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ABSTRACT 
 

Agricultural practices have direct impacts on the performance, productivity and consequently the yield of 
medicinal and aromatic plants. A filed experiment was carried out during two successive seasons of 2010/2011 
and 2011/2012 on dragon's head (Lallemantia iberica (Bieb.) Fisch. and Mey.) plant. The study was conducted 
to investigate its optimal planting date (October or November) and distance (15, 30 or 45cm) and their suitable 
interaction. The data showed that the plant growth, yield and chemical constituents were significantly influenced 
by the individual agricultural practices. The interaction of October planting date and 45cm planting distance had 
a pronounced effect on number of branches, dry weight, seeds yield/plant, total macro-nutrients, total 
carbohydrates, mucilage contents and essential and fixed oil (% and ml)/plant. Whereas, October planting date 
interacted with 15cm planting distance increased the plant height and seeds, essential and fixed oil yield/fed. 
The results reveal that planting dates and/or distances played an important role on L. iberica production and it is 
recommended to be planted early (in October) at a wide distance (45cm) for herb, seeds and oil yield/plant and 
at a close distance (15cm) for height and seeds and oil yield/fed.  
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Introduction 

 
Lallemantia iberica (Bieb.) Fisch. and Mey., commonly known as dragon's head, is an annual herb that 

belongs to Lamiaceae family and spreads in southwestern Asia and Europe (Ursu and Borcean, 2012). It grows 
well in arid zones and requires a light well-drained soil (Ion et al., 2011). The leaves develop in pairs at each 
stem node. Their edges are dentate (toothed) and each leaf has at its base one bract on each side. The branches 
form opposite in pairs from the leaves axils. The flowers are bisexual and form verticillus inflorescences placed 
in the leaf axils and are pollinated by insects (Ion et al., 2011). 

L. iberica is a valuable species, i.e. all plant parts (leaves or seeds) can be economically used (Hedrick, 
1972). However, it is mainly cultivated for its seeds that contain about 30% siccative oil with iodic index 
between 163 and 203. These seeds are used traditionally as stimulant, diuretic and expectorant as well as in food 
(Naghibi, 1999). Moreover, it is considered as a linseed substitute in a number of applications including wood 
preservative, ingredient of oil-based paints, furniture polishes, printing inks, soap making, and manufacture of 
linoleum (Ion et al., 2011). Mucilage is a polysaccharide mixture commonly found in various organs of many 
higher plant species. Due to its high variability in terms of chemical constituents, mucilage probably assumes a 
multitude of physiological functions in plants (Ghanem et al., 2010). Seed mucilage may act primarily as energy 
reserves and is used in the treatment of various disorders such as nervous, hepatic, and renal diseases 
(Amanzadeh et al., 2011). Katayoun (2006) determined the major essential oil constituents of dried aerial parts 
during the flowering stage, i.e. p-cymene (22.1%), isophytol (19.8%), T-cadinol (11.1%), 3-octanol (8.1%), 
caryophyllene oxide (7.4%) and terpinen-4-ol (5.7%). 

Studying the managing agricultural practices in the production of a crop is crucially important. Among all 
practices, planting dates and distances play important roles in the performance, production and consequently the 
yield of medicinal and aromatic plants which in turn affect the farm income and food security. Changing in 
planting date leads to significant changes in the weather which affects the total period of plant growth and 
exposure to the environment. Thus, planting date may influence the crop productivity and its inner components 
(Ebrahimi et al., 2010). The effect of planting dates on medicinal and aromatic plants was carried out by many 
investigators; Barros et al. (2004) on sunflower, Zheljazkov et al. (2008) on Coriandrum sativum, Verma et al. 
(2011) on Artemisia annua and Ullah and Honermeier (2013) on anise plant. Meanwhile, planting distances play 
important roles in manipulating the micro-climate which means better crop growth and response to inputs. A 
proper distance improves the availability of nutrients, aeration and light intensity by which the genetic potential 
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of a species can be expressed in terms of quantity (Sainath, 2009). The effect of planting distance on the growth, 
yield and active ingredients has been studied by Sharma et al. (2004) on Callicarpa macrophylla, Singh et al. 
(2006) on Curcuma aromatica, Hussein et al. (2006) on Dracocephalum moldavica and Ramos et al. (2011) on 
Hibiscus sabdariffa.  

