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the continued low productivity and production of black
cumin, lack of improved seed is the principal factor. Due to
the increased demand of black cumin seed for local con-
sumption and other importance, such as oil and oleoresin for
medicinal purposes, its export market improving its seed
yield and genetic improvement must be undertaken.

But seed yield is a composite trait whose production is
influenced by its constituent traits directly or indirectly.
Breeder is certainly concerned in investigating the extent
and type of relationship of such traits for they contribute
valuable information in breeding for yield [11]. Knowledge
of the association of yield and its constituent traits will allow
a breeder to know how the selection pressure employed by
him on one trait will cause variations in other traits. )us,
quantification of the association between yield and its
constituents is critical in breeding for a certain crop. For the
purpose of quantification of interactions among traits in
crop plants, correlation and regression analyses are used [12]
for the breeder to realize the nature and extent of the re-
lationship between traits which are commonly used to
achieve better yield of the crop. Assessing genotypic and
phenotypic correlation coefficients with yield interrelated
traits is, therefore, significant to utilize the available vari-
ability through selection. Correlation is a logical step to-
wards a clear sympathetic of the type of plant traits [11].
Correlation analysis measures the relationships between any
given pair of traits without regard to cause/effect association
[12].

However, research on the association of black cumin
yield and yield-component traits is unsatisfactorily con-
ducted in Ethiopia. As a result, there is not enough infor-
mation on phenotypic relationship and direct and indirect
effect of various characters among yield and yield compo-
nents of black cumin to measure the relative importance of
each variable. )erefore, the objective of this study was to
quantify the phenotypic and genotypic relationship and to
evaluate the direct and indirect effect of various traits among
yield and yield constituents of black cumin accessions
conserved in the Institute of Biodiversity Conservation
(IBC), in order to gain illustrative results for efficient future
selection and enhancement programs.

2. Materials and Methods

)e experiment was conducted at Jimma, Eladale Research
Site, which is located 350 km south-west of Addis Ababa,
Ethiopia. )e site is situated at a latitude of 7°S 42′9″N and
longitude 36° 47′6″E and an elevation of 1753m above sea
level. )e area receives an average annual rainfall of
1559mm with maximum and minimum temperatures of
26.8°C and 13.6°C, respectively. Average maximum and
minimum relative humidity of the area are 67.5 and 37.9%,
respectively. )e soil of the experimental site is reddish
brown clay, classified as Nitisol with pH range of 5.0 to 6.0
[13].

)irty-six black cumin accessions were used as an ex-
perimental material; these thirty-three accessions were
kindly provided by IBC which were collected from different
regions of Ethiopia. In addition, three released cultivars, that

is, Dershaye, Aeden, and Darbera, were provided by Gera
Agricultural Research Center. Genotypes are listed in
Table 1.

2.1. Experimental Design and Field Management. )e ex-
periment was laid out in 6� 6 lattice design with two rep-
lications. )e total land used for the experiment is 285m2.
Each block consisted of 36 plots and the dimension of each
plot was 1m� 2m (2m2) having a plot to plot and block-to-
block distances of 0.5m and 1m, respectively. In a plot, there
are four rows spaced 25�15 cm between rows and plants,
respectively. )e treatments were randomly allotted in each
block.

)e land was ploughed three times with harrowing and
disking. )e seeds were sown in late September 2016 by
considering residual soil moisture at 3 cm depth [14]. )e
first irrigation was done exactly after sowing and subsequent
irrigations were done once in every 2–5 days. Fertilization
and other management practices were applied [14].

2.1.1. Data Collection. Data collection was done in plot and
in plant basis. So the variables were gathered from five
randomly selected plants from the middle rows and from the
middle row itself at each replication at the required stage.
)ese variables are expressed below.

Data are collected in plot basis:

(i) Days to 50% emergence: number of days from date
of sowing to when 50% of the seedlings appeared
above the ground level.

(ii) Days to blooming: days from the date of sowing to
50% bud initiation by observing the whole plants
grown at each plot every morning.

(iii) Days to 50% flowering: days when 50% of the plants
in a plot get flowered.

(iv) Days to maturity: the number of days from date of
emergence to when the plant changed from dark
green to brown-yellow colour, 90% of the capsules
changed to yellow and when the capsule begun to
wither.

