CTC TCT CTC TG

UBC 812 GAG AGA GAG AGA GAG AA

UBC 841 GAG AGA GAG AGA GAG AYC

The amplified products were separated on 5%
polyacrylamide gel and stained with ethidium bromide.
Images were photographed and captured by Gel Doc
2000TM (Bio-Rad, USA). Amplified products were scored
by the presence or absence of male parent bands for the ISSR
markers. 

Eleven ISSR primers were also used to test the hybridity
of F1's. The seven primers which gave polymorphic results
with parents used to test the hybridity of F1's. ISSR primer
UBC 807, UBC 812, UBC 815, UBC 834, UBC 840, UBC
841 and UBC 842 were screened on all the hybrids. Result
of banding pattern for UBC 807 in cross between P3 and P2

(MMS-white X RVS-2012-13) had the fragment size of 500
bp and the band was present in F1 hybrid and male parent
i.e., RVS-2012-13 (P2) which ultimately shows that F1 hybrid
is a true hybrid P3 X P2 (MMS-white X RVS-2012-13) (Fig.
1). In another cross between P7 and P4 (TMS-3-6-7-9 X
GMU 1303) produced a band size of 550 bp which was also
present in F1 hybrid and male parent i.e., GMU 1303 (P4).
This proves the F1 is a true hybrid between the parent P7

(TMS-3-6-7-9)   and parent P4 (GMU 1303). All other
parents and hybrids showed monomorphic pattern with
primer UBC 807. In case of primer UBC 812, a cross
between P6 and P2 (MSV-10-5-1 X RVS-2012-13) produced
a fragment of 700 bp size which was present in F1 hybrid and
male parent i.e., RVS-2012-13 (P2) shows that the F1 is a true
hybrid between the female parent P6 (MSV-10-5-1) and male
parent P2 (RVS-2012-13). 

Fig. 1. Result of hybridity test through ISSR markers
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In another cross between P3 and P2 (MMS-white X
RVS-2012-13) produced a band size of 700 bp which was
also present in F1 hybrid and male parent i.e., RVS-2012-13
(P2). This shows that the F1 is a true cross hybrid between the
female parent P3 (MMS-white) and male parent P2

(RVS-2012-13). In another cross between P7 and P5

(TMS-3-6-7-9 X GMU 1769) produced a band size of 500
bp which was also present in F1 hybrid and male parent i.e.,
GMU 1769 (P5). This indicated that the F1 was a true hybrid
between the female parent P7 (TMS-3-6-7-9) and male parent
P5 (GMU 1769). In another cross between P7 and P2

(TMS-3-6-7-9 X RVS-2012-13) produced a band size of 700
bp which was also present in F1 hybrid and male parent i.e.,
RVS-2012-13 (P2). This showed that the F1 is a true hybrid
between the female parent P7 (TMS-3-6-7-9) and male parent
P2 (RVS-2012-13). All other parents and hybrids showed
monomorphic pattern for primer UBC 812.

In case of ISSR primer UBC 815, a cross between P6 and
P5 (MSV-10-5-1 X GMU 1769) produced a fragment of 650
bp size which was present in F1 hybrid and male parent i.e.,
GMU 1769 (P5) shows that the F1 is a true cross hybrid
between the female parent P6 (MSV-10-5-1) and male parent
P5 (GMU 1769) ). All other parents and hybrids showed
monomorphic pattern for primer UBC 815. In case of UBC
834, a cross between P3 and P2 (MMS-white X
RVS-2012-13) produced a fragment of 400 bp size which
was present in F1 hybrid and male parent  i.e., RVS-2012-13
(P2) shows that the F1 is a true hybrid between the parent P3

(MMS-white) and parent P2 (RVS-2012-13). All other
parents and hybrids showed monomorphic pattern for primer
UBC 834.

In case of UBC 840, a cross between P3 and P4

(MMS-white X GMU 1303) produced a fragment of 450 bp
size which was present in F1 hybrid and male parent i.e.,
GMU 1303 (P4) shows that the F1 is a true hybrid between
the parent P3 (MMS-white)  and parent P4 (GMU 1303). All
other parents and hybrids showed monomorphic pattern for
primer UBC 840. In case of ISSR primer UBC 841, a cross
between P6 and P5 (MSV-10-5-1 X GMU 1769) produced a
fragment of 700 bp size which was present in F1 hybrid and
male parent i.e., GMU 1769 (P5) shows that the F1 is a true
hybrid between the parent P6 (MSV-10-5-1)  and parent P5

(GMU 1769). In another cross between P6 and P2

(MSV-10-5-1 X RVS-2012-13) produced a band size of 766
bp which was also present in F1 hybrid and male parent i.e.,
RVS-2012-13 (P2). This indicated that the F1 is a true hybrid
between the parent P6 (MSV-10-5-1) and parent P2

(RVS-2012-13). All other parents and hybrids showed
monomorphic pattern for primer UBC 841.

The ISSR primer UBC 842, when tested with hybrid
between P6 and P2 (MSV-10-5-1 X RVS-2012-13) produced
a fragment of 500 bp size which was present in F1 hybrid and
male parent  i.e., RVS-2012-13 (P2) showed that the F1 is a
true hybrid between the parent P6 (MSV-10-5-1) and parent
P2 (RSV-2012-13). All other parents and hybrids showed
monomorphic pattern for primer UBC 841.  In another cross

between P7 and P4 (TMS-3-6-7-9 X GMU 1303) produced a
band size of 550 bp which was also present in F1 hybrid and
male parent i.e., GMU 1303 (P4). This shows that the F1 is a
true hybrid between the parent P7 (TMS-3-6-7-9) and parent
P4 (GMU 1303). All other parents and hybrids showed
monomorphic pattern for primer UBC 842.