Despite of L. iberica herb was introduced in several regions, limited agricultural practices have been 
conducted to explore the best production manner of this herb under Egyptian environment and consequently in 
arid and semi-arid regions. Therefore this study was carried out to determine the influence of planting dates and 
distances and their suitable interaction on dragon's head growth, herb biomass, oil yield and chemical 
constituents. 

       
Materials and Methods 
 
Plant material, cultural site and experimental design: 

 
Seeds of dragon's head (Lallemantia iberica (Bieb.) Fisch. and Mey) were imported from the Botanical 

Garden of the University of Vienna, Austria. The study was carried out at Sekem Farm located on 50km from 
Cairo north east, Sharkia Governorate, Egypt, during 2010/2011 and 2011/2012 seasons. The experimental plot 
area was 4m2 consisting of 2 rows. The distance between rows was 50cm. An enrichment fertilizer dose of 
nitrogen (N), phosphorus (P), and potassium (K) was added at the rate of 60:45:48 unit NPK/fed during site 
preparation obtained from ammonium nitrate (33% N), calcium super phosphate (15% P2O5), and potassium 
sulfate (48% K2O), respectively. The seeds were sown directly in the field on 17th of both October and 
November during the two seasons. The seedlings were thinned twice leaving one plant in each pit. The physical 
and chemical analyses of the planting soil are shown in Table 1. The temperature and relative humidity during 
both seasons are shown in Table 2. The layout of the experiment was a split plot design, the main plot was the 
planting dates (October 17th and November 17th), while the sub-plot was the planting distances (15, 30 or 45cm). 
Each treatment was replicated three times. 
 
Table 1: Physical and chemical analyses of the soil during 2010/2011 and 2011/2012 seasons. 

Season Physical analysis 
Particle size distribution (%) Soil texture 

Very 
coarse 
sand 

Coarse sand Medium sand Fine 
sand 

Very 
fine 
sand 

Silt+ 
Clay 

2010/2011 41.42 42.99 0.12 9.38 4.85 1.24 Sandy 
2011/2012 35.72 49.86 0.13 8.94 4.18 1.17 Sandy 

Season Chemical analysis 
pH EC 

(dS/m) 
Cations (meq/l) Anions (meq/l) 

Ca++ Mg++ Na+ K+ CO3
-- HCO3

- Cl- SO4
-- 

2010/2011 8.26 2.5 7.0 3.0 10.5 0.9 Nil 2.6 10.8 7.9 
2011/2012 8.15 2.1 9.0 4.5 10.9 0.8 Nil 2.2 10.9 12.1 

 
Table 2: Averages of the maximum and minimum temperature and relative humidity during 2010/2011 and 2011/2012 seasons. 

Months Temperature (oC) Relative humidity (%) 
Maximum Minimum 

 2010/2011 
October 28.37 20.36 65.11 

November 25.89 18.13 63.92 
December 20.79 13.66 63.50 
January 18.24 7.32 66.70 
February 19.76 8.09 58.57 

March 21.61 9.04 63.78 
April 25.16 11.36 60.60 
May 27.81 15.57 62.18 

 2011/2012 
October 28.39 20.03 64.41 

November 24.33 17.18 65.63 
December 19.14 8.53 65.87 
January 16.45 6.76 64.35 
February 18.13 7.14 59.12 

March 20.85 8.97 62.40 
April 26.99 12.66 58.91 
May 30.00 16.78 61.01 
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Growth and yield assessments:  
 