(v) Biological yield (kg): it was determined by taking
the total above ground whole plant parts harvested
from the two central rows of each experimental plot
(50 cm� 2m2) weighed in Gram after dried for
three days in open sun then converted to
kilograms�ha�1.

(vi) Seed yield per ha�1 (kg): seed yield was determined
by harvesting plants from the net middle plot area
50 cm� 2m2 to avoid border effects. Seeds, which
were obtained from the corresponding net plot,
were cleaned manually. After sun dried 8 to 10%
moisture content, it was weighed in grams by using
sensitive balance and recorded as mean values of
seed yield per hectare after being converted to
kilograms.

(vii) Harvest index per plot (%): it was estimated by
dividing grain yield per plot to biological yield per
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plot. It is a ratio of grain yield to the above ground
biomass yield.

Data collected on plant basis:

(i) Plant height (cm): average height in centimeter
measured from ground level to the tip of the plant.

(ii) Number of branches per plant: number of primary,
secondary, and tertiary branches were recorded by
counting branches from respective plant parts
raised from the main stem as primary branches,
branches raised from primary branches taken as
secondary and branches raised from secondary
branch taken as tertiary branches which were
recorded at maturity stage from five randomly taken
plants.

(iii) Number of capsules per plant: the average number
of seed bearing capsules from the five tagged plants.

(iv) Number of seeds per capsule: the actual total count
of seeds per capsule taken from five randomly taken
capsules per plant.

(v) 1000-seed weight (g): it was determined from the
seed obtained from each of five tagged plants, dried
in the sun to 8 to 10% moisture content by using
moisture tester and thereafter weighed by analytical
balance and counted with a seed counter and the
average weight was expressed in grams.

2.2. Data Analysis

2.2.1. Analysis of Variance (ANOVA). )e data collected for
each quantitative trait was subjected to analysis of variance
(ANOVA) for simple lattice design. Normality of each data
was checked before the analysis. )e result revealed that all
the traits showed normality. Analysis of variance for each
character was computed using the standard statistical pro-
cedure of Gomez and Gomez [15] and using statistical
software SAS 9.3 [16]. Efficiency of the lattice design relative
to RCBDwas checked and, in most of the response variables,
the lattice was found to be more efficient than that of the
RCBD. After testing the ANOVA assumptions, treatment

Table 1: List of the black cumin (N. sativa) accessions with their passport data.

Accession Region Zone Latitude Longitude Altitude
9067 Amhara Mirab Gojam 11-41-08-N 37-01-12-E 1840
9068 Amhara Mirab Gojam 11-45-40-N 37-05-4-E 1854
9069 Amhara Mirab Gojam 10-38-48-N 37-05-09-E 2002
9071 Amhara Mirab Gojam 10-38-21-N 37-05-13-E 1970
90505 Amhara Misrak Gojam 10-20-00-N 38-00-00-E NA
90506 Amhara Misrak Gojam 10-20-00-N 38-00-00-E NA
90510 Oromia Mirab Shewa 09-10-00-N 37-50-00-E NA
207538 Amhara Semen Gondar 12-20-00-N 37-14-00-E NA
207539 Amhara Semen Gondar 12-20-00-N 37-14-00-E NA
208032 Amhara Semen Gondar 12-20-00-N 37-14-00-E NA
208771 Oromia Mirab Wellega 37-56-25-N 38-67-11-E NA
212859 Oromia Bale 07-01-00-N 39-59-00-E NA
223069 Amhara Misrak Gojam 11-00-08-N 37-00-11-E NA
223071 Benishangul Gumuz Metekel 11-00-00-N 35-45-45-E NA
229806 Benishangul Gumuz Asosa 10-03-44-N 34-32-50-E NA
236832 Oromia Mirab Shewa 38-01-00-N 38-05-00-E 2320
242223 Tigray Mirabawi 14-06-75-N 38-27-89-E 2080
242224 SNNP Arbaminch 06-06-67-N 37-66-67-E 2170
242225 SNNP Arbaminch 06-06-67-N 37-66-67-E 1800
242226 SNNP Soddo 06-51-10-N 37-45-40-E 1800
242227 SNNP Soddo 10-54-32-N 39-47-29-E 1800
242832 Oromia Borena 04-58-00-N 38-13-00-E 2280
242843 Oromia Arssi 07-32-08-N 39-32-11-E 2155
242846 Amhara Semen Gonder 07-35-87-N 39-29-33-E 2360
244653 Amhara Semen Gondar 12-50-00-N 37-35-00-E 1872
244654 Amhara Semen Gondar 12-50-00-N 37-05-00-E 1821
242838 Oromia Arssi 07-35-71-N 39-32-29-E 2355
90514 Benishangul Gumuz Metekel 11-00-00-N 35-45-45-E NA
229808 Benishangul Gumuz Metekel 1700
20226 Oromia Mirak (jimma) 08-42-31 36-26-41 1499
20432 Tigray Mehakel 14-15-22 39-06-22 2014
20434 Tigray Semen 14-08-49 38-24-42 1962
20435 Tigray Mibraka 14-00-58 39-27-20 2214
Aden Highland areas Bale, Arsi and S/Gonder zones NA NA 1800-2500
Deribera Highland areas Bale, Arsi and S/Gonder zones NA NA 1800-2500
Dirshaye Highland areas Bale, Arsi and S/Gonder zones NA NA 1800-2500
NA: not available.
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means were tested for significance (LSD) at 5% probability
levels.