The result of experiment indicated that ISSR marker can
be used for identification of trueness of hybrids. This study
revealed the existence of sufficient variability among the
genotypes and improvement program either through selection
or through hybridization program has good scope.
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ABSTRACT

Three BC1F1 populations viz., TMV (Gn) 13 × GPBD 4, CO 7 × GPBD 4 and TMV 2 × GPBD 4 along with their
parental lines of groundnut were evaluated for variability, heritability and genetic advance. High magnitude of PCV
and GCV coupled with broad sense heritability and genetic advance as per cent of mean for these characters studied
such as number of pods per plant, shell weight per plant, rust disease score, late leaf spot (LLS) disease score, pod
yield per plant and kernel yield per plant in all the populations. So, it could be concluded that these characters were
under the control of additive type of gene action and hence selection may be effective for these traits in these
populations.

Keywords: Back cross, Genetic variability, Groundnut, Heritability, Late leaf spot, Rust 

Groundnut (Arachis hypogaea L.) is one of the most
important oilseed crops of India. Even though India ranks
first in area, its production and productivity was low due to
several biotic and abiotic factors (Basha et al., 2016; Mondal
and Badigannavar, 2016). Among the biotic stresses, the two
fungal diseases viz., late leaf spot (LLS) caused by
Cercosporidium personata [(Berk. and Curt.) Deighton] and
rust caused by Puccinia arachidis Speg. are widespread and
economically more important. These diseases often occur
together and cause yield loss up to 50-70% in the crop
(Subrahmanyam et al., 1985). Therefore, the use of
groundnut varieties resistant to late leaf spot and rust are
considered important and an effective way to manage these
diseases. Development of cultivars resistant/tolerant to rust
and late leaf spot could be effective in decreasing the
production costs, improving production quality and reducing
the detrimental effects of chemicals on our ecosystem.
Genetic variability is the basic requirement for crop
improvement as it provides wider scope for selection
(Bhargavi et al., 2016; Sreenivasulu et al., 2015).
Knowledge of association among quantitative characters and
foliar diseases score will enable the breeders to create new
variations by effecting crosses between carefully   chosen  
parents   and to  suggest  about the direction and intensity of
selection for the matter. In such cases, creation of new
variability through hybridization followed by selection is the
best option for the improvement of crop plants. With this
framework, hybridization were attempted to develop three
rust and LLS  disease resistance introgressed BC1F1

population to study the extent of variability, heritability and
amount of genetic gain expected to occur during the selection
for yield parameters and foliar disease resistance. Heritability
-------------------------------------------------------------------------- 
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is the portion of phenotypic variation which is transmitted
from parent to progeny. Higher the heritable variation,
greater will be the possibility of fixing the characters by
selection. Hence, heritability studies are of foremost
importance to judge whether the observed variation for a
particular character is due to genotype or due to
environment. Heritability estimates may not provide clear
predictability of the breeding value. For predicting the effect
of selection, heritability estimates along with genetic advance
are more useful than the heritability estimates alone (Burton,
1952; Johnson et al., 1955). With this background, the
present study was planned to assess the selection potential
for kernel yield and component characters with foliar fungal
disease resistance in the back cross derived progenies.  

The experimental material for the present study
comprised of 155 plants [44 from TMV (Gn) 13 × GPBD 4,
87 from CO 7 × GPBD 4 and TMV 2 × GPBD 4] of three
BC1F1back across populations by crossing recurrent parents
viz., TMV (Gn) 13, CO 7 and TMV 2 with a resistant donor
GPBD 4 [derived from the cross KRG 1 × CS 16 (Gowda et
al., 2002)]. Recurrent parents were susceptible to rust and
late leaf spot diseases but having highest pod yield and oil
content. The donor parent is resistance to rust and LLS
diseases. Observations were recorded on each individual
plant. Parameters considered in the present study were
number of pods per plant, hundred-pod weight (g),
hundred-kernel weight (g), shelling weight (g), shelling per
cent, sound mature kernel, rust and LLS disease score, pod
yield per plant (g) and kernel yield per plant (g). 

Disease scoring for rust and LLS was carried out at
Department of Oilseeds, TNAU, Coimbatore, India during
rabi/summer 2016. Both recurrent and donor parental
genotypes were also sown as control. The genotypes were
subjected to field screening for rust and LLS reaction using
infector row technique (Subrahmanyam et al., 1995) in which

J. Oilseeds Res., 33(3) : 196-200, September, 2016 196



ASSESSMENT OF VARIABILITY FOR YIELD AND REACTION TO FUNGAL DISEASES IN GROUNDNUT

Co Gn 4 and TMV 2 were planted at regular interval of 10
rows and on border rows around the field to maintain
effective inoculum load. Disease scoring for rust and LLS
was done at 90 days after sowing by using a modified 9-point
scale (Subrahmanyam et al., 1995). Statistical methods
suggested by Burton (1952) for variability, Lush (1940) for
heritability, Johnson et al. (1955) for genetic advance as per
cent of mean were adopted to find out the respective
estimates. Further categorization of estimates was made
based on the suggestions of Sivasubramanian and
Madhavamenon (1973) for variability (< 10% - Low;
10-20% - Medium; > 20% - High), .Johnson et al. (1955) for
heritability (< 30% - Low; 30-60% - Moderate; > 60 - High)
and genetic advance as percent of mean (< 10% - Low;
10-20% - Medium; > 20% - High).

A survey of genetic variability with the help of suitable
parameters such as genotypic coefficient of variation,
heritability estimates, genetic advance are absolutely
necessary to start an efficient breeding program (Atta et al.,
2008). The genetic variability studies in back cross derived
progenies of three crosses indicated high mean and wider
range for all the traits under evaluation. This suggested the
existence of sufficient genetic variability in these
populations. Narrower difference between the values of GCV
and PCV indicated that the environmental effect was small
for the expression of these characters and these traits are
governed by additive gene action (Abinasa et al., 2011;
Vijayakumar et al., 2013).

The general mean value for each trait, range among the
progenies and estimates of genetic parameters like
phenotypic and genotypic coefficient of variation, heritability
and genetic advance as per cent of mean for different
characters of three back cross populations are presented in
Tables 1 and 2. All the three back cross derived progenies
recorded the high estimates of PCV and GCV for all the
traits except viz., hundred-pod weight, shelling per cent and
sound mature kernel suggested that there is a high phenotypic
and genotypic variation for all the traits except these three
traits. This indicates that there is an ample scope for
selection of promising plants from the present population for
yield and its components. Shoba et al. (2009), Sawargaonkar
et al. (2010), Anitha (2013), Thirumala et al. (2014) and
Prabhu et al. (2015) also reported high genetic variability for
yield and its component characters in segregating generations
of groundnut. 