On the first of March and April for October and November planting dates, respectively during the two 

seasons, the plants were harvested at 75% of the full flowering stage to assess the growth and yield. Plant height 
(cm), number of branches/plant, plant dry weight (D.W.) (g/plant) and seeds yield (kg/fed) were measured. Herb 
essential oil (% and ml/plant) and seeds fixed oil (% and ml/plant) contents were also determined for both 
seasons. However, herb total macro-nutrients (N, P and K) (%), total carbohydrates (%) and essential oil 
constituents (%), in addition to seeds mucilage (%) and fixed oil fatty acids content (%) were determined in the 
second season. 
 
Chemical and oil analyses: 

 
The chemical analyses, in the second season, was carried out on oven dried herb at 70ºC to a constant 

weight and grinded to powder. Total macro and micro-nutrients were extracted from digested samples according 
to Chapman and Pratt (1961) procedure and determined as follows: N contents by the Kjeldahl technique as 
described by Nelson and Sommers (1973), P contents by Spectrophotometer as described by Murphy and Riley 
(1962), K contents by Flame Photometer according to Isaac and Kerber (1971). The total carbohydrate contents 
were determined colorimetrically using a Spectrophotometer following the phenol-sulfuric acid method 
described by Dubois et al. (1956). Mucilage content of air dried seeds was determined according to Karawya et 
al. (1980). 

Essential oil was determined in the air dried herbage by water distillation for 3h according to Guenther 
(1961). The essential oil constituents were determined by using gas liquid chromatography (GLC) model 
Dschrom 6200 series, supplemented with capillary column BPX-5 and 5% phenyl (equiv.) polysillphenylene-
siloxan 30m× 0.25mm ID×0.25µm film. Temperature program ramp increased at 10ºC/min from 70 to 190ºC. 
Flow rate of nitrogen at 1ml/min, hydrogen at 30ml/min and 330ml/min for air. Detector and injector 
temperature were 300ºC and 250ºC, respectively. The percentages of main components of volatile oil were 
calculated and their retention times were matched with those of injected authentic samples at the same 
conditions.    

Fixed oil was extracted from seeds powder by petroleum ether (40-60oC) for a period of 24h in a soxhelt 
apparatus. The solvent was evaporated by rotary evaporator and the residue was dried to a constant weight at 
95oC according to A.O.A.C. (1995). 

Fatty acids appropriately liberated by using conc HCl, they were transesterified into methyl ester (FAME) 
using N-trimthylsulfoniumhydroxide (Macherey-Nagel, Duern, Germany) according to Arens et al. (1994). 
FAME was identified on a Shimadzu gas chromatography (GC)-14A equipped with flame ionization detector 
(FID) and C-R4AX chromatopac integrator (Kyoto, Japan). The flow rate of the carrier gas helium was 
0.6ml/min and the split value with a ratio of 1:40. A sample of 1µl was injected into a 30m× 0.25 mm× 0.2 µm 
film thickens, Supelco SPTM -2380 (Bellefonte, PA, USA) capillary column. The injector and FID temperatures 
were set at 250oC/min the initial column temperature was 100oC, programmed by 5oC/min to 175oC and kept for 
10 min at 175oC, then by 8oC/min to 220oC and kept for 10 min at 220oC. A comparison of the retention times 
of the samples with those of authentic standard mixture (Sigma, St. Louis, MO, USA; 99% purity specific for 
GLC), run on the same column under the same conditions, was made to facilitate the identification.  
 
Statistical analysis: 

 
The obtained data of both seasons were statistically analyzed using analysis of variance (ANOVA) as 

described by Snedecor and Cochran (1980), using the MSTAT-C statistical software (1989) package based on 
Duncan’s Multiple Range Test to determine the statistical significant differences between treatment means at P≤ 
0.05 as outlined by Waller and Duncan (1969). However, the statistical analyses did not include the essential oil 
constituents and the fixed oil fatty acids content. 

