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Introduction 
 

Nigella (Nigella sativa L.) is a field crop that 

belongs to Ranunculaceae, the butter cup 

family. The seeds, which resemble onion 

seed, are used both as spice and medicine. 

The word nigella originated from the Latin 

word niger, which means blackish, referring 

to its seed colour. It is commonly referred as 

black-caraway, black-cumin, fennel-flower, 

nigella, nutmeg-flower and roman-coriander  

 

 

 

 

 

 
 

in English. It is known vernacularly by name 

habbatul barakah (Arabic for seed of 

blessing), shonaiz (Persian), kalonji (Urdu 

and Hindi) and krishnajirika (Sanskrit). The 

existence of numerous vernacular names 

indicated the wide use of nigella in more than 

100 countries (Giridhar et al., 2015). Seeds of 

this plant are used both as spice and medicine 

since a very long time. The crop originated in 
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Nigella (Nigella sativa L.) has been widely acknowledged for its immense medicinal 

properties in different medicinal systems. Recognizing the importance of the crop as a 

potential component in crop diversification in Coastal Humid Tropic of India, a systematic 

study on the effect of date of sowing and plant densities on growth, yield and quality of 

nigella was under taken during winter growing season (rabi). The different dates of sowing 

had significant influence on growth and yield of nigella. Delay in sowing caused reduction 

in growth, phenology, yield and quality. The optimum sowing time in Coastal Humid 

Tropic of India was found to be between 1
st
 fortnights of October to 1

st
 fortnight of 

November, sowing beyond this period had undesirable effects on the crop. Plant densities 

had significant effect on plant growth and quality of nigella. The individual growth 

parameters of the crop were lowest in the crop sown with 50 plants m
-2

. However, grain, 

fixed oil and essential oil yields were higher in the density of 50 plants m
-2

. Maximum 

seed yield (kg ha
-1

), stalk yield (g m
-2

), fixed oil yield (kg ha
-1

) and essential oil yield (L 

ha
-1

) were recorded in the first three dates of sowing (sowing window between 1
st
 fortnight 

of October to 1
st
 fortnight of November) at 50 plants m

-2
 density. 
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the Mediterranean region and subsequently 

spread to Europe, Asia and Africa. The seeds 

are bitter in taste due to the presence of a seed 

protein, nigellin. The spice is highly regarded 

for its medicinal values in Greco Arab/Unani 

Tibb system of medicine, which originated 

from Hippocrates (Shrivastava et al., 2011). 

Nigella is known to have numerous medicinal 

properties and is widely used in unani, 

ayurveda, siddha and other ethnomedicine 

systems across the world. The medicinal 

value of the spice is immense and numerous 

workers appreciated its unique, varied and 

powerful pharmacological traits. Its 

pharmacological action such as anti-tumour, 

anti-diabetic, cardioprotective, gastro 

protective, antiasthmatic, nephroprotective, 

hepatoprotective, antiinflmmatory, immuno 

modulatory, neuroprotective, anticonvulsant, 

anxiolytic, antioxidant, antinociceptive, 

antioxytocic, contraceptive, abortifacient, 

antiimplantation, diuretic, antiurolithiatic, 

antispasmolytic, antibacterial, antifungal, 

anti-schistosomiasis and anthelmintic 

activities were immensely appreciated. 

 

Although the global production and trade 

statistics of nigella are not available, it is 

reasonably estimated to be between 30000 

metric tonne (MT) to 40000 MT. India alone 

produces 15000-20000 MT. The other 

important producers are Sri Lanka, 

Bangladesh, Afghanistan, Pakistan, Egypt, 

Iran, Iraq, Syria, Turkey and Ethiopia 

(Malhotra, 2004; Wallace, 2013). Giridhar et 

al., (2015) reported that India exported 20215 

MT of nigella to Pakistan, Turkey, United 

States, Iran, UAE, Yemen, Tunisia, Germany, 

Sri Lanka and Indonesia during the year 2014. 

In India, nigella is generally grown in 

Northern parts during winter (rabi), where 

length of growing period is between 120 to 

140 days. The crop productivity in India was 

reported to be between 300-500 kg ha
-1

. 

