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Abstract 

Character association and path analysis were performed for black seed cultivars using a split-plots design based on RCBD with three 
replications. Three cultivars (‘Varzaneh’, ‘Semirom’ and ‘Mobarakeh’) were studied under three levels of irrigation (normal irrigation, 
irrigation with drought stress before and after flowering). Under normal and abnormal irrigations the relation of seed yield and three 
characters biological yield, number of capsule per plant and thousand seed weight were high, positive significantly (p≤0.01); the relation 
between yield and number of sub branch was positive significantly (p≤0.05). In terms of abnormal irrigation there was a positive 
significant correlation between essence percent and yield (p≤0.05). Under normal irrigation the most direct effect of traits on yield was 
obtained from biological yield (0.778) followed the number of capsules per plant (0.245). The most indirect effect of traits on yield was 
obtained from biological yield through thousand seed weight (0.576) followed stem diameter through biological yield (0.468). Under 
water deficiency conditions the most direct effect of traits on yield was obtained from biological yield (0.811) followed the number of 
capsules per plant (0.231). The most indirect effect of traits on yield was obtained from biological yield through thousand seed weight 
(0.562).

Keywords: black seed, drought stress after flowering, ketone and hydrocarbon monoterpens

Introduction 

Nigella sativa L. (Ranunculaceae), usually known as 
black seed is one of the most pompous medicinal plant 
(Kacem and Meraihi, 2006). This specie is distributed in 
different parts of the world as well as Iran. It is extensively 
cultivated in some regions of the country (Nickavar et 
al., 2003). Black seed constituents have unique chemical 
properties (D’Antuono et al., 2002); it has more than one 
hundred different chemical components, including crude 
fiber, reducing sugars, mucilage, resins, flavonoids, alka-
loids, organic acids, sterols, saponins, tannins, unsaturated 
fatty acids especially linoleic and oleic acid and many ami-
no acids (Pourghassem-Gargari et al., 2009). Many medici-
nal properties were reported for black seed; for example, it 
decreased ischemia reperfusion injury (Yildiz et al., 2008). 
Anticancer activity of the plant extract was mentioned by 
Randhawa and Alghamdi (2011). Antimicrobial activity 
of black seed was reported (Chaieb et al., 2008).

The chemical compounds and medicinal properties of 
black seed affect by plant genotypes and agronomic treat-
ments as well as other medicated plants (Gobbo-Beto and 
Lopes, 2007; Sahoo et al., 2010). Drought stress for many 
of plants is a serious problem but drought stress maybe 
change the amount of medicated compound of the plants 
(Khorasaninejad et al., 2011; Zheng et al., 2006). 

Environmental conditions and genotype interaction 
affected the relationships among plant characters. Cor-
relation and path analysis are the two best approach to 
determine these relations (Dalkani et al., 2011) that has 
been used by many researchers in different crops including 
many medicinal plants (Chitra and Rajamani, 2010; Kar-
uppaiah and Senthil Kumar, 2010; Ibrahim et al., 2011). 
Relation among agronomic characters and the most me-
dicinal components of black seed was studied shortly. Path 
analysis and correlation coefficient was used to evaluate 
these associations in Nigella sativa L. cultivars under water 
deficiency.

Materials and methods

Three replications randomized complete block split-
plot design was applied to conduct the experiment during 
late spring and summer 2010. Latitude, longitude and alti-
tude of experiment location were 47°9’08’’ E, 34°42’27’’ N 
and 1775 m respectively based on GPS reading. Three cul-
tivars including ‘Varzaneh’, ‘Semirom’ and ‘Mobarakeh’ as 
sub plots were studied under three levels of irrigation em-
bracing normal irrigation (to field capacity once a week), 
irrigation with drought stress before and after flowering 
(behind 40 mm evaporation from class A evaporation pan 
10 day before flowering and 2 weeks after) as main plots. 
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ficiency an increasing was found for relation of capsule for-
mation time and essence percent. Therefor number of day 
to capsule formation is an important eco-morphological 
character for black seed production particularly under wa-
ter deficiency conditions. Capsule formation was occurred 
after flowering and related to it. Golparvar et al. (2011) re-
ported a negative significant correlation between essence 
amount and flowering time under variable conditions of 
plant growth in chamomile. Also Bannayan et al. (2008) 
showed non-decreasing changes in black seed essence after 
cutting irrigation.

 Under normal irrigation and water deficiency con-
ditions positive significant relation was found between 
plant width and two other characters comprising stem 
diameter and number of sub branch (p≤0.05). However 
under abnormal irrigation the coefficients were increased 
that showed strength of stem and number of sub branch in 
black seed were more in wide plants. The eligible of these 
characters is the impact of them for seed yield increasing; 
because the number of sub branch in black seed is one of 
the most important yield components (Tonçer and Kizil, 
2004).   