3. Results

3.1. Phenotypic Correlation Coefficients of 36 Accessions.
Assessment of associations among different characters
revealed that some of the characters are positively correlated,
while others are negatively correlated indicating that im-
proving or increasing specific character will have positive or
negative influence on the other characters in such degree
apparent from the correlation coefficients (Table 2).

Phenotypic correlation (Table 2 above diagonal) showed
that seed yield ha�1 had a highly significant correlation with
number of effective capsules per plant (0.83∗∗), number of
total branches (0.68∗∗), plant height (0.66∗∗), number of
secondary branches (0.66∗∗), plant harvesting index (0.53∗∗)
number of primary branches (0.53∗∗), steam thickness
(0.52∗∗) number of tertiary branches (0.49∗∗), and biological
yield (0.40∗∗) (Table 2).

Days to emergence highly correlated with days to harvest
(0.34∗∗) and also significantly correlated with biological
yield (0.28∗) and 50% flowering date (0.23∗). It also had a
positive correlation with blooming (0.19), thousand seed
weight (0.06), number of secondary branches (0.02), and
number of seeds per capsule (0.00) and also negatively and
significantly correlated with harvesting index (�0.27∗),
negatively correlated with plant height (�0.15), number of
tertiary branches (�0.13), number of effective capsules per
plant (�0.08), stem thickness (�0.06), seed yield ha�1

(�0.04), number of total branches per plant (�0.02), and
number of primary branches (�0.01) (Table 2).

Days to blooming had highly significant correlation with
50% flowering (0.58∗∗) and days to harvest (0.58∗∗) but
positively correlated with the number of primary branches
(0.14) and stem thickness (0.13). It also had highly significant
negative correlation with tertiary branches (�0.45∗∗) and
also negative correlation with number of total branches per
plant (�0.17), number of effective capsules per plant (�0.17)
and number of secondary branches (�0.13), number of seeds
per capsule (�0.09), thousand-seed weight (�0.09), biolog-
ical yield (�0.08), and plant height (�0.03) and negatively
significantly correlated with seed yield ha�1 (�0.29∗)
(Table 2).

Days to 50% flowering had a highly significant corre-
lation with harvesting date (0.64∗∗). It had positive corre-
lation with primary branches (0.15), stem thickness (0.05),
and biological yield (0.01) but highly negatively correlated
with tertiary branch (�0.45∗∗) and negatively correlated
other traits studied and mentioned in the table. )is might
be due to flowers raised from tertiary branch is mostly
delayed to flower once with primary branches and secondary
branches (Table 2).

)e number of primary branches had highly significant
correlation with stem thickness (0.80∗∗), number of sec-
ondary branches (0.74∗∗), number of total branches
(0.73∗∗), plant height (0.72∗∗), number of effective capsules
per plant (0.63∗∗), seed yield ha�1 (0.53∗∗), biological yield
(0.34∗∗), and number of tertiary branches (0.31∗∗). It had

positive weak correlation with harvesting index (0.17) and
harvesting date (0.16). But it was negatively correlated with
the number of seeds per capsule (�0.10) and 1000-seed
weight (�0.10) (Table 2).