However, little information is available about 

the crop’s suitability and productivity in the 

Coastal Humid Tropic of India where winter 

is mild and length of growing period in winter 

is between 80 to 120 days. The present 

investigation was initiated to address the 

several issues related to introduction of the 

crop in the Coastal Humid Tropic. The 

attempt was foreseen as a prelude to 

successful introduction, would allow wider 

choice of crops during winter growing season 

(rabi). The crop is recognized as a potential 

component in crop diversification in recent 

years (Ahmad et al., 2007). The responses of 

the crop to sowing window, plant density, 

pests and diseases, nutrient and soil 

management are very important for the 

successful introduction in newer areas. 

Productivity estimates and factors affecting 

productivity are also vital for assessing the 

crop performance and fine tuning the resource 

management in newer areas. Nigella is a long 

day plant and interaction with the sowing 

window is crucial in the success of the crop. 

Further, optimal crop stand and its interaction 

with season influences the geo-spatial 

adjustment of the plant, finally yield attributes 

and yield. The relationship of yield and 

spacing is complex is generally spreads in 

normal distribution unless otherwise special 

interventions are taken up. So, optimization of 

plant population to a particular plane is very 

important for realizing maximum productivity 

of the crop. The medicinal use of the crop 

superseded the spice use, thus quality has 

attained supreme status. Sowing window, 

crop geometry and nutrient management are 

critical factors that affect quality in a great 

span. Assessment of quality, in newer areas of 

introduction, is not only essential but also 

critical in promoting the crop in a large way 

(Wiersum et al., 2006). The success of any 

new introduction depends on the available 

scientific wisdom and crop performance data 

to a large extent. Often, lack of such data 

prevents successful establishment of the crop 

beyond the preliminary evaluation sites. In 

view of the neophytic nature of the crop in 
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Coastal Humid Tropic of India, a systematic 

study on the effect of date of sowing and plant 

densities on growth, yield and quality of 

nigella was under taken during winter 

growing season (rabi).  

 

Materials and Methods 

 

The present investigation was conducted 

during winter seasons of 2012-13 and 2013-

14 at Horticultural Research Station, Lam 

(Andhra Pradesh), India. The experimental 

site is situated at an altitude of 31.5 meters 

above mean sea level, 16
0
 18' N latitude, 80

0
 

29' E longitude in the Coastal Humid Tropic 

Agro-climatic Zone, India. The experimental 

soil belongs to the textural class of clay soil 

(vertisols), slightly alkaline in reaction (pH 

7.6), low in available organic carbon (0.35 %) 

and nitrogen (231.5 kg ha
-1

), medium in 

phosphorous (29.5 kg ha
-1

) and high in 

available potassium (675.5 kg ha
-1

) (Table 1). 

The pH of irrigation water was 7.3 and EC 

was 0.56 dS m
-1

. The experiment was laid out 

in split plot design and replicated three times. 

The dates of sowing were taken as the main-

plot treatments and plant densities were taken 

as sub-plot treatments. The seeds were 

dibbled at a depth of 1.5 cm in rows of 

desired spacing as per the treatment. A seed 

rate of 5 kg ha
-1

 was used for sowing the crop. 

Two days prior to sowing, half the dose of N 

(20 kg ha
-1

) and full dose of phosphorus (20 

kg ha
-1

) and potassium (20 kg ha
-1

) were 

applied as basal application and was properly 

mixed with the soil. Remaining half dose of 

nitrogen (20 kg ha
-1

) was applied as top 

dressing at 35 days after sowing (DAS). The 

crop was irrigated at 10 days interval 

depending upon the moisture condition of the 

experimental plot to maintain uniform soil 

moisture throughout the crop growth period. 

Regular weeding and plant protection 

measures were taken up to protect the crop 

from weed competition and pest incidence. 

Observations on germination, field 

emergence, plant growth, yield attributes, 

yield and quality parameters were recorded. 

The essential (volatile) oil content in the seed 

was determined by hydro-distillation 

according to AOAC (2000) standard method 

(962.17). The seed oil content was determined 

using the Soxhlet extraction according to the 

official method (AOAC, 2000). The seed 

protein content was assayed using the Lowry 

protocol based on Folin reaction (Lowry et 

al., 1951). The total carbohydrate in the seed 

was estimated using the Phenol Sulphuric 

acid method (Krishnaveni et al., 1984). The 

crude fibre content was estimated as per 

procedure in AOAC (2000) Method No. 32-

10. Statistical analysis for the data was done 

following the analysis of variance technique 

for split plot design as suggested by Gomez 

and Gomez (1984). Statistical significance 

was tested by applying F-test at 0.05 level of 

probability. Critical differences were 

calculated for the metric parameters and the 

traits found significant (p ≤ 0.05) were 

compared for the effects of different 

treatments.  