In terms of irrigation the correlation coefficients of 
stem diameter and four characters yield, biological yield, 
number of capsule per plant and number of sub branch 
per plant were high, positive significantly (p≤0.01). The 
relation between stem diameter and thousand seed weight 
was positive significantly (p≤0.05). Under water defi-
ciency conditions the relation between stem diameter and 
biological yield was positive significantly (p≤0.05) but a 
high significant correlation was found for stem diameter 
and thousand seed weight (p≤0.01); important traits like 
as yield and its components were discussed more than oth-
ers. Here for the second time there were notable changes 
in character relationship due to change in water supply. 
These results illustrated that morphologic character af-

Seeds were sown on 19th may with spacing of 50 x10 cm and 
depth of 3 cm and harvested on 15th Sep.  Day to capsule 
formation was recorded before harvesting. At physiologi-
cal ripening data were recorded on five randomly selected 
plants for plant height, plant width, stem diameter, yield, 
biological yield, number of capsule per plant, number of 
seed per capsule, number of main branch, number of sub 
branch, thousand seed weight and harvest index. Percent 
of essence and some essence components including ketone 
and hydrocarbon monoterpens were determined based 
on the reported method by Nickavar et al. (2003). Simple 
linear correlation coefficients were computed and these 
coefficients were subjected to path analysis as described by 
Dewey and Lu (1959) using SPSS v.16 software.

Results and discussion

Correlation analysis for normal irrigation and water de-
ficiency treatments are shown in Tab. 1 and 3 respectively. 
Under normal irrigation a negative significant correlation 
was found between number of day to capsule formation and 
four characters including number of main branch, essence 
percent, hydrocarbon monoterpenes and keton monot-
erpenes (p≤0.05). Under abnormal irrigation there was a 
negative significant correlation between number of day to 
capsule formation and five characters including number of 
main branch, thousand seed weight, harvest index, hydro-
carbon monoterpenes and keton monoterpenes (p≤0.05); 
and high significant relation was found for number of day 
to capsule formation and essence percent (p≤0.01). These 
results showed some changes for black seed characters 
relationships due to irrigation conditions. Also showed 
that under water deficiency some yield components like 
as thousand seed weight and harvest index were affected; 
and delay of capsule formation maybe decrease these com-
ponents. As compare to normal irrigation, under water de-

Tab. 1. Simple correlation coefficients of black seed characters under normal irrigation conditions

Traits DCF PH PW SD YI BIO NC NS NMB NSB 1000SW HI %ES %HYMONT
PH -0.061
PW -0.172 0.026
SD -0.033 0.251 0.455*

YI -0.114 0.164 0.242 0.682**

BIO -0.022 0.153 0.263 0.603** 0.971**

NC -0.141 0.185 0.371 0.731** 0.551** 0.519**

NS -0.085 -0.173 0.329 0.054 0.094 -0.034 0.117
NMB -0.477* 0.341 0.266 0.339 0.133 0.085 0.662** 0.041
NSB -0.161 0.205 0.402* 0.635** 0.469* 0.465* 0.951** 0.142 0.674**

1000SW -0.008 0.223 0.157 0.451* 0.763** 0.748** 0.245 -0.275 0.040 0.234
HI -0.352 -0.197 -0.201 0.107 0.307 -0.504* 0.187 0.179 0.018 -.245 0.281

%ES -0.431* -0.026 0.153 0.014 0.032 -0.031 0.265 -0.044 0.327 0.249 0.053 0.361
% HY MONT -0.435* -0.027 0.142 0.017 0.031 -0.047 0.266 -.038 0.309 0.245 0.064 0.362 0.987**

% KE MONT -0.462* -0.008 0.160 0.026 0.049 -0.039 0.291 -0.033 0.341 0.276 0.062 0.303 0.961** 0.946**

** Significant correlation at p≤0.01. * Significant correlation at p≤0.05. DCF: Day to capsule formation, PH: Plant height, PW: Plant width, SD: Stem diameter, 
YI: Yield, BIO: Biological yield, NC: Number of capsule per plant, NS: Number of seed per capsule, NMB: Number of main branch, NSB: Number of sub branch, 
1000SW: Thousand seed weight, HI: Harvest index, ES: essence percent, HY-MONT: Hydrocarbon monoterpene, KE-MONT: Ketone monoterpene
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fected some yield components significantly differently 
depending on the available water. Therefore selection of 
black seed varieties for water deficiency conditions must 
be upon changes of yield component and other morpho-
logical character relations especially stem diameter and 
plant width. Stem diameter is one of the most important 
characters in many agronomic and horticultural medicinal 
plants for the best qualitative and quantitative yield (Fa-
kuta and Ojiekpon, 2004). In Ajowan, a medicinal plant 

from apiaceae, Dalkani et al. (2011) and in amaranths 
Layegh Haghighi et al. (2012) reported positive signifi-
cant correlation between stem diameter and many other 
characters comprising yield components.