)e number of secondary branches had highly signifi-
cant correlation with the number of total branches (0.95∗∗),
number of effective capsules per plant (0.70∗∗), plant height
(0.69∗∗), number of tertiary branches (0.68∗∗), and stem
thickness (0.68∗∗), seed yield ha�1 (0.66∗∗), and biological
yield (0.34∗∗). It had significant correlation with harvesting
index (0.29∗) and also negatively correlated with 1000-seed
weight (�0.09) harvesting date (�0.11) and the number of
seeds per capsule (�0.01) (Table 2).

Tertiary branches had highly significant correlation with
total branch (0.76∗∗), seed yield ha�1 (0.49∗∗), number of
effective capsules per plant (0.46∗∗), plant height (0.40∗∗),
and harvesting index (0.35∗∗); it had significant correlation
with stem thickness (0.29∗) and is positively correlated with
biological yield (0.11) and the number of seeds per capsule
(0.07) and highly negatively correlated with harvesting date
(�0.53∗∗) and weakly negatively correlated with thousand-
seed weight (�0.14).

Total branch number was highly significantly correlated
with most traits studied but negatively correlated with
harvesting date (�0.18), thousand-seed weight (�0.14), and
number of seeds per capsule (�0.02). Stem thickness also
showed highly significant correlation with plant height
(0.68∗∗), number of effective capsules per plant (0.59∗∗), and
seed yield ha�1 (0.52∗∗) and significantly correlated with
biological yield (0.29∗) and positively correlated with the rest
traits except the number of seeds per capsule (�0.08) studied
(Table 2).

Plant height had highly significant correlation with the
number of effective capsules per plant (0.76∗∗), seed yield
ha�1 (0.66∗∗), and harvesting index (0.37∗∗). It had also
positive correlation with harvesting date (0.06) and negative
correlation with number of seed per capsule (�0.15) and
1000-seed weight (�0.09) (Table 2).

Days to harvest had a significant correlation with bio-
logical yield (0.27∗) and 1000-seed weight (0.02), while it had
a negative correlation with seed yield ha�1 (�0.21) and the
number of seeds per capsule (�0.19) and the number of
effective capsules per plant (�0.07), but it was highly neg-
atively correlated with harvesting date (�0.41∗). Biological
yield had a highly significant correlation with the number of
effective capsules per plant (0.42∗∗) while it was positively
correlated with 1000-seed weight (0.16) but highly negatively
correlated with harvesting index (�0.53∗∗) and negatively
correlated with the number of seeds per capsule (�0.09)
(Table 2).

)e number of effective capsules per plant had a highly
significant correlation with seed yield ha�1 (0.83∗∗) and also
harvesting index (0.36∗∗), while it had highly negative
correlation with the number of seeds per capsule (�0.34∗∗)
and was negatively correlated with 1000-seed weight (�0.07)
(Table 2). )erefore, increase in capsule number in a plant
results in 1000-seed weight and seed number reduction of
capsule and ultimately reduction in seed yield. )is result
agrees with the previous studies [17].
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)e number of seeds per capsule had positive correlation
with harvesting index (0.12) and seed yield ha�1 (0.05). It is
also negatively correlated with 1000-seed weight (�0.01).
)ousand-seed weight has a positive correlation with seed
yield ha�1 (0.10) but is negatively correlated with harvesting
index (�0.08) (Table 2). In addition, harvesting index
(0.53∗∗) has highly significant correlation with seed yield
ha�1.

3.2. Genotypic Correlation Coefficients of 36 Accessions.
)e result of genotypic correlation coefficient analysis
(Table 2 below diagonal) showed that seed yield ha�1 had a
highly significant (P< 0.01) and positive correlation with the
number of effective capsules per plant (0.88∗∗), secondary
branches (0.73∗∗), plant height (0.72∗∗), total branches
(0.71∗∗), stem thickness (0.58∗∗), primary branches (0.52∗∗),
tertiary branches (0.52∗∗), harvesting index (0.47∗∗), and
biological yield (0.43∗∗), but was negatively and significantly
correlated with days to blooming, flowering, and days to
maturity.