 

Results and discussion 

 

Weather during investigation 

 

The weekly mean maximum temperatures 

(mean of 2012 and 2013 years) ranged from 

29.1 to 34.8ºC during the investigation period. 

The mean minimum temperature ranged from 

16.2 to 25.4ºC. The weekly mean relative 

humidity (morning) ranged from 42 to 88.5 % 

(Figure 1).  

 

Field emergence and plant growth 

 

The different dates of sowing had no 

influence on the germination of nigella seed, 

which varied between 94.8 to 96.7 % (Data 

not presented). However, lower field 

emergence was observed in the crop sown 

beyond 1
st
 fortnight of November. The dates 
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of sowing and plant densities had significant 

influence on the morphological, growth, yield 

and quality attributes. The interaction was 

non-significant for all the characters studied. 

Shorter plants with less number of leaves and 

branches were recorded when the crop sown 

beyond 1
st
 fortnight of November (Table 2). 

Similarly the plant density of 50 plants m
-2

 

recorded significantly lower number of leaves 

and number of branches per plant (Table 2). 

 

The growth indices Leaf Area Index (LAI) 

and Crop Growth Rate (CGR) at 30, 60 and 

90 DAS were on par in the first three dates of 

sowing and then declined significantly. LAI 

and CGR at 30, 60 and 90 DAS were 

significantly highest in the crop sown at 50 

plants m
-2

 density (Table 2). Fresh and dry 

matter accumulation at different growth 

stages in the first three dates of sowings was 

on par, and then declined significantly (Table 

3). Fresh and dry matter accumulation at 30, 

60 and 90 DAS was lowest in the plant 

density of 50 plants m
-2

. The total leaf 

chlorophyll content at 50 % flowering was 

significantly lowest in the crop sown during 

1
st
 fortnight of December (2.15 mg g

-1
 fresh 

weight) and in the crop sown at 50 plants m
-2

 

density (2.16 mg g
-1

 fresh weight) (Table 4). 

There was a hastening of crop phenology with 

the delay in sowing as well as increased plant 

densities (Table 4 and Figure 2). The crop 

sown during 1
st
 fortnight of December 

recorded significantly fewer days for maturity 

(101.1 days). Among different plant densities, 

the crop sown at 50 plants m
-2

 density (104.7 

days) matured significantly earlier than other 

plant densities.  

 

Yield attributes 

 

Yield contributing characters (Table 5) like 

fresh weight of capsule, capsule weight at 

harvest, capsule diameter, number of 

capsules, number of seeds per capsule, test 

weight, capsule yield per plant, grain yield per 

plant and husk yield per plant were 

significantly higher in the crop sown between 

1
st
 fortnight of October to 1

st 
fortnight of 

November than the crop sown during 2
nd

 

fortnight of November to 1
st
 fortnight of 

December. The above attributes were 

significantly lower in the crop sown at 50 

plants m
-2

 density during the study.  

 

The seed yield (q ha
-1

), stalk yield (g m
-2

), 

fixed oil yield (kg ha
-1

) and essential oil yield 

(L ha
-1

) were on par in the first three dates of 

sowing then declined significantly. Maximum 

grain yield (789 kg ha
-1

), stalk yield (166.5 g 

m
-2

) and essential oil yield (2.89 l ha
-1

) was 

recorded in the crop sown during the 2
nd

 

fortnight of October. Seed yield (848 kg ha
-1

), 

stalk yield (197.1 kg m
-2

) and essential oil 

yield (2.99 L ha
-1

) were significantly higher in 

the crop sown at 50 plants m
-2

 density. The 

fixed oil yield recorded in the first three 

sowings was on par and significantly higher 

than the sowings during 2
nd

 fortnight of 

November (247.1 kg ha
-1

) and 1
st
 fortnight of 

December (238.8 kg ha
-1

). The fixed oil yield 

recorded with the crop sown at 50 plants m
-2 

(299.0 kg ha
-1

) and
 
33.3 plants m

-2 
(284.6 kg 

ha
-1

) were on par and significantly higher over 

the observation recorded with 25 plants m
-2 

(220.8 kg ha
-1

).  