Under normal and abnormal irrigations the relation 
of seed yield and three characters biological yield, num-
ber of capsule per plant and thousand seed weight were 
high, positive significantly (p≤0.01); the relation between 
yield and number of sub branch was positive significantly 
(p≤0.05).

In terms of abnormal irrigation there was a positive 
significant correlation between essence percent and yield 
(p≤0.05). Under normal irrigation and water deficiency 
conditions the relation of biological yield and two char-
acters number of capsule per plant and thousand seed 
weight were high, positive significantly (p≤0.01); the rela-
tion between biological yield and number of sub branch 
was positive significantly (p≤0.05). Negative significant 
correlation was found for biological yield and harvest in-
dex (p≤0.05). Around the yield and yield components the 
correlation variability was sever. These results informed 
that under water deficiency essence amount and thousand 
seed weight of black seed had a key role on yield. The wa-

Tab. 2. Direct and indirect effects of black seed characters on 
seed yield under normal irrigation conditions

Variables SD BIO NC NSB 1000 SW Total 
SD 0.135 0.081 0.103 0.085 0.061 0.682

BIO 0.468 0.778 0.395 0.358 0.576 0.971
NC 0.196 0.144 0.245 0.253 0.073 0.551
NSB -0.163 -0.122 -0.241 -0.249 -0.068 0.469

1000 SW 0.052 0.097 0.036 0.032 0.125 0.763
Residual 0.218

SD: Stem diameter, BIO: Biological yield, NC: Number of capsule per plant, 
NSB: Number of sub branch, 1000SW: Thousand seed weight (numbers on main 
diagonal are direct effects)

Tab. 3. Simple correlation coefficients of black seed characters under water deficiency conditions

Traits DCF PH PW SD YI BIO NC NS NMB NSB 1000SW HI %ES %HYMONT
PH -0.032
PW -0.241 0.128
SD -0.123 0.268 0.465*

YI -0.086 0.295 0.272 0.668**

BIO -0.036 0.241 0.253 0.491* 0.928**

NC -0.217 0.215 0.348 0.693** 0.684** 0.622**

NS -0.041 -0.182 0.331 0.073 0.087 -0.134 0.234
NMB -0.501* 0.352 0.272 0.342 0.125 0.285 0.678** 0.145
NSB -0.241 0.235 0.462* 0.645** 0.482* 0.473* 0.972** 0.172 0.688**

1000SW -0.478* 0.241 0.137 0.672** 0.815** 0.734** 0.318 -0.295 0.243 0.2543
HI -0.452* -0.185 -0.221 0.124 0.372 -0.511* 0.208 0.206 0.128 -.238 0.277

%ES -0.533** -0.036 0.184 0.181 0.512* -0.061 0.293 -0.078 0.302 0.256 0.062 0.372
% HY MONT -0.471* -0.037 0.132 0.123 0.181 -0.042 0.301 -.069 0.326 0.261 0.093 0.381 0.992**

% KE MONT -0.486* -0.016 0.170 0.118 0.173 -0.137 0.312 -0.071 0.311 0.239 0.085 0.327 0.985** 0.968**

** Significant correlation at p≤0.01. * Significant correlation at p≤0.05. DCF: Day to capsule formation, PH: Plant height, PW: Plant width, SD: Stem diameter, 
YI: Yield, BIO: Biological yield, NC: Number of capsule per plant, NS: Number of seed per capsule, NMB: Number of main branch, NSB: Number of sub branch, 
1000SW: Thousand seed weight, HI: Harvest index, ES: essence percent, HY-MONT: Hydrocarbon  monoterpene, KE-MONT: Ketone monoterpene

Tab. 4. Direct and indirect effects of black seed characters on seed yield under water deficiency conditions

Variables SD BIO NC NSB 1000 SW % ES Total 
SD 0.152 0.094 0.108 0.102 0.124 0.026 0.668

BIO 0.472 0.811 0.425 0.387 0.562 0.078 0.928
NC 0.203 0.182 0.272 0.231 0.112 0.033 0.684
NSB -0.181 -0.162 -0.183 -0.242 0.067 0.022 0.482

1000 SW 0.058 0.105 0.078 0.115 0.231 0.065 0.815
% ES  0.031 0.232 0.184 0.045 0.211 0.094 0.512

Residual 0.185
SD: Stem diameter, BIO: Biological yield, NC: Number of capsule per plant, NSB: Number of sub branch, 1000SW: Thousand seed weight, ES: essence (numbers 
on main diagonal are direct effects)
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for variety selection and every plant breeding and agrono-
my program of the plant. 
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