)is shows that as the number of branches, plant height,
and stem thickness increase, the seed yield ha�1 increases,
but the number of days to which the crop reaches physio-
logical maturity decreases because there were many more
capsules on secondary and tertiary branches which did not
bloom, flower, or mature at same time with capsules on
primary branches and this delayed the stage of maturity.)is
finding is in line with previous studies [17–19]. In addition,
the analysis result coincided with previous results [20],
evaluating thirty-six local accessions of Ethiopian caraway,
reported genotypically seed yield was positive and highly
significant with the number of primary branches (0.48∗∗),
secondary branches (0.5∗∗), number of umbel per plant
(0.8∗∗), number of seeds per umbel (0.98∗∗), and plant
height (0.79∗∗).

Days to emergence significantly (P< 0.05) correlated
with days to harvest (0.40∗), indicating that if the accessions
which emerged early have a chance to harvest early, days to
emergence had also a positive correlation with biological
yield (0.32), 50% flowering (0.25), blooming (0.20), thou-
sand-seed weight (0.11), number of seeds per capsule (0.03),
and number of secondary branches (0.02) and also negative
correlation with stem height (�0.18), stem thickness (�0.10),
seed yield ha�1 (�0.08), tertiary branches (�0.17), number of
total branches per plant (�0.04), and primary branches
(�0.01) but also significant and negative correlation with
harvesting index (�0.35∗). )is is because late germinated
plants do not have enough time to produce more branch
number and did not have good stem thickness potential as
well, and then if not enough branches were produced, there
may not have a chance to produce sufficient effective cap-
sules that can gain seeds; finally seed yield ha�1 become
lower, which means harvesting index becomes also lower
(Table 2).

Days to blooming had highly significant and positive
correlation with days to harvest (0.65∗∗) and 50% flowering
(0.60∗∗), while positively correlated with stem thickness
(0.21) and the number of primary branches (0.20) (Table 2).

)e result revealed that if days to bloom are shorter, then it
can be harvested earlier because genotypes that bloomed
earlier can flower faster and mature timely without facing
environmental challenges such as moisture stress. It had
highly significant and negative correlation with tertiary
branches (�0.54∗∗) and negatively significant correlation
with amount of seed yield ha�1 (�0.33∗). And also days to
blooming had negative correlation with the number of total
branches per plant (�0.21), the number of effective capsules
per plant (�0.20), the number of secondary branches per
plant (�0.17), 1000-seed weight (�0.13), biological yield
(�0.10), the number of seeds per capsule (�0.10), and plant
height (�0.04). )ese might happen due to late blooming,
which caused facing of unfavorable environmental condi-
tions for the development of the crop. Late bloom accessions
cannot flower completely because in nature black cumin
flowering is not uniform on a single plant’s branches. So,
there might be a probability of flowerless tertiary branches
and abortion of flowers due to harsh reasons like moisture
stress, at the end, resulting in seed yield reduction due to late
blooming.

Days to 50% flowering had a highly significant corre-
lation with harvesting date (0.70∗∗). It had positive corre-
lation with primary branch (0.21), stem thickness (0.15), and
biological yield (0.01) but was highly negatively correlated
with tertiary branch (�0.50∗∗) and negatively correlated with
other traits studied. )is showed that in nature black cumin
flower starts from primary branches; then secondary and
tertiary branches consecutively here at tertiary branch 50%
flowering did not appear the same as the primary branches
to mature once (Table 2).

)e number of primary branches had highly significant
correlation with stem thickness (0.81∗∗), total branches
(0.75∗∗), number of secondary branches (0.73∗∗), plant
height (0.70∗∗), number of effective capsules per plant
(0.64∗∗), and seed yield ha�1 (0.52∗∗). It had significant
correlation with biological yield (0.36∗) and also positive
weak correlation with the number of tertiary branches
(0.29), harvesting date (0.18), and harvesting index (0.12) but
negative correlation with 1000-seed weight (�0.30), and the
number of seeds per capsule (�0.25) (Table 2).

the number of secondary branches had highly significant
correlation with total branch number (0.98∗∗), number of
effective capsules per plant (0.78∗∗), number of tertiary
branches (0.74∗∗), plant height (0.68∗∗), seed yield ha�1

(0.73∗∗), and stem thickness (0.65∗∗). It had significant
correlation with biological yield (0.38∗) and positive cor-
relation with harvesting index (0.29) and also negative
correlation with 1000-seed weight (�0.26), number of seeds
per capsule, and (�0.17), and harvesting date (�0.14)
(Table 2).