The high estimates of PCV and moderate/high GCV were
observed for hundred pod weight in all the three back cross
derived populations. This result was accordance with
findings of Ali et al. (2000) and Ladole et al. (2009).
Moderate/low estimates of PCV and low/moderate of
estimates GCV were recorded for shelling per cent and sound
mature kernel in the progenies of all the three back cross
populations. This suggested the reduced level of variability

for these traits and difficulty of manipulating these traits
through plant breeding. Therefore, selection would be
ineffective. These results are in accordance with the findings
of Khedikar et al. (2008), Hiremath et al. (2011) and Prabhu
et al. (2015).  

High PCV and GCV were recorded for rust and LLS
incidence, indicating that there is high variability and ample
scope for selecting rust and LLS resistant segregants from
these populations. The results are similar with the findings of
Yadawat et al. (2015) in rust score in F2 population of wheat,
Prabhu et al. (2015) for rust and LLS score and Khedikar
(2008) for LLS score in RIL population of groundnut. 

Heritability is a significant parameter for the selection of
an efficient population improvement method. Single plant
selection in the earlier generations may be much effective for
a character if the trait that is highly heritable.  The high
estimates of heritability were observed in the present study
for yield and yield related traits like number of pods per
plant, shell weight per plant, shelling per cent, pod yield per
plant and kernel yield per plant in all the three back cross
populations. This suggested that heritability is due to the
additive genetic effects and selection could be effective for
these traits and the possibility of improving kernel yield
through direct selection for kernel yield related traits. Anitha
et al. (2013) and Prabu et al. (2015), also reported high
heritability estimates for number of pods per plant, shell
weight per plant, shelling per cent pod and kernel yield per
plant, which support the present findings. Hence selection for
these traits is suggested to improve the yield.

Heritability estimates along with genetic advance are
normally more helpful in predicting the gain under selection
than heritability estimates alone (Johnson et al., 1955). High
heritability accompanied with high genetic advance as per
cent of mean was recorded for number of pods per plant,
shell weight per plant, pod yield per plant and kernel yield
per plant in all the crosses. This indicates the lesser influence
of environment on expression of these traits and prevalence
of additive gene action in their inheritance; hence selection
of these traits in breeding program would facilitate the
improvement of kernel yield. The present findings are in
agreement with the findings of Sawargaonkar et al. (2010),
Anitha (2013), Thirumala et al. (2014) and Prabhu et al.
(2015). 

Moderate/ high heritability coupled with moderate/ high
genetic advance as per cent of mean was recorded for sound
mature kernel, shelling per cent, hundred-pod weight and
hundred-kernel weight, which implies the existence of
additive gene effect in all the three backcross derivatives.
These results are in accordance with the findings of Ali et al.
(2000), Khedikar et al. (2008), Shoba et al. (2009), Ladole
et al. (2009), Hiremath et al. (2011) and Prabhu et al.
(2015). 
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Table 1 Mean, range, phenotypic and genotypic coefficients of variation, heritability (B.S.), genetic advance expressed as per cent of mean for different
characters of three back cross populations

Crosses Mean Range SE PCV GCV h2 (bs) GAM

Number of pods per plant

C1 24.22 5.00 - 33.00 1.10 30.53 25.70 70.90 46.97

C2 16.37 5.00 - 32.00 0.67 38.20 29.42 59.30 49.16

C3 15.29 4.00 - 32.00 1.32 42.36 33.37 62.08 57.06

100-Pod weight (g)

C1 67.38 34.50 - 97.60 2.19 21.76 14.46 44.16 20.85

C2 86.60 39.90 - 104.80 1.89 20.40 16.00 61.51 27.23

C3 56.97 24.70 - 104.90 3.65 31.39 24.80 62.43 42.52

100-Kernel weight (g)

C1 24.31 9.52 - 37.40 1.24 34.12 21.86 41.06 30.40

C2 41.64 13.20 - 54.00 1.23 27.62 23.00 69.35 41.56

C3 22.56 6.21 - 45.60 2.11 45.83 36.11 62.08 61.74

Shell weight per plant (g)

C1 6.51 2.23 - 9.91 0.31 31.86 26.35 68.39 47.29

C2 4.67 2.89 - 8.00 0.20 39.54 30.64 60.05 51.53

C3 3.84 2.99 - 8.14 0.38 48.10 37.32 60.19 62.83

Shelling (%)

C1 57.42 35.36 - 66.57 0.88 10.26 8.00 60.87 13.55

C2 64.73 49.08 - 90.67 0.73 10.45 8.76 70.33 15.95

C3 61.99 43.53 - 75.66 1.48 11.66 10.03 74.02 18.73

Sound mature kernel (%)

C1 90.82 60.00 - 100.00 1.41 10.39 8.31 63.88 14.41

C2 92.85 60.00 - 100.00 0.88 8.84 6.39 52.24 10.02

C3 90.16 75.00 - 100.00 1.87 10.15 7.96 61.56 13.56

Rust score

C1 1.66 1.00 - 3.00 0.10 33.24 25.94 60.89 43.92

C2 1.50 1.00 - 3.00 0.07 38.89 30.29 60.66 51.19

C3 1.79 1.00 - 2.50 0.14 34.53 26.90 60.74 45.51

LLS Score

C1 2.27 1.00 - 3.00 0.10 27.26 21.74 63.62 37.64

C2 2.64 1.00 - 4.00 0.08 27.80 23.96 74.29 44.82

C3 2.65 1.50 - 3.50 0.14 26.47 21.95 68.80 39.52

Pod yield per plant (g)

