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Abstract

Thirty two genotypes of Nigella sativa L. were evaluated for three consecutive years which showed
significant differences for all the traits indicating high level of genetic variation. Heritability in broad sense
ranged from 0.28 to 0.98 and the highest heritability was calculated for days to maturity and days to flowers.
Grain yield was positively associated with plant height, capsule weight, capsule length, root length, whereas
negatively with capsule width and 1000-seed weight that required the use of novel breeding techniques to
break this undesired linkage to improve grain yield in N. sativa. Path coefficient indicated that direct effects
of all the traits were positive except days to first flower, days to 50% flowers, flowering duration, number of
capsules, root weight and harvest index. The characters exhibiting correlation along with direct effect towards
grain yield viz., days to maturity, capsule weight, capsule length and root length should be given more
preference while selecting high yielding N. sativa genotypes for future crop improvement programs.

Introduction

The genus Nigella contains 20 species of annual herbs indigenous to the Mediterranean and
west Asia region (Weiss 2002). N. sativa is cultivated from Morocco to Northern India, in sub-
Saharan Africa particularly Niger, and Eastern Africa (especially Ethiopia, Egypt, Tunisia),Europe
including Russia, North America and Iran (Cheikh-Rouhou et al. 2006, Gharby et al. 2015). In
South-East Asia, N. sativa seeds are used mainly for medicinal purposes. An evaluation and
comparison of the chemical and morphological characteristics of different regional types of N.
sativa is being compiled (Igbal et al. 2005, Igbal et al. 2013).

More than 60% people are still relaying on herbal medicines for their ailments and cures
across Asian continent. It is also used as food additive, an ingredient and supplementary food etc.
Generally seeds have been serving as food preservative and spice (Igbal et al. 2014). It is unique
underutilized crop having potential both for agriculturally important traits and industry. Its
evaluation and characterization at ex situ could accelerate genetic resources conservation efforts
and availability of unique genes to select high yielding generic lines.

N. sativa acts on the principle of immune system enhancement by natural healing process
(Morsi 2000, Salem and Hussain 2000). Traditionally it was used to treat fever, headache, anxiety,
diarrhea, asthma, and stroke (Mohammed et al. 2016). It increases body tone, stimulates menstrual
periods and increases the flow of breast milk (Hussain and Hussain 2016). It contains more than
100 bioactive constituents of both herbal as well as industrial importance (Igbal et al. 2014). It is
reported to be rich in essential fatty acids, sterols and higher concentration of thymoquinone (Piras
etal. 2013).

Examination of genetic variance is important for plant breeders in general and particularly in
a newly introduced crop like N. sativan (Igbal et al. 2010). Dong et al. (2001) advocated that new
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genotypes are important source to meet national oil and food demands as well as in the
development of commercial varieties. Correlation analysis provides information about the degree
of relationship between important plant traits and is also a good index to predict the yield response
in relation to the change of a particular character. Arshad et al. (2006) have expressed
apprehension about total reliance on yield component analysis. Study of direct and indirect effects
of yield and its components provide the basis for its successful breeding program. In the present
study, different genotypes of N. sativa for presenting data on genetic variation, correlation
coefficient and path analysis among various yield and yield contributing traits were analyzed.

Materials and Methods

Thirty two genotypes of Nigella sativa germplasm were evaluated under field conditions at
Plant Genetic Resources Program, National Agricultural Research Center, Islamabad, Pakistan
(33.40°N and 73.07°E; 540m) for three consecutive years, i.e., from 20011-12, 2012-13 and 2013-
14. Germplasm sowing was completed during last week of November and harvested in the end of
April each year. Two rows of 4 m length for each genotype with 30 cm distance were planted in
randomized complete block design (RCBD). All other cultural practices were followed throughout
the crop season (Anon. 2008).

Agronomic data for days to first flower, days to 50% flowers, days to maturity, flowering
duration were recorded on plot basis while plant height, biological yield, number of branches,
capsule weight, number of capsules, capsule length, capsule width, number of locules, root weight,
root length, 1000-seed weight and grain yield were recorded on 30 randomly sampled plants from
each genotype. Harvest index was expressed as a ratio between grain yield and biological yield.

Data were analysed for analysis of variance (ANOVA), mean, coefficient of variability and
heritability in broad sense by using computer software MS Excel. Genotypic, phenotypic and
environmental correlation coefficients and path coefficient analyses were performed using
computer software written by one of the author using the method by Dewey and Lu (1959) and
Singh and Chaudhary (1979).

Results and Discussion

ANOVA revealed significant differences among genotypes for all the traits under study
(Table 1). The range in days to flowering and maturity will help to select early maturing lines for
future use. Genotype PK-020620 took 23 days for flowering duration which was the lowest as
compared to other genotypes. The highest plant height was recorded in genotype PK-020878
while PK-020545 was the lowest for genotype. Highest grain yield was produced by the genotype
PK-020878 whereas the lowest grain yield was recorded in PK-020873. Highest harvest index
ranged from 8.54 in PK-020609 to 35.85% in PK-020878. Further, heritability estimates in broad
sense ranged from 0.28 for number of branches to 0.98 for days to maturity. High heritability
(< 50%) was observed for all the traits except number of branches, number of locules, root weight,
and root length that indicated the scope of selection from this material. Many researchers have
reported the importance of high genetic variation and heritability for simple selection (Sanjukta
and Biswas 2003). Parents diverse in nature could be selected to start hybridization as well as
breeding program.