 

Quality 

 

The essential oil and fixed oil contents of the 

seed were lower in the last two sowings 

(Table 6). However, the studied plant 

densities did not impact the essential oil 

content of the seed. Higher fixed oil content 

was recorded with the plant density of 25 and 

33.33 plants m
-2 

(36.6 and 36.5 % w w
-1

, 

respectively). Seed protein and carbohydrate 

contents increased in their proportions with 

delay in sowing. However, the significantly 

lowest protein and highest carbohydrate 

contents were observed in the crop sown at 50 

plants m
-2

 density (179.0 and 326.4 g kg
-1

, 
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respectively). The seed moisture, ash and 

crude fibre contents of seed were not 

influenced by the dates of sowing, plant 

densities and their interaction.  

 

The decrease in field emergence observed 

with delayed sowing might be due to the 

interference of daily minimum temperatures 

(ranged between 16.2
 
to 25.2ºC, during study 

period) with germination as reported by 

Ghaderi et al., (2008).  

 

When the crop was sown during second 

fortnight of November and first fortnight of 

December, there was a reduction in many 

growth parameters of the plant. In such late 

sown crop, lower minimum temperatures 

during early crop growth, subsequent increase 

in sunshine hours and light intensities might 

have caused quick depletion of photosynthetic 

reserves affecting growth. The availabe 

photosynthetic active radiation within the 

crop canopy might also be responsible for 

reducing the ability of plants to synthesize 

photosynthates and shortening of crop 

phenology. Hafez (1998) and Jafari (2013) 

recorded similar observations in their studies 

on nigella. The differences in CGR in 

different dates of sowing were mainly due to 

the differences in the production of leaves and 

leaf expansion as indicated by the LAI (Table 

3). The higher LAI in the early sowing dates 

improved the photosynthetic capacity and 

production of assimilates thus contributing to 

the higher CGR. According to Wolf and 

Carson (1973), the impact of season on the 

crop could be critically captured by the 

growth analysis using CGR, which was also 

observed in the present investigation. Delayed 

sowing was reported to have affected the dry 

matter accumulation negatively in various 

studies (Moghaddam and Motlagh, 2007; 

Jafari, 2013). The increase or decrease in LAI 

has a direct effect on plant growth rate as it 

represents the photosynthesis capacity and 

assimilates production of the crop per unit 

area (Watson, 1958), which is influenced by 

the season of crop growth. The significant 

reduction in LAI in the last two dates of 

sowing indicated the decreasing capacity of 

the crop to produce photosynthates due to 

influence of climatic variations during the 

crop season. Ganjali and Yadegari (2008) 

reported significant reduction in LAI with 

delay in sowing of nigella. 

 

 

Fig.1 Meteorological data (Mean) during the experimentation 
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Fig.2 Gantt chart of duration (days) taken for various phases of crop phenology 
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Table.1 Physical and chemical properties of the experimental soil 

 

S. No. Particulars Value 

I Mechanical Analysis 

 Sand (%) 24.0 

 Silt (%) 18.0 

 Clay (%) 58.0 

  Textural class Clay 

II Physical Properties 

 Bulk density (gm cm
-3

) 1.22 

 Water Holding Capacity (%) 47.0 

 Porosity (%) 0.45 

  Hydraulic conductivity (cm hour
-1)

 1.4 

III Physico-chemical properties 

 Soil pH 7.6 

 Electrical conductivity (dS m
-1

 at 25 
O
C) 0.26 

  CEC (me g
-1

) 0.53 

IV Chemical properties 

 Organic Carbon (%) 0.35 

 Available Nitrogen (kg ha
-1

)  231.5 

 Available Phosphorus (kg ha
-1

) 30.0 

 Available Potassium (kg ha
-1

) 675.5 
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Table.2 Influence of dates of sowing and plant densities on field emergence, plant height (cm), number of leaves and branches 

 

Treatment 

Field 

emergence 

(%) 

Plant height (cm)  Number of leaves  Number of branches  

 30 

DAS 

 60 

DAS 

 90 

DAS 

 

Harvest 

 30 

DAS 

 60 

DAS 

 90 

DAS 

 30 

DAS 

 60 

DAS 

 90 

DAS 

 