 
Results and Discussion 
 
Growth and yield traits: 

 
Data presented in Table 3 shows the growth and yield traits of Lallemantia iberica plant as affected by 

planting dates and distances as well as their interactions during 2010/2011 and 2011/2012 seasons. The results 
indicated that the growth and yield parameters at any given distances were affected with delaying the planting 
dates. 
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Plant height: 
 

The mean values of plant height significantly increased by planting in October than in November (35.67 
and 33.11cm, respectively in the first season and 47.22 and 46.67cm, respectively in the second season). The 
values significantly decreased by increasing the planting distance from 15, 30, to 45cm (38.78, 33.28 and 
31.11cm, respectively in the first season and 50.50, 46.56 and 43.78cm, respectively in the second one). The 
interaction between the two factors reveals that October planting date at 15cm planting distance significantly 
recorded the longest plants (40.67cm in the first season and 51.78cm in the second one) while, the shortest 
plants were those planted at 45cm in November in the first (30.56cm) and in October in the second season 
(43.00cm). 

 
Number of branches/plant: 
 

October planting date significantly increased the number of branches/plant (13.33 and 14.70 in the first and 
second seasons, respectively) as compared to November planting date (11.74 and 12.70 in the first and second 
seasons, respectively). The significantly highest number of branches/plant was obtained from the wider planting 
distance (45cm) as it recorded 14.72 and 16.00 in the first and second seasons, respectively. On the other hand, 
the significantly lowest number of branches/plant was obtained from the closest planting distance (15cm) as it 
recorded 10.22 in first season and 11.33 in the second one. Regarding the interaction between planting dates and 
distances the highest number of branches/plant was obtained from plants cultivated in October and spaced in 
45cm (15.78 and 16.89 in the first and second seasons, respectively), whereas the lowest number/plant was 
obtained from plants cultivated in November and spaced at 15cm (9.88 and 10.89 in the first and second 
seasons, respectively).  

 
Plant dry weight: 

 
Plants cultivated in October resulted in the highest dry weights (23.00 and 26.49g/plant) as compared to 

those planted in November (19.93 and 24.77g/plant) in first and second seasons, respectively. Planting distance 
significantly affected the plant dry weights. The widest planting distance (45cm) recorded the heaviest plants 
(24.98 and 29.22g/plant in the first and second seasons, respectively) while, the lightest plants were obtained 
from the closest planting distance (15cm) giving 16.95 and 21.95g/plant in the first and second seasons, 
respectively. The interaction of October planting date and 45cm planting distance resulted in the heaviest plants 
(27.48 and 31.29g/plant in the first and second seasons, respectively), whereas the interaction of November 
planting date and 15cm planting distance recorded the lightest plants (15.33 and 21.73g/plant in the first and 
second seasons, respectively). 

 
Seeds yield: 
 

The seeds yield/plant significantly increased by planting in October than in November (9.87 and 
8.99g/plant, respectively in the first season and 10.18 and 9.42g/plant, respectively in the second one). The 
seeds weight increased significantly by increasing the planting distance from 15, 30, to 45cm (6.23, 10.10 and 
11.96g/plant, respectively in the first season and 6.92, 10.28 and 12.19g/plant, respectively in the second one). 
The interaction between the two factors reveals that October planting date and 45cm planting distance 
significantly produced the highest seeds weight (12.62g/plant in the first season and 12.87g/plant in the second 
one) while, the lightest seeds weight were those planted in November at 15cm (5.76g/plant and 6.77g/plant in 
the first and the second season, respectively). 