C1 18.25 6.53 - 27.60 0.82 30.18 23.58 61.07 39.99

C2 13.88 3.99 - 28.30 0.59 39.38 30.63 60.49 51.69

C3 12.25 2.06 - 18.62 1.11 44.39 34.41 60.06 57.86

Kernel yield per plant (g)

C1 9.35 1.22 - 16.58 0.53 38.31 29.72 60.18 50.02

C2 8.90 2.34 - 19.24 0.38 40.33 31.33 60.33 52.80

C3 9.44 1.05 - 15.20 0.74 56.61 44.41 61.56 75.62
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Table 2 Estimates of variability parameters for yield and foliar diseases in three BC1F1 generation of groundnut

Crosses Mean Range SE PCV GCV h2 (bs) GAM

Pod yield per plant (g)

C1 18.25 6.53 - 27.60 0.82 30.18 23.58 61.07 39.99

C2 13.88 3.99 - 28.30 0.59 39.38 30.63 60.49 51.69

C3 12.25 2.06 - 18.62 1.11 44.39 34.41 60.06 57.86

TMV (Gn) 13 17.80

CO 7 12.40

TMV 2 11.20

GPBD 4 14.65

Kernal yield per plant (g)

C1 9.35 1.22 - 16.58 0.53 38.31 29.72 60.18 50.02

C2 8.90 2.34 - 19.24 0.38 40.33 31.33 60.33 52.80

C3 9.44 1.05 - 15.20 0.74 56.61 44.41 61.56 75.62

TMV (Gn) 13 9.30

CO 7 8.55

TMV 2 8.21

GPBD 4 10.85

Rust score

C1 1.66 1.00 - 3.00 0.10 33.24 25.94 60.89 43.92

C2 1.50 1.00 - 3.00 0.07 38.89 30.29 60.66 51.19

C3 1.79 1.00 - 2.50 0.14 34.53 26.90 60.74 45.51

TMV (Gn) 13 3.82

CO 7 3.60

TMV 2 4.00

GPBD 4 2.00

LLS Score

C1 2.27 1.00 - 3.00 0.10 27.26 21.74 63.62 37.64

C2 2.64 1.00 - 4.00 0.08 27.80 23.96 74.29 44.82

C3 2.65 1.50 - 3.50 0.14 26.47 21.95 68.80 39.52

TMV (Gn) 13 3.70

CO 7 4.00

TMV 2 3.60

GPBD 4 2.50

C1: TMV (Gn) 13 × (TMV (Gn) 13 × GPBD 4);   C2: CO 7 × (CO 7 × GPBD 4);  C3: TMV 2 × (TMV 2 × GPBD 4);      
PCV: Phenotypic coefficient of variation (%); GCV: Genotypic coefficient of variation (%); h2: Heritability;        
GAM:   Genetic advance expressed as per cent of mean; SE: Standard Error

    
For rust and LLS incidence, high heritability coupled

with high genetic advance as per cent of mean was recorded.
This suggested the effectiveness of selection for rust and LLS
resistance plants from these back crosses derived
populations. High GAM results are in accordance with
Shridevi et al. (2014) for rust score, Yadawat et al. (2015)
for rust score in F2 population of wheat, Prabhu et al. (2015)

for rust and LLs score and Khedikar (2008) for LLS score in
RIL population of groundnut. 

On the basis of above findings, it is evident from the
present finding that substantial genetic variability was
envisaged for yield and its component traits in all the three
BC1F1 population of crosses viz., TMV (Gn) 13 × GPBD 4,
CO 7 × GPBD 4 and TMV 2 × GPBD. It also exhibited high
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heritability coupled with high genetic advance as per cent of
mean for number of pods per plant, 100-pod weight, shell
weight per plant, pod yield per plant, kernel yield per plant
and rust and LLS resistance. Therefore, these traits should be
taken into account while selecting superior and desirable
plants for further evolving high yielding and rust and LLS
resistant genotype in groundnut. 
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ABSTRACT

Ninety genotypes of sunflower were evaluated for the estimation of correlation and path analysis. Data were
recorded for yield and its component traits viz., days to 50% flowering, days to maturity, duration of reproductive
phase, plant height, stem girth, head diameter, 100-seed weight, seed filling percentage, hull content (%), protein
content (%), oil content (%) and seed yield per plant (g). The seed yield per plant showed positive and significant
correlation with seed filling percentage, head diameter, oil content and 100-seed weight showed negative correlation
with days to 50% flowering, days to maturity and hull content. This shows that head diameter, 100-seed weight, seed
filling percentage and oil content are the major yield contributing traits to be given more selection pressure for
improving yield. The path coefficient analysis showed that 100-seed weight had the highest direct and positive effect
on seed yield per plant followed by head diameter, plant height and oil content had positive direct effects on seed
yield. So, direct selection of genotypes for seed yield through these traits may be effective.

Keywords: Correlation and path analysis, Genotypes, Sunflower 

Sunflower (Helianthus annuus L.), belonging to the
family 'Asteraceae' is an important oilseed crop and is the
preferred source of oil for domestic consumption and
cooking worldwide (Hu et al., 2010). Sunflower has a great
potential in bridging the gap between the demand and supply
of edible oil in future as this oil is considered as good from
health point of view due to presence of polyunsaturated fatty
acids. In sunflower, seed yield and oil content are complex
traits which are affected by different factors which may act
individually or collectively. The knowledge of association of
several characters with yield and among themselves will be,
therefore, very essential for planning a successful breeding
programme (Chandirakala et al., 2015). The efficiency of
selection mainly depends on the direction and magnitude of
association between yield and its components. Correlation
describes the mutual relationship between the variables and
helps to improve different characters simultaneously. If
correlation between dependent and independent variable is
due to the direct effects of the character, it reflects a true
relationship between them and selection can be practiced for
such a character in order to improve the dependent variable.
But the actual contribution of each character can be provided
by partitioning of correlation coefficient into its direct and
indirect effects. Path coefficient analysis is a reliable
statistical technique which provides means not only to
quantify the inter relationships of different yield components 
but also indicate whether  the  influence is    directly
reflected in the yield or takes some other pathway for
ultimate effects. To better understand the cause and effect
relationship between different pairs of characters, the study
--------------------------------------------------------------------------- 
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of correlation in conjunction with path analysis is essential
(Vairam and Gnanamalar, 2016). Therefore, the path
coefficient analysis was also undertaken to understand the
direct and indirect effects of various traits on seed yield. 