Harvest 

Date of sowing 
S1 (1

st
 FN of October) 95.8 (73.6) 16.2 34.6 42.4 42.8 10.5 42.6 43.8 0.68 7.5 8.4 8.8 

S2 (2
nd

 FN of October) 95.8 (73.7) 15.8 33.5 42.3 42.0 10.4 43.1 44.8 0.62 7.5 8.5 8.9 
S3 (1

st
 FN of November) 96.3 (74.9) 16.0 33.4 42.2 41.8 10.6 42.9 45.6 0.60 7.4 8.3 8.7 

S4 (2
nd

 FN of November) 93.2 (68.8) 14.7 32.1 35.0 36.3 8.9 38.6 39.3 0.55 6.7 7.6 7.6 
S5 (1

st
 FN of December) 91.7 (66.5) 14.0 31.9 35.0 36.4 8.7 38.0 37.6 0.55 6.4 7.3 7.7 

CD (p=0.05) 3.43 1.13 NS 2.26 NS 0.75 1.48 2.87 NS 0.54 NS 0.69 
Plant densities  
D1 (50 plants m

-2
) 94.8 (72.1) 15.2 33.1 39.5 40.2 9.0 36.4 36.6 0.55 6.7 7.6 7.8 

D2 (33.3 plants m
-2

) 94.2 (70.7) 15.3 33.2 39.2 39.5 10.2 43.0 44.7 0.61 7.3 8.2 8.6 
D3 (25 plants m

-2
) 94.7 (71.8) 15.4 33.1 39.4 39.9 10.3 43.8 45.4 0.64 7.3 8.2 8.6 

CD (p=0.05) NS NS NS NS NS 0.4 1.18 1.26 NS 0.3 0.35 0.36 
 

Table.3 Influence of dates of sowing and plant densities on leaf area index, crop growth rate, fresh and dry matter accumulation 

 

Treatment 

Leaf Area Index Crop Growth Rate 

 (g m
-2

 day
-1

)  

Fresh matter of  

aerial part (g plant
-1

)  

Dry weight of  

aerial part (g plant
-1

)  

30 

DAS  

60 

DAS 

90 

DAS 

30 

DAS  

60 

DAS 

90 

DAS 

30 

DAS  

60 

DAS 

90 

DAS 

30 

DAS  

60 

DAS 

90 

DAS 

Date of sowing 
S1 (1

st
 FN of October) 0.24 0.51 0.59 0.55 2.67 4.26 3.7 10.6 13.5 0.47 2.67 6.24 

S2 (2
nd

 FN of October) 0.25 0.52 0.62 0.57 2.72 4.25 3.7 10.7 13.5 0.47 2.72 6.32 
S3 (1

st
 FN of November) 0.24 0.51 0.60 0.55 2.67 4.16 3.6 10.6 13.5 0.46 2.67 6.19 

S4 (2
nd

 FN of November) 0.22 0.47 0.55 0.52 2.36 3.86 3.4 9.8 12.6 0.43 2.36 5.67 
S5 (1

st
 FN of December) 0.21 0.47 0.54 0.51 2.36 3.67 3.4 9.7 12.5 0.42 2.36 5.52 

CD (p=0.05) 0.01 0.02 0.03 0.02 0.21 0.26 0.16 NS 0.64 0.02 NS 0.27 
Plant densities 
D1 (50 plants m

-2
) 0.32 0.62 0.74 0.72 2.81 4.63 3.4 9.3 12.2 0.43 2.19 5.12 

D2 (33.3 plants m
-2

) 0.22 0.49 0.57 0.51 2.67 4.23 3.6 10.6 13.5 0.46 2.68 6.38 
D3 (25 plants m

-2
) 0.16 0.38 0.44 0.39 2.18 3.25 3.6 11.0 13.6 0.46 2.81 6.46 

CD (p=0.05) 0.01 0.02 0.02 0.01 0.12 0.18 0.12 0.35 0.23 0.01 0.14 0.18 
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Table.4 Influence of dates of sowing and plant densities on chlorophyll, phenology, number of capsules, capsule weight and size 

 

Treatment 

Chlorophyll 

(mg g
-1

) 

  

Number of days to  Number 

of 

capsules 

plant 

  

Capsule weight 

(g fruit
-1

) 