Tertiary branch number had highly significant correla-
tion with seed yield ha�1 (0.52∗∗), number of effective
capsules per plant (0.48∗∗), and total branch number
(0.81∗∗). It had significant correlation with plant height
(0.39∗) and harvesting index (0.37∗). And also, it had
positive correlation with stem thickness (0.26), biological
yield (0.10), and the number of seeds per capsule (0.05) but
high negative correlation with date to harvest (�0.56∗∗) and
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weak and negative correlation with 1000-seed weight (�0.23)
(Table 2).

)e total branch number had highly significant corre-
lation with the number of effective capsules per plant
(0.75∗∗), stem thickness (0.65∗∗), and plant height (0.68∗∗).
It had significant positive correlation with biological yield
(0.33∗) but was positively correlated with harvesting index
(0.32), while it had weak negative correlation with 1000-seed
weight (�0.31) harvesting date (�0.22) and the number of
seeds per capsule (�0.14) (Table 2).

Stem thickness (girth) had highly significant correlation
with the number of effective capsules per plant (0.65∗∗),
plant height (0.64∗∗), and seed yield ha�1 (0.58∗∗). It had
significant correlation with biological yield (0.34∗) and was
positively correlated with harvesting index (0.19) and har-
vesting date (0.11). In addition, it was negatively correlated
with the number of seeds per capsule (�0.28) and 1000-seed
weight (�0.18). Plant height had highly significant corre-
lation with the number of effective capsules per plant
(0.82∗∗) and seed yield ha�1 (0.72∗∗). It had also significant
correlation with harvesting index (0.41∗), positive correla-
tion with biological yield (0.27) and harvesting date (0.06),
and negative correlation with the number of seeds per
capsule (�0.32) and 1000-seed weight (�0.17) (Table 2).

Days to harvest had a positive correlation with biological
yield (0.28) and 1000-seed weight (0.02). It had a highly
negative correlation with harvesting index (�0.45∗∗) and
negative correlation with the number of seeds per capsule
(�0.24), seed yield per ha�1 (�0.24), and the number of
effective capsules per plant (�0.08) (Table 2).

Biological yield had a highly significant correlation with
the number of effective capsules per plant (0.44∗∗) and seed
yield ha�1 (0.43∗∗) and positive correlation with 1000-seed
weight (0.16) but highly negative correlation with harvesting
index (�0.56∗∗) and negative correlation with the number of
seeds per capsule (�0.12) (Table 2).

)e number of effective capsules per plant had a highly
significant correlation with seed yield ha�1 (0.88∗∗) and it
had significant correlation with harvesting index (0.36∗). It
had highly negative correlation with the number of seeds per
capsule (�0.42∗∗) and negative correlation with 1000-seed
weight (�0.18) (Table 2).

)e number of seeds per capsule had positive correlation
with 1000-seed weight (0.09) and harvesting index (0.09)
and negative correlation with seed yield ha�1 (�0.02).
)ousand-seed weight has a positive correlation with seed
yield ha�1 (0.06) but negative correlation with harvesting
index (�0.12).

3.3. Phenotypic Direct and Indirect Effect of Various Char-
acters on Black Cumin Seed Yield. Phenotypic correlation of
the characters was then partitioned in path coefficient, with a
view to identify important characters having direct effect on
seed yield ha�1 (Table 3). Harvesting index (0.833), biological
yield (0.739), and the number of effective capsules per plant
(0.235) exerted high and favorable direct effects on seed
yield. )e number of total branch per plant (0.051), stem
thickness (0.035), and number of primary branches per plant

(0.003) had some positive but weak direct influence on seed
yield ha�1. )ese direct effects, therefore, indicate that other
variables kept constant; the merits of harvesting index, bi-
ological yield, number of effective capsules per plant,
number of total branches per plant, stem thickness, and
number of primary branches per plant for improving seed
yield significantly due showed the highest phenotypic direct
effect. )e same result was reported [8], where the most
direct effect of traits on yield was obtained from biological
yield (0.778), followed by the number of capsules per plant
(0.245).