Ninety sunflower genotypes selected from sunflower
germplasm maintained at the Oilseeds Section, Department
of Genetics & Plant Breeding, CCS Haryana Agricultural
University, Hisar were used for the experiment (Table 1).
The experiment was conducted at the Research Farm of CCS
Haryana Agricultural University, Hisar during spring, 2013.
All 90 genotypes were grown in a randomized block design
with three replications in single row plots of 3 m length,
keeping row to row distance of 45 cm and plant to plant
distance of 30 cm for each genotype. All the recommended
package of practices were followed to raise the crop.
Observations were recorded on the characteristics like days
to 50% flowering, days to maturity, duration of reproductive
phase, plant height at harvest (cm), stem girth (cm), head
diameter (cm), 100-seed weight (g), seed filling percentage,
hull content (%), protein content, oil content (%) and seed
yield per plant (g). Protein content of each genotype was
estimated using micro- Kjeldal method, whereas oil content
of seeds was determined by the method of AOAC (1995).

Seed yield is a quantitative character which is governed
by several contributing traits. Hence, it is important to
understand the association of different characters with seed
yield for enhancing the usefulness of selection criterion to be
followed while developing varieties. Estimates of genetic
association along with phenotypic correlation show the
inherent association as well as indicate the level of
phenotypically expressed correlation influenced by the
environment.  Correlation between different characters could
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arise due to linkage or pleiotropy. Correlation due to linkage
can be manipulated or changed through recombination but it
could be impossible to overcome the correlation due to
pleiotropy. High magnitude of genotypic correlation
coefficient to that of phenotypic correlation coefficient
shows a good amount of strong inherent association between
different attributes (Safavi et al., 2011). 

Days to 50% flowering exhibited positive correlation
with days to maturity, plant height, seed filling percentage
and protein content and negative correlation with duration of
reproductive phase, head diameter, oil content and seed yield
per plant (Table 2). Binodh et al. (2008) have reported the
similar results for seed yield. Head diameter had positive
correlation with 100-seed weight, oil content and seed yield
which confirmed the findings of Rao (2013) and Sujatha and
Nadaf (2013). Positive correlations of 100-seed weight were
observed with seed filling percentage and seed yield,
whereas negative correlation was observed with hull content.
Machikowa and Saetang (2008) also observed similar results
for seed yield. Oil content was found to be positively
correlated with seed yield. Similar findings were reported by
Chander and Sheoran (2014).

Seed yield exhibited positive correlation with head
diameter, 100-seed weight, seed filling percentage and oil

content and negative correlation with days to 50% flowering,
days to maturity and hull content. Similar results for one or
more characters were reported by Kumari and Sheoran
(2012) and Prabhakaran et al. (2013). These studies show
that head diameter, 100-seed weight, seed filling percentage
and oil content are the major yield contributing traits to be
given more selection pressure for improving yield.

The correlation coefficient indicates only linear
relationship existing between pair of characters. The path
analysis helps to resolve the correlations further and provides
a clear picture in which component traits contribute towards
dependent variable. The path coefficient analysis takes into
account the cause and effect relationship between the
variables which is unique in partitioning the associations into
direct and indirect effects through other dependent variables.
The critical evaluation of path coefficient table in which
diagonal values are direct effects and off-diagonal values are
indirect effects revealed that all the direct effects were less
than one which indicates that influences due to
multicolinearity were minimal (Gravois and Helms, 1992).
Partitioning of genotypic correlation between seed yield per
plant and its component characters revealed that the direct
effects were, in general, of higher magnitude than that of
their indirect effects for all the characters (Table 3).

Table 1 List of 90 genotypes selected for the study

1 ACGIP-1436 31 EC-601801 61 GPB-07
2 AKSFI-33 32 EC-601806 62 GPB-18
3 AKSFI-52-4 33 EC-601820 63 GPB-50
4 AKSFI-54-3 34 EC-601871 64 GPB-61
5 AKSFI-58-3 35 EC-601875 65 GPB-67
6 AKSFI-71 36 EC-601885 66 GPB-07-1
7 AKSFI-78 37 EC-601889 67 GPN-145
8 AKSFI-186 38 EC-601896 68 GPN-215
9 AKSFI-190 39 EC-601906 69 LSF-902

10 AKSFI-197 40 EC-601926 70 MR-6
11 CGP-17 41 EC-601935 71 NDR-2
12 CGP-39-1 42 EC-601953 72 P35R-PAU
13 CGP-112 43 EC-601957 73 RCR-22-2
14 CSF1-5311 44 EC-601963 74 RCR-24-11
15 CSF1-5313 45 EC-601971 75 RCR-39
16 CSF1-5317 46 EC-601974 76 RCR-72
17 DRSF-106 47 EC-623009 77 RHA-271
18 DRSF-120 48 EC-623013 78 RHA-859
19 EC-512673 49 EC-623015 79 RHA-298
20 EC-512674 50 EC-623016 80 RHA-2
21 EC-512676 51 EC-623017 81 RHA-3
22 EC-512684 52 EC-623019 82 R-101
23 EC-512687 53 EC-623020 83 R-102
24 EC-601746 54 EC-623024 84 R-103
25 EC-601747 55 EC-623025 85 R-105
26 EC-601748 56 EC-623026 86 R-107
27 EC-601755 57 EC-623028 87 1-OH-07-8
28 EC-601758 58 EC-623031 88 1-OH-07-62
29 EC-601767 59 EC-623032 89 1-OH-07-65
30 EC-601769 60 GPB-02 90 1-OH-07-108
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Table 2 Phenotypic (above diagonal) and genotypic (below diagonal) correlation coefficients among twelve characters in sunflower

Character
Days to

50%
flowering

Days to
maturity

Duration of
reproductive

phase

Plant height
(cm)