Capsule 

 Flower 

initiation 

 First 

fruit 

set 

50% 

flowering  

Maturity  Fresh Harvest Length 

(cm) 

Diameter 

(cm) 
Dates of sowing 
S1 (1

st
 FN of October) 2.41 46.55 52.1 62.4 110.1 18.2 0.72 0.23 1.05 0.86 

S2 (2
nd

 FN of October) 2.44 46.50 51.9 62.7 110.2 19.0 0.74 0.24 1.06 0.87 
S3 (1

st
 FN of November) 2.43 46.68 51.6 62.3 110.4 17.4 0.71 0.24 1.05 0.86 

S4 (2
nd

 FN of November) 2.29 44.77 49.1 59.6 104.8 14.1 0.66 0.22 1.00 0.81 
S5 (1

st
 FN of December) 2.15 43.33 48.0 57.8 102.1 13.1 0.64 0.22 0.99 0.79 

CD (p=0.05) 0.04 0.4 0.86 0.7 2.01 1.86 0.05 0.01 NS 0.04 
Plant densities 
D1 (50 plants m

-2
) 2.16 43.93 48.8 59.0 104.7 10.9 0.64 0.19 1.01 0.81 

D2 (33.3 plants m
-2

) 2.40 46.37 51.5 61.7 108.8 19.1 0.72 0.25 1.04 0.84 
D3 (25 plants m

-2
) 2.46 46.39 51.4 62.3 109.1 19.0 0.72 0.25 1.04 0.86 

CD (p=0.05) 0.04 0.56 0.56 0.56 0.85 0.82 0.02 0.01 0.02 0.02 

 

Table.5 Influence of dates of sowing and plant densities on number of seeds per capsule, test weight and yield parameters 

 

Treatment 
Number of 

seeds per 

capsule 

Test weight 

(g 1000 

seed
-1

) 

Capsule 

yield (g 

plant
-1

) 

Seed yield 

per plant (g) 

Husk yield 

per plant (g) 

Stalk yield 

(g m
-2

) 

Seed yield 

(kg ha
-1

) 

Harvest 

Index 

Date of sowing 

  

  

  

  

  

  

  

  

S1 (1
st
 FN of October) 63.2 1.68 3.8 2.2 1.6 161.1 777.0 0.33 

S2 (2
nd

 FN of October) 64.3 1.71 3.9 2.2 1.7 166.5 789.0 0.33 
S3 (1

st
 FN of November) 63.5 1.67 3.8 2.2 1.6 161.4 761.5 0.32 

S4 (2
nd

 FN of November) 59.1 1.57 3.4 2.0 1.4 147.8 703.5 0.33 
S5 (1

st
 FN of December) 59.2 1.54 3.3 1.9 1.4 146.8 683.5 0.32 

CD (p=0.05) 1.06 0.05 0.14 0.09 0.06 5.74 23.8 NS 
Plant densities 

  

  

  

  

  

  

  

  

D1 (50 plants m
-2

) 60.4 1.56 2.9 1.7 1.2 197.1 848.0 0.30 
D2 (33.3 plants m

-2
) 62.5 1.66 4.0 2.3 1.7 155.3 778.0 0.33 

D3 (25 plants m
-2

) 62.7 1.68 4.1 2.4 1.7 117.8 602.0 0.34 
CD (p=0.05) 0.97 0.03 0.11 0.06 0.06 3.67  24.4 0.01 
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Table.6 Influence of dates of sowing and plant densities on essential oil yield, fixed oil yield and seed quality 

 

Treatment 

Essential 

oil yield 

(L ha
-1

) 

Fixed oil 

yield (kg 

ha
-1

) 

Essential oil 

content  

(% v w
-1

)  

Fixed oil 

content  

(% w w
-1

)  

Protein 

content 

(g kg
-1

)  

Carbohydrate 

content (g kg
-1

)  

Moisture 

content  

(% w w
-1

)  

Ash  

(% w w
-

1
)  

Cruder 

fibre  

(% w w
-1

)  

Date of sowing 

  

  

  

  

  

  

  

  

  