Results regarding genotypic, phenotypic and environmental coefficient of correlation showed
that the genotypic correlations were higher than the phenotypic and environmental ones for most
of the traits exhibiting high degrees of genetic association among traits under consideration (Table
2). The environmental correlation coefficients were not very important in most of the cases
indicating low environmental influence in the experiment. Grain yield/plant was significantly
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correlated with plant height, capsule weight, capsule length, root length, whereas it was negatively
with capsule width and 1000-seed weight. At the genotypic and phenotypic levels, grain yield
exhibited the correlation coefficient with capsule weight, capsule length and capsule width while
association of capsule width with yield was negative. Kizil and Toncer (2005) reported significant
correlation between seed yield and number of capsules per plant, number of seeds per capsule,
1000 seed weight and seed yield per plant in N. sativa. The significant combinations in correlation
comprehend that choice for such traits could be made for further improvement to develop high
yielding generic lines. Moreover, Biabani et al. (2011) reported that at phenotypic level, seed yield
per plant had significant positive association with pods per plant, harvest index, biological yield
per plant and primary branches per plant. Further, positive association of seed yield per plant with
primary branches per plant, biological yield per plant, pods per plant and harvest index were also
observed.

Table 2. Coefficient of correlation for genotypic, phenotypic and environmental matrix for yield with
various yield contributing agronomic traits in 32 genotypes of N. sativa germplasm.

Variables Genotypic Phenotypic Environmental
correlation (Gr) correlation (Pr) correlation (Er)

Days to first flower (D1F) -0.17 -0.13 0.20

Days to 50% flowers (D50%F) -0.12 -0.09 0.11

Days to maturity (DM) -0.18 -0.15 0.20

Flowering duration (FD) 0.12 0.07 -0.13

Plant height (PH) 0.45* 0.35* 0.13

Biological yield, (BY) 0.29 0.37 * 0.62 **

Number of branches (NB) -0.26 0.01 0.34

Capsule weight (CWHt) 0.85 ** 0.84 ** 0.83 **

Number of capsules (NC) 0.16 0.29 0.68 **

Capsule length (CL) 0.69 ** 0.51 ** -0.07

Capsule width (CW) —0.58 ** —0.46 ** -0.09

Number of locules (NL) -0.20 -0.16 -0.12

Root weight (RW) 0.22 0.21 0.22

Root length (RL) 0.45 ** 0.28 0.02

1000-seed weight (100 SW) -0.37* -0.32 -0.11

Harvest index (HI) 0.26 0.28 0.36 *

*Significant and **highly significant at 0.05% probability level.

Genotypic correlation coefficients were partitioned into direct and indirect effects
contributing towards grain yield (Table 3). The direct effects of all the traits were positive except
days to first flower, days to 50% flowers, flowering duration, number of capsules, root weight and
harvest index. The highest positive direct effect was exhibited by days to maturity (7.18) and it
was followed by capsule weight (0.74), capsule length (0.39) and root length (0.34). It was also
observed that direct contribution was also exhibited via biological yield by most of the yield
components and hence these two traits (days to maturity and capsule weight) may be given more
emphasis while selecting high yielding N. sativa genotypes for future use. Very high direct effect
of days to maturity contributed grain yield throw increase in numbers of days to maturity.
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The highest direct effect observed for days to maturity, number of branches, capsule length
and root length, respectively, showed that early maturing lines with highest number of branches
may contribute more towards grain yield and biological yield. According to Sanjukta and Biswas
(2003), seed weight and number of capsules per plant were the major components of seed yield.
The number of primary branches may exhibit the greatest direct effect on seed yield under suitable
growing conditions in N. sativa. The promising results may be due to genetic variation (plant
cultivar), seed maturity, or accuracy of detection, and also high number of experimental material
than those reported earlier. In another study, the path coefficient analysis revealed that biological
yield per plant and harvest index exhibited positive and high direct effects on seed yield per plant.
Therefore, these characters could be considered as the best selection parameters for the
improvement of seed yield per plant, as observed in chickpea by Bala et al. (2015). The path
coefficient analysis revealed that at phenotypic level, the high positive direct effects on seed yield
could be contributed by biological yield per plant and harvest index (Zali et al. 2011).Likewise
Prakash and Vanniarajan (2015), studies exhibited that singleear head weight had maximum direct
effects on grain yield/plant followed by straw yield/plant, ear head length and plant height.

Present results revealed that N. sativa L. contains enormous potential; its diversity could be
explored more by cultivating promising lines on large scale, in addition to marginal lands.
Additionally it exhibited great potential to provide raw material for herbal and pharmaceutical
industry. Alternatively, it is assumed that large scale cultivation and market price can be a good
source of income for farmers. Highest grain yield can be obtained by employing improved
cultivars, proper sowing time, optimal environmental conditions and capital intensive high input
cultivation methods.

In this study for the first time a diverse collection of N. sativa was evaluated and characterized
for agro-morphic traits and their correlation coefficient for three years. Genotypic, phenotypic and
environmental matrices revealed many significant combinations. While tracing/conducting path
coefficient analysis it is worth to mention that direct effects of number of traits were positive and
could comprehend the need for developing desired genotypes rich in grain yield. Further, no
proper reports are available for germplasm evaluation on this crop by using current statistical
technique. Genetic characterization for these traits would be beneficial for starting breeding
programs.
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