Stem girth
(cm)

Head
diameter

(cm)

100-seed
wt. (g)

Seed
filling

per cent

Hull
content

(%)

Protein
content

(%)

Oil
content

(%)

Seed yield/
plant (g)

Days to 50%
flowering

0.790** -0.155* 0.168** 0.110 -0.136* 0.024 0.308** 0.056 0.208** -0.136* -0.170**

Days to maturity 0.853 0.062 0.261** 0.128* -0.147* -0.219** 0.166** 0.132* 0.070 -0.090 -0.348**

Duration of
reproductive
phase

-0.13 0.075 0.094 -0.006 0.112 -0.004 -0.081 0.139* -0.233** 0.134* -0.045

Plant height
(cm)

0.188 0.276 0.111 0.144* 0.014 -0.038 0.012 0.053 -0.167** -0.025 -0.021

Stem girth (cm) 0.192 0.173 -0.063 0.16 0.234** 0.099 -0.097 -0.047 0.164** -0.193** -0.029

Head diameter
(cm)

-0.146 -0.223 0.184 -0.126 0.373 0.377** 0.016 -0.082 0.064 0.140* 0.468**

100-seed wt. (g) 0 -0.245 -0.013 -0.042 0.126 0.523 0.156* -0.195** 0.061 0.087 0.655**

Seed filling per
cent

0.345 0.174 -0.094 0.014 -0.127 0.024 0.163 -0.089 0.046 0.121* 0.128*

Hull content (%) 0.061 0.135 0.150 0.051 -0.077 -0.143 -0.219 -0.092 -0.319** -0.049 -0.215**

Protein content
(%)

0.221 0.077 -0.254 -0.179 0.215 0.113 0.068 0.044 -0.337 -0.047 0.043

Oil content (%) -0.171 -0.099 0.159 -0.039 -0.29 0.152 0.095 0.132 -0.062 -0.060 0.251**

Seed yield per
plant (g)

-0.190 -0.37 -0.05 -0.03 -0.026 0.600 0.711 0.119 -0.235 0.038 0.273

*, ** = Significant at 5% and 1% level of probability, respectively

Table 3 Path coefficient analysis of seed yield per plant with its component characters in sunflower

Character
Days to

50%
flowering

Days to
maturity

Duration of
reproductive
phase (days)

Plant
height
(cm)

Stem
girth
(cm)

Head
diameter

(cm)

100-
seed wt

(g)

Seed
filling

per cent

Hull
content

(%)

Protein
content

(%)

Oil
content

(%)

Genotypic
correlation
with seed
yield/plant

Days to 50%
flowering

0.036 0.031 -0.005 0.007 0.007 -0.005 0.000 0.013 0.002 0.008 -0.006 -0.190

Days to maturity -0.133 -0.156 -0.012 -0.043 -0.027 0.035 0.038 -0.027 -0.021 -0.012 0.016 -0.37

Duration of
reproductive phase
(days)

0.020 -0.012 -0.154 -0.017 0.010 -0.028 0.002 0.015 -0.023 0.039 -0.025 -0.05

Plant height (cm) 0.026 0.039 0.016 0.141 0.022 -0.018 -0.006 0.002 0.007 -0.025 -0.006 -0.03

Stem girth (cm) -0.044 -0.040 0.015 -0.037 -0.231 -0.086 -0.029 0.029 0.018 -0.050 0.067 -0.026

Head diameter (cm) -0.064 -0.098 0.081 -0.056 0.165 0.441 0.231 0.011 -0.063 0.050 0.067 0.600

100-seed wt. (g) 0.000 -0.112 -0.006 -0.019 0.058 0.238 0.456 0.074 -0.100 0.031 0.043 0.711

Seed filling (%) -0.006 -0.003 0.002 0.000 0.002 0.000 -0.003 -0.017 0.002 -0.001 -0.002 0.119

Hull content (%) -0.003 -0.007 -0.008 -0.003 0.004 0.008 0.012 0.005 -0.055 0.019 0.003 -0.235

Protein content (%) -0.003 -0.001 0.004 0.003 -0.003 -0.002 -0.001 -0.001 0.005 -0.014 0.001 0.038

Oil content (%) -0.020 -0.011 0.018 -0.005 -0.033 0.017 0.011 0.015 -0.007 -0.007 0.114 0.273

R square = 0.6902; Residual effect = 0.5566

100-seed weight had the highest direct and positive effect
on seed yield per plant, followed by head diameter, plant
height, oil content and days to 50% flowering thereby,
suggesting the usefulness of all these mentioned characters
for component selection method to improve seed yield per
plant in sunflower. Similar findings for one or more

characters were reported by Iqbal et al. (2013) and Zia et al.
(2013). The direct negative effects were observed for days to
maturity, duration of reproductive phase, stem girth, seed
filling percentage, hull content and protein content. 100-seed
weight, which showed highest direct effect, was also
contributing to yield indirectly through head diameter, seed
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filling percentage, stem girth, oil content (%) and protein
content (%). Head diameter also contributed to yield
indirectly through 100-seed weight, stem girth, oil content
(%) and duration of reproductive phase. The residual effect
(0.556) indicates that the component characters under study
were responsible for about 45% of variability in seed yield
per plant. So, from the combined results of correlation
coefficient and path analysis, it may be concluded that head
diameter, 100-seed weight, seed filling percentage and oil
content are the major yield contributing traits to be given
selection pressure for improving yield. Similar results were
reported by Deengra et al. (2010).