S1 (1
st
 FN of October) 2.84 290.6 0.37 (0.21) 36.9 179.0 293.4 7.6 4.8 5.13 

S2 (2
nd

 FN of October) 2.89 285.3 0.37 (0.21) 36.8 181.9 295.0 7.6 4.8 5.12 

S3 (1
st
 FN of November) 2.76 279.0 0.36 (0.21) 36.7 184.6 300.6 7.7 4.9 5.10 

S4 (2
nd

 FN of November) 2.43 247.1 0.34 (0.20) 35.1 196.1 324.1 7.6 4.8 5.13 

S5 (1
st
 FN of December) 2.24 238.8 0.33 (0.19) 35.0 197.5 330.0 7.2 4.8 5.11 

CD (p=0.05) 0.08  15.7 0.01 0.51 8.24 15.63 NS NS NS 

Plant densities 

  

  

  

  

  

  

  

D1 (50 plants m
-2

) 2.99 299.0 0.35 (0.2) 35.2 179.0 326.4 7.5 4.8 5.12 

D2 (33.3 plants m
-2

) 2.78 284.6 0.36 (0.2) 36.5 191.5 300.6 7.6 4.8 5.11 

D3 (25 plants m
-2

) 2.12 220.8 0.35 (0.2) 36.6 192.9 298.9 7.5 4.8 5.12 

CD (p=0.05) 0.09  9.5 NS 0.57 4.08 10.54 NS NS NS 

 

 

 



Int.J.Curr.Microbiol.App.Sci (2017) 6(9): 499-512 

508 

 

The decrease in leaf number, branches, fresh 

and dry matter accumulation and increase in 

LAI and CGR with the increase in plant 

density might be due to inter-plant 

competition for various critical resources like 

growing space, water, nutrients and light. 

Various studies indicated that the increase in 

plant densities affected number of branches 

(Tuncturk et al., 2005), leaf number (Ayub et 

al., 2008), fresh and dry matter accumulation 

(Bahraminezhad and Papzan, 2006), LAI and 

CGR (Mollafilabi et al., 2009). 

 

The higher capsule number per plant, weight, 

size, seeds per capsule, test weight of seed 

and grain yield with early sowing might be 

due to increased availability of photosynthates 

which is substantiated by the higher LAI and 

CGR in the crop sown between 1
st
 fortnights 

of October to 1
st
 fortnight of November 

(Tables 2 to 6).  

 

Reduced growth and yield in delayed sowing 

was attributable to changes in the radiation, 

sunlight hours and temperature which are 

unfavourable to the crop. The advantage of 

suitable season and time of sowing is 

irreplaceable with any other agronomic 

management. The advantage of suitable time 

of sowing was reported in different farming 

situations (D’Antuono et al., 2002; Talafih et 

al., 2007; Malhotra and Vashishtha, 2008; 

Kadhum, 2009; Majumder et al., 2012; Islam 

and Akhtar, 2013; Vaseghi et al., 2013).  

 

The decline in fixed oil yield with the crop 

sown beyond 1
st
 fortnight of November may 

be due to unfavourable climate experienced 

by the crop for biosynthesis of fats. The 

increase in essential oil yield with early 

sowing might be due to the favourable 

meteorological inputs which enhanced the 

essential oil biosynthesis resulting in more 

plant metabolites. According to El-Mekawy 

(2012), essential oil content is always higher 

when the crop is sown early.  

The decrease in capsule number per plant, 

weight, size, seeds per capsule, test weight of 

seed and grain yield per plant with increased 

plant density might be due to the decreased 

reserve of photosynthates owing to inter and 

intra-plant competition for various resources. 

At higher populations, inter and intra-plant 

competition between vegetative and 

reproductive organs for assimilates intensifies 

and since reproductive buds are formed later 

than vegetative buds, the adverse effects of 

intensified competition impacts reproductive 

buds at the first place. On the other hand, the 

increased plant density increases respiration 

and decreases photosynthesis which leads to 

the decrease in the transfer of assimilates to 

seeds and consequently, seed yield loss. The 

plant density at spacing of 20 x 10 cm (50 

plants m
-2

) was more effective and gave 

significantly higher grain yield per hectare 

than the two other plant densities and was, 

therefore, most suitable for obtaining 

maximum yields.  