The seeds yield/fed significantly increased by planting in October than in November (285.26 and 
257.07kg/fed, respectively in the first season and 295.71 and 276.91kg/fed, respectively in the second one). The 
seeds weight decreased significantly by increasing the planting distance from 15, 30, to 45cm (332.02, 269.11 
and 212.35kg/fed, respectively in the first season and 368.61, 273.78 and 216.56kg/fed, respectively in the 
second one). The interaction between the two factors reveals that October planting date and 15cm planting 
distance significantly produced the highest seeds weight (357.3kg/fed in the first season and 376.3kg/fed in the 
second one) while, the lightest seeds weight were obtained from those planted in November at 45cm 
(200.6kg/fed and 204.6kg/fed in the first and the second season, respectively). 

The recorded effects caused by planting dates may be due to the prolonged growth period associated with 
favorable climatic conditions (Table 2) that positively affected the growth and yield (Singh et al., 1993). 
However, widening the planting distances may help in utilizing better resources and reducing the plants 
competition for resources which, in turn, enhance the growth and yield traits (Singh et al., 2006). The effect of 
planting dates and distances on both growth and yield of some medicinal and aromatic plants confirm with the 
findings of Šlapakauskas (2000) on Valeriana officinalis, Karimzadeh and Omidbaigi (2004) on Plantago ovate, 
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Omidbaigi and Madtero (2004) on Fagopyrum esculentum, Singh et al. (2006) on Curcuma aromatica and 
Ramos et al. (2011) on Hibiscus sabdariffa.  
 
Table 3: Effect of planting dates and/or distances on growth and yield traits of Lallemantia iberica plant during 2010/2011 and 2011/2012  
              seasons. 

Planting dates Planting 
distances (cm) 

Plant height  
(cm) 

Branches 
number/ plant 

Plant D.W. 
(g/plant) 

Seeds yield 
(g/plant) (kg/fed) 

  2010/2011 
October 15 40.67a 10.67cd 18.58c 6.71d 357.33a

30 34.67c 13.56b 22.95b 10.30bc 274.30bc 
45 31.67d 15.78a 27.48a 12.62a 224.13d 

Mean  35.67a 13.33a 23.00a 9.87a 285.26a 
November 15 36.89b 9.88d 15.33d 5.76d 306.72b 

30 31.89d 11.78c 21.99b 9.91c 263.91c 
45 30.56d 13.67b 22.48b 11.29b 200.57d 

Mean  33.11b 11.74b 19.93b 8.99b 257.07b 
 15 38.78a 10.22c 16.95c 6.23c 332.02a 
 30 33.28b 12.67b 22.47b 10.10b 269.11b 
 45 31.11c 14.72a 24.98a 11.96a 212.35c 
  2011/2012 

October 15 51.78a 11.78c 22.16cd 7.06d 376.33a

30 46.89abc 15.44b 26.01bc 10.60bc 282.30b 
45 43.00c 16.89a 31.29a 12.87a 228.51cd 

Mean  47.22a 14.70a 26.49a 10.18a 295.71a 
November 15 49.22ab 10.89c 21.73d 6.77d 360.88a 

30 46.22bc 12.11c 25.43bcd 9.96c 265.25bc 
45 44.56bc 15.11b 27.16b 11.52b 204.60d 

Mean  46.67a 12.70b 24.77a 9.42b 276.91b 
 15 50.50a 11.33c 21.95c 6.92c 368.61a 
 30 46.56b 13.78b 25.72b 10.28b 273.78b 
 45 43.78b 16.00a 29.22a 12.19a 216.56c 

Means followed by similar letter(s) within the same column are not significantly different at P≤ 0.05 according to Duncan’s Multiple Range 
Test. 

 
Chemical constituents: 

 
Table 4 exhibits the effect of planting dates and distances as well as their interactions on Lallemantia 

iberica plant total macro-nutrients, total carbohydrates, and its seeds mucilage during 2011/2012 season. 
Generally, the inner components were positively affected by early planting date and widening the planting 
distances.   
 