Positive and significant correlations of seed yield were
recorded with 100-seed weight, seed filling percentage, oil
content and head diameter which revealed that the selection
based on these traits would ultimately improve seed yield. It
is also suggested that hybridization of genotypes possessing
combination of above characters is most useful for obtaining
desirable high yielding segregation. Path coefficient analysis
revealed that the traits, 100-seed weight, head diameter, plant
height, oil content and days to 50% flowering had positive
and direct effects on seed yield per plant, while the
characters, days to maturity, duration of reproductive phase,
stem girth, seed filling percentage, hull content and protein
content showed direct negative effects. Hence, it would be
rewarding to lay stress on these yield contributing characters
for the improvement of yield. The results of correlation and
path coefficient analysis indicated that the traits, 100-seed
weight, head diameter, plant height and oil content should be
given due consideration while performing selection for seed
yield in segregating generations of sunflower.
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ABSTRACT

Field experiment was conducted at Main Agricultural Research Station, Raichur, Karnataka during rabi season
of 2015-16 to study the yield performance and economics of safflower and linseed intercropping system with
different row proportions. The results revealed that, among various intercropping systems safflower + linseed in 1:2
row proportion recorded significantly higher safflower equivalent yield of 1686 kg/ha followed by safflower +
linseed in 1:1 row proportion 1450 kg/ha. The land equivalent ratio was significantly highest in safflower + linseed
in 1:2 row proportion (1.20) followed by safflower + linseed in 2:1 row proportion (1.03). Higher net return was
recorded in safflower + linseed in 1:2 row proportion (` 23,212/ha) followed by sole linseed (` 19,376/ha) and sole
safflower (` 18,979/ha). However, higher B: C was recorded in safflower + linseed (1:2) row proportion (2.22).

Keywords: Intercropping system, LER, Linseed, Safflower

The productivity of dryland crops is very low because of
low and erratic rainfall, variation in soil fertility and
improper management of resources by the farmers. To bridge
this gap, crop diversification is required for increasing the
productivity and profitability per unit area per unit time
(Shubha et al., 2015). In Northern Karnataka linseed is
cultivating under rainfed area during rabi season as a sole
crop or mixed cropping with safflower and safflower without
proper row proportion but this proportion has no substantial
gain in productivity of linseed and difficulties in cultural
practices during crop growth. To increase the productivity of
cropping system under rainfed condition, investigation was
carried out to find out the remunerative intercropping system
to be productive and economically viable with suitable row
proportions.

Field experiment was conducted during rabi season of
2015-16 at Main Agricultural Research Station, University
of Agricultural Science, Raichur, Karnataka on medium
black soil under rainfed agro eco-system. The soil was
medium in organic carbon (5.3 g/kg), low in available
nitrogen (115.28 kg/ha), high phosphorous (59.21 kg
P2O5/ha) and high potassium (473.55 kg K2O /ha) with pH
(7.78). Safflower (cv. S-144) and linseed (cv. NL-115) were
intercropped in 1:1, 1:2, 2:1 and 2:2 row proportions and
both crops were grown as sole crop at their recommended
row spacing (60 cm for safflower and 30 cm for linseed)
along with mixed cropping of safflower and linseed totaling
seven treatments. The experiment was laid out in a
randomized complete block design with four replications.
Both the crops were sown simultaneously and recommended
dose of fertilizers were applied to sole crops and in
intercropping system. The components crops received
fertilizer at the time of sowing in proportion to their plant
density in the form of urea, DAP and MOP. The crops were

sown as per the row proportions during second fortnight of
October. The rainfall received during 2015-16 was 677.5
mm, while during cropping period, it was 95.5 mm. The
growth and yield observations were recorded from net plots
and seed yield of various crops were converted on hectare
basis in kilograms. The economics of each system was
computed with prevailing prices of each commodity during
the year. The yield was further computed in terms of
safflower equivalent yield, land equivalent ratio, gross
returns as well as B:C ratio to assess the system productivity
and viability. 

Seed yield of safflower was influenced significantly due
to intercropping systems with different row proportions and
plant population. Sole safflower recorded significantly higher
seed yield (1398 kg/ha) and it was on par with mixed
cropping of safflower and linseed (1298 kg/ha) and safflower
+ linseed (1:2) row proportion (1289 kg/ha). Reduction in
yield of safflower due to various intercropping combinations
were in the order of safflower + linseed (1:2), safflower +
linseed (1:1), safflower + linseed (2:2) and safflower +
linseed (2:1) (Table 1). Seed yield of safflower under
intercropping system was reduced to an extent of 85 per cent
in 2:1, 64.10 per cent in 1:2, 24.37 per cent in 1:1, 8.45 per
cent in 1:2 and 7.7 per cent in mixed cropping of safflower
and linseed as compared to sole safflower. Variation in the
safflower yield might be due to several causes viz., variation
in population levels, planting geometry, crop combinations,
inter and intra species competition for light, moisture,
nutrients, space, etc. Further, inter and intra species
competition for available resources owing to higher
population levels per unit area under intercropping systems
is another reason. Similarly, Manjithkumar et al. (2009) also
obtained lower yield of safflower under intercropping
systems. The lower seed yield of safflower was produced
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when it was intercropped with linseed in 2:2 row ratios as
compared to the rest of the treatment combinations.
Comparable seed yield of safflower could be attributed to
comparable performance of yield and growth component of
safflower. Superior values of yield in solitary stand of
safflower might be attributed to competition free
environment and optimum population level compared to
intercropping treatments. The results are in conformity with
the findings of Manjithkumar et al. (2009) and Gobade et al.
(2015), where they reported that yield of safflower and other
rabi crops were always highest in sole cropping system as
compared to other different intercropping system. 

Safflower when grown with linseed in mixed cropping
system attributed to higher values of yield components viz.,
number of seed per capitulum, seed weight per plant and test
weight. The other factor which indirectly influenced the seed
yield are growth attribute viz., number of leaves per plant,
leaf area, number of primary and secondary branches per
plant, dry matter accumulation and its distribution in various
plant parts. Thus, an attempt was made to identify and
analyse the growth components which have led to the
difference in the seed yield of safflower in light of
observation made on yield components, dry matter
distribution and growth attributes.

The seed yield of linseed showed significant variations
due to intercropping system. Linseed performed better under
pure stand compared to intercropping with varying row
proportions. Among intercropping system, linseed was
superior under safflower + linseed with different row
proportion and inferior under mixed cropping with safflower.
The variations in linseed yield could be attributed to
variation in the yield attributes and population levels. The
higher seed yield of linseed might be contributed by higher
number of capsules per plant, capsule weight (g), seeds per
capsule and test weight (g). The higher yield of linseed under
safflower + linseed (1:2) may be attributed to least
competition offered by safflower. These results are in
conformity with the findings of Sarkar et al. (2003). They
reported that, higher seed yield of linseed when intercropped
with lentil. Intercropping of lentil + linseed in 5:1 row ratio
resulted bonus yield of linseed.  