 

The higher seed yield per hectare was due to 

the higher capsule density per unit area of 

land. Higher fixed oil and essential oil yields 

observed with increased plant density were 

due to incremental contribution of individual 

plants to total yield. The negative influence of 

higher plant densities on capsule weight 

(Gholinezhad and Abdolrahimi, 2014), 

capsule number (Akbarian et al., 2013), seeds 

per capsule (Meena et al., 2011), test weight 

(Ellatif, 2008) and yield per plant (Jafari, 

2013) were reported in nigella. The increase 

in grain yield (Melkie et al., 2008; 

Abdolrahimi et al., 2012), essential oil yield 

(El-Mekawy, 2012) and fixed oil yield 

(Moosazadeh and Baradaran, 2011; 

Shabestari and Moradi, 2013) due to variation 

in plant densities was reported in different 

farming situations. 

 

The biosynthesis of essential oils is highly 

integrated with the physiology of the whole 
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plant and so depends on the metabolic state 

and preset developmental differentiation 

programme of the synthesizing tissue, which 

is environment dependent (Sangwan et al., 

2001). Environmental factors such as light, 

temperature, and moisture status can greatly 

influence the emission of volatiles and the 

yield and composition of essential oils 

(Dudareva, 2004).  

 

The differences in the essential oil content 

due to the time of sowing may be due to the 

differences in light, temperature and relative 

humidity which prevailed during different 

crop phenological stages in each sowing. The 

essential oil content was reported to vary with 

the growing season (Kizil et al., 2008) and 

time of sowing (Hafez, 1998 and El-Mekawy, 

2012).  

 

Fixed oil in germinating seed serves as an 

energy reserve and source of carbon 

precursors. Lipid content and lipid 

composition may vary with environmental 

conditions which may be adaptive or a mere 

change in enzymatic activity without 

appreciable significance to the plant 

physiology of the plant (Kuiper, 1985).  

 

The changes are often depending on 

enzymatic activity in the lipid environment. 

Season of crop growth affects not only the 

composition of fatty acids, but also the rate 

and quantity of the lipid production (Mazliak, 

1988).  

 

The higher fixed oil content with early sowing 

may be due to improved dry matter 

production and enhanced source capacity 

which might have improved the translocation 

of photo-assimilates to sink, thus promoting 

the biosynthesis of oil. These results are in 

accordance with those of Hafez (1988), 

D’Antuono (2002), Kizil et al., (2008) and El-

Mekawy (2012). The decrease in fixed in oil 

content with increased plant population may 

be due to its role in resource availability and 

allocation within the plant, thus affecting the 

biosynthesis and accumulation of fats in the 

seed. The decrease in fixed oil content with 

higher plant densities was reported by Meena 

et al., (2011), Moosazadeh and Baradaran 

(2011), Shabestari and Moradi (2013) and 

Gholinezhad and Abdolrahimi (2014).  

 

The lower protein content in the early crop 

may be due to the influence of environmental 

factors, such as photoperiod and temperature 

which may not be optimum for protein 

synthesis, while the same factors were 

favourable in the late sown crop. The higher 

protein content in widely spaced crop was 

probably due to the more availability of 

resources such as nutrients, water and light 

which might have promoted the synthesis of 

proteins.  

 

The lower carbohydrate content in the early 

crop may be due to environmental factors 

favourable for utilization of carbohydrates for 

other purposes such as lipid production which 

might have reduced the content in the seed. 

The higher carbohydrate content in closely 

spaced crop was probably due to inefficient 

utilization of carbohydrates for biosynthesis 

of lipids. The lowering protein content and 

the increase in carbohydrate content with 

increase in plant population were reported by 

Hammo (2008). 

 

The different dates of sowing had significant 

influence on growth and yield of nigella. In 

the winter crop, delay in sowing caused 

reduction in growth, yield and quality. The 

optimum sowing time in Coastal Humid 

Tropic of India was found to be between 1
st
 

fortnights of October to 1
st
 fortnight of 

November, sowing beyond this period had 

undesirable effects on the crop. Plant densities 

had significant effect on plant growth and 

quality of nigella.  
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The individual growth parameters of the crop 

were lowest in the crop sown with 50 plants 

m
-2

. However, grain, fixed oil and essential 

oil yields were higher in the density of 50 

plants m
-2

. Maximum seed yield (kg ha
-1

), 

stalk yield (g m
-2

), fixed oil yield (kg ha
-1

) 

and essential oil yield (L ha
-1

) were recorded 

in the first three dates of sowing (sowing 

window between 1
st
 fortnight of October to 1

st
 

fortnight of November) at 50 plants m
-2

 

density. 
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