However, from those traits exerted, the highest negative
phenotypic direct effect on seed yield was recorded for plant
height (�0.072), days to blooming (�0.039), number of
tertiary branches per plant (�0.029), and days to flowering
(�0.016) followed by the number of secondary branches
(�0.008) that showed minor negative direct effect with seed
yield ha�1 (Table 3).

Harvesting index 0.833 and biological yield ha�1 (0.739)
exhibited the highest positive direct effect on seed yield
ha�1. However, harvesting index also showed the highest
negative indirect effect on seed yield ha�1 via biological
yield (�0.389), whereas the highest positive indirect effects
were also recorded for this trait via plant height (0.308).)e
result of this study is in agreement with that of the previous
study [21], that the phenotypic path coefficient analysis of
biomass per plant (0.879) and harvest index per plant
(0.258) exerted high and favorable direct effects on seed
yield per plot.

)erefore, it is evident from the result of this study that
high consideration should be given for harvesting index,
biological yield, and number of effective capsules per plant,
followed by the number of total branches per plant, stem
thickness, and number of primary branches per plant.

)e genotypic direct and indirect effect of different
characters on seed yield ha�1 is presented in Table 4. )e
number of secondary branches (1.094) had maximum
positive direct effect on seed yield ha�1, followed by har-
vesting index (0.839), biological yield (0.765), number of
tertiary branches (0.649), number of primary branches
(0.487), number of effective capsule per plant (0.325), and
stem thickness (0.053). )is indicated that a slight increase
in one of the above traits may directly contribute to seed
yield. )erefore, selecting genotypes having more number of
secondary branches, harvesting index, high biological yield,
more number of primary and tertiary branches, and also
more number of effective capsules per plant and thick stem
thickness could be used to improve seed yield in black cumin
genotypes as a result of their direct effect on yield.

Similar to this study, [22] observed that the number of
branches had the highest and positive direct effect on seed
yield. In the previous study, [8] also reported the most direct
effect of traits on yield were shown on biological yield
(0.778) followed by the number of capsules per plant (0.245).

)e genotypic path coefficient analysis revealed that the
characters that exerted the highest negative genotypic direct
effect on seed yield were recorded for number of total
branches (�1.985), plant height (�0.131), and days to
blooming (�0.043).
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)e number of total branches per plant also showed the
highest indirect negative effects on seed yield ha�1 via
secondary branches and number of tertiary branches (Ta-
ble 4). It had also considerably indirect negative effects
through the number of effective capsules per plant, number
of primary branches, plant height, stem thickness, and
negligible negative indirect effects through biological yield.
)e number of total branches also scored considerably small
positive indirect effects via days to blooming.

)e residual effect (0.242268) indicates that characters,
which are included in the genotypic path analysis, explained
75.8% of the total variation in seed yield in which the numbers
of traits chosen for the study were appropriate for yield
improvement in black cumin; the remaining 24.2% were the
contribution of other factors, such as traits not studied.

4. Conclusion

Seed yield was positively and highly correlated with primary
branches, secondary branches, tertiary branch, total
branches, stem thickness, plant height, biological yield,
number of effective capsules per plant, and harvesting index.
Hence, selection criteria should consider all these characters
for the improvement of black cumin yield.

But it was negatively and significantly correlated with
days to blooming and days to 50% flowering and days to

harvest at both genotypic and phenotypic levels. It indicates
a genotype which had all those traits contributed for high
seed yield.

On the basis of both genotypic and phenotypic path
coefficient analysis result, harvesting index, biological yield,
number of effective capsules per plant, stem thickness, and
number of primary branches showed positive direct effect on
seed yield. )e favorable direct effects of these traits on black
cumin seed yield indicate that other variables kept constant
and improvement of these traits will increase grain yield.
)erefore, these traits should be kept in mind in the future
breeding program of black cumin.
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