Crop equivalent yield is an important index for assessing
the performance of different crops under a given
circumstance. Based on the price structure, economic yield
of component crops is converted into base crop yield i.e.,
safflower equivalent yield (SEY). Safflower equivalent yield
showed marked differences due to intercropping system at
varying row proportion. The SEY was significantly higher in
safflower + linseed in 1:2 (1686 kg/ha) as compared to sole
crop of safflower followed by the safflower + linseed (1:1)
(1450 kg/ha) (Table 1). The higher SEY in safflower +
linseed (1:2) was due to higher yield obtained by both
safflower and linseed and higher market price of linseed.
These results are in conformity with the finding of Aladkatti

et al. (2011) and Prasad et al. (1993). Gobade et al. (2015)
reported higher safflower equivalent yield (SEY) in sorghum
+ safflower (2:1) (2322 kg/ha) intercropping system compare
to other row proportion. Lower SEY was recorded in
safflower + linseed (2:1) (1031 kg/ha), safflower + linseed
(2:2) (1144 kg/ha) and sole safflower (1398 kg/ha). This
might be due to less plant survival and absence of linseed in
case of sole safflower. The productivity of a cropping system
is mainly determined by the efficiency of the component
crops in utilization of resources. The overall productivity of
the intercropping of linseed with safflower relies on the main
crop as well as compatibility with other crops.  

Significantly higher LER was recorded when safflower
intercropped with linseed in 1:2 row proportion (1.20) when
compared to sole linseed (1.0) and sole safflower (1.0)
(Table 1). Result shows that the highest LER value was
achieved in safflower density of 8 plants/row and linseed
densities of 16 plants/rows (LER=1.10) which is equal to 10
per cent increase in agricultural profitability compared to
monocultures of two crops. The lower LER as 0.81 was
obtained in six safflower and 16 linseed plants. Reduction of
LER in higher densities can be due to inter-competition
between linseed and safflower, which was confirmed by
Hemayati et al. (2002). Similarly, Sarkar et al. (2003) also
reported higher LER under intercropping systems. Tanwar et
al. (2011) reported that intercropping systems of linseed with
chickpea were found more LER and advantageous than sole
cropping.

Significantly higher gross returns was recorded in
safflower + linseed in 1:2 (` 42,158/ha) and was followed by
safflower + linseed (` 36,242/ha) (Table 1). These results
confirmed by Deshpande and Sawant (1997), they reported
that gross returns was highest under toria + safflower (`
18,291/ha) and mustard + safflower (` 20,149/ha)
intercropping system of 6:2 row ratio followed by toria +
safflower (` 11,151/ ha) and mustard + safflower (`
17,210/ha) intercropping system of 4:2 row ratio.
Significantly lowest gross returns was noticed in safflower +
linseed (2:1) (` 25770/ha) these results were also confirmed
by Deshpande and Sawant (1997) reported that 6:2 row ratio
gave highest gross returns when it intercropped with linseed,
lentil and amaranthus. 

Significant difference observed with respect to net returns
among the various treatments comprising of row proportion.
Significantly higher net returns was recorded in safflower +
linseed in 1:2 (` 23,213/ha). The higher net returns from
these treatments was mainly because of higher yield level of
both the crops and higher market price of component crop as
compared to other treatment combinations. These results
confirmed by Deshpande and Sawant (1997), they reported
that net returns was highest under toria + safflower (`
14,037/ha) and mustard + safflower (` 14,937/ha)
intercropping system of 6:2 row ratio followed by toria +
safflower (` 11,551/ha) and mustard + safflower (`
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12,366/ha) intercropping system of 4:2 row ratio.
Significantly lower net return was noticed in safflower +
linseed (2:2) (` 8,123/ha) (Table 1). Similarly, this result
also conformity to result of Yaragattikar and Itnal (2002),
where safflower + ber gave higher net returns (` 16,485/ha)
as compared to sole safflower (` 5,485/ha). 

Benefit Cost ratio was varied among the treatments,
where higher B: C was recorded in safflower + linseed (2:1)
this could be attributed to lower cost of cultivation (Table 1).
The higher economical advantage of these intercropping
systems was due to higher seed yield from intercrops besides
higher market price. Similar results were reported by Korwar
et al. (1998), Deshpande and Sawant (1997) and
Yaragattikar and  Itnal  (2002).

Table 1  Seed yield of safflower, seed yield of linseed, safflower equivalent yield, LER and economics of the systems
as influenced by different row proportion and spacing

Treatment
Safflower seed
yield (kg/ha)

Linseed seed
yield (kg/ha)

SEY LER
Gross
returns
(Rs./ha)

Net returns
(Rs./ha)

B:C ratio

T1 – Safflower + linseed (1:1) 30 cm rows 1124 163 1450 1.03 36242 17638 1.94

T2 – Safflower + linseed (1:2) 30 cm rows 1289 199 1686 1.20 42158 23212 2.22

T3 – Safflower + linseed (2:1) 30 cm rows 755 138 1031 0.73 25770 8123 1.46

T4 – Safflower + linseed (2:2) 30 cm rows 852 146 1144 0.81 28596 11343 1.65

T5– Mixed cropping of safflower and linseed (100:20) 1298 61 1419 1.01 35483 18239 2.05

T6 – Sole safflower (60 cm x 30 cm) 1398 - 1398 1.00 34949 18979 2.18

T7 – Sole linseed   (30 cm x 5 cm) - 716 1433 1.00 35817 19376 2.17

S.Em.± 73 13.96 78 0.02 - 1093 0.11

CD (P=0.05) 224 43.01 240 0.06 - 3368 0.35
SEY - Safflower equivalent yield; LER - Land equivalent ratio
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