Total macro-nutrients: 

 
 The planting dates had no significant effect on nitrogen and potassium contents, while they had a 

significant effect on phosphorus content (the highest phosphorus percentage was obtained by October planting 
date showing 0.33%). The total macro-nutrients increased by increasing the planting distance. The N 
percentages were 1.67, 2.16 and 2.49, the P percentages were 0.15, 0.26 and 0.47 and the K percentages were 
4.27, 5.26 and 5.10 for 15, 30, to 45cm, respectively. The interacted factors of planting dates and distances had a 
pronounced effect on nutrients content especially the combination of October planting date and 45cm planting 
distance. The maximum percentages were 2.55, 0.51 and 5.10% for N, P and K, respectively. 

 
Total carbohydrates: 
 

No significant effect on total carbohydrates content shown by planting dates (28.11 and 26.89% for October 
and November, respectively). The widest planting distance (45cm) resulted in the highest total carbohydrates 
percentage (30.17%) while, 15 and 30cm did not show a significant difference. The interaction of October 
planting date and 45cm planting distance proved to be the most effective combination in increasing the total 
carbohydrate content (30.67%). 
 
Seeds mucilage contents: 
 

The planting dates showed a significant effect on seeds mucilage. The highest percentage was obtained by 
October planting date (15.27%) while the lowest percentage was obtained by November planting date (14.64%). 
The seeds mucilage content was also affected by planting distances. The highest seeds mucilage percentage was 
recorded in plants cultivated at 45cm planting distance (17.38%) whereas lowest mucilage percentage was 
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recorded in plants cultivated at 15cm planting distance (10.99%). The interaction between planting dates and 
distances ranged from 10.82 to 17.93%. 

These results may be reasonable as suitable environmental conditions such as temperature, humidity and 
day length in addition to wide planting distances utilize light and water and nutrients availability around the 
plant by reducing the competition (Sainath, 2009) that may encourage the photosynthesis which in turn 
accelerates the accumulation of different metabolites and chemical inner components.  These results agree with 
the findings of Meawad et al. (2000) who reported that NPK contents of Hysoscymus muticus increased by the 
early planting date (February). Ibrahem (2000) found that planting Ammi visnaga early in November increased 
carbohydrates content of leaves. El-Sherbeny et al. (2005) mentioned that the highest total carbohydrates 
content of Sideritis montana were presented by planting in the widest distance (40cm). 
 
Table 4: Effect of planting dates and/or distances on chemical constituents (%) of Lallemantia iberica plant during 2011/2012 season. 

Planting dates Planting 
distances (cm) 

Herb total macro-nutrients Total carbohydrates Seeds 
mucilage N P K 

October 15 1.80cd 0.16d 4.44b 26.00bc 11.15b

30 2.26ab 0.32c 5.25a 27.67abc 16.73a

45 2.55a 0.51a 5.10a 30.67a 17.93a

Mean  2.20a 0.33a 4.93a 28.11a 15.27a

November 15 1.55d 0.14d 4.10b 24.33c 10.82b

30 2.06bc 0.20d 5.27a 26.67abc 16.29a

45 2.44a 0.43b 5.06a 29.67ab 16.82a

Mean  2.02a 0.26b 4.81a 26.89a 14.64b

 15 1.67c 0.15c 4.27b 25.17b 10.99b

 30 2.16b 0.26b 5.26a 27.17b 16.51a

 45 2.49a 0.47a 5.10a 30.17a 17.38a

Means followed by similar letter(s) within the same column are not significantly different at P≤ 0.05 according to Duncan’s Multiple Range 
Test. 

 
Oil content: 

 
Lallemantia iberica essential oil, seeds fixed oil, essential oil chemical constituents, and fixed oil fatty acids 

content as affected by planting dates and distances are presented in Tables 5, 6, and 7 and Figures 1 and 2. The 
data demonstrated that both factors specifically affected the oil content. 

 
Essential oil content: 
 

October planting date gave the highest essential oil percentage (0.154 and 0.167% in the first and second 
seasons, respectively), whereas November planting date gave the lowest essential oil percentage (0.147 and 
0.161% in the first and second seasons, respectively). Planting at the widest distance (45cm) resulted in the 
highest essential oil percentage (0.162 and 0.180% in the first and second seasons, respectively), while 
decreasing the distance to 15cm gave the lowest essential oil percentage (0.135 and 0.140% in the first and 
second seasons, respectively). Among all interaction treatments, the first planting date (October) combined with 
the widest planting distances (45cm) produced the highest oil percentage (0.167 and 0.184% in the first and 
second seasons, respectively). 

October planting date produced the highest value of essential oil/plant (0.036 and 0.045ml/plant in the first 
and second seasons, respectively) than, November planting date (0.030 and 0.040ml/plant in the first and second 
seasons, respectively). The wide planting distances (45cm) gave the highest value of essential oil (0.041ml/plant 
in the first season and 0.053ml/plant in the second). On the other hand, the closest planting distance (15cm) 
produced 0.023ml/plant in the first season and 0.031ml/plant in the second one. The interaction between 
October planting date and 45cm planting distance produced the highest essential oil yield/plant (0.046ml/plant 
in the first season and 0.058ml/plant in the second one). 

The highest oil yield per feddan during the first and second seasons were obtained from plants cultivated in 
October (1.046 and 1.304 l/fed in the first and second seasons, respectively). The closest planting distance 
increased the essential oil to reach 1.226 and 1.637 l/fed in the first and second seasons, respectively. Plants 
cultivated in October at the closest distance (15cm) resulted in the highest oil yield/fed (1.360 and 1.682 l/fed in 
the first and second seasons, respectively). 

     
Seeds fixed oil content: 
 

October planting date produced the highest value of seeds fixed oil percentage (25.11%) than November 
planting date (24.00%) in the first season, whereas no significant differences occurred during the second season 
between October and November planting dates (24.00 and 25.78%, respectively). The planting distances 
affected the fixed oil content, the widest planting distance (45cm) gave the highest percentage of fixed oil (26.17 
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and 26.67% in the first and second seasons, respectively). On the other hand, the closest planting distance 
(15cm) produced 23.33% in the first season and 23.50% in the second one. The highest fixed oil percentage was 
determined from the interaction between October planting date and 45cm planting distance in the first season 
(26.67%) while, in the second season the interaction between November planting date and 45cm planting 
distance produced 27.67%. 

The highest yield of fixed oil/plant was obtained from plants cultivated in October in both seasons (2.50 and 
2.47ml/plant in the first and second seasons, respectively).  Gradual increase of planting distances significantly 
increased the fixed oil yield during both seasons. The highest values of fixed oil yield/plant were obtained from 
plants cultivated at 45cm (3.14 and 3.24ml/plant in the first and second seasons, respectively). On the other 
hand, the closest planting distance (15cm) resulted in the lowest mean value of fixed oil yield (1.46 and 
1.63ml/plant in the first and second seasons, respectively). The interaction of October planting date and 45cm 
planting distance recorded the highest fixed oil yield per plant in the first and second seasons, respectively (3.37 
and 3.30ml/plant). The lowest mean values of fixed oil yield were obtained as a result of the combination 
between November planting date with 15cm planting distance (1.30ml/plant) in the first season and the 
combination between October planting date with 15cm planting distance (1.60ml/plant) in the second one. 

The highest yield of fixed oil/feddan was obtained from plants cultivated in October in both seasons (71.13 
and 70.28 l/fed in the first and second seasons, respectively).  Gradual increase of planting distances 
significantly decreased the fixed oil yield during both seasons. The highest values of fixed oil yield were 
obtained from plants cultivated at 15cm (77.65 and 86.58 l/fed in the first and second seasons, respectively). On 
the other hand, the widest planting distance (45cm) resulted in the lowest mean value of fixed oil yield (55.65 
and 57.56 l/fed in the first and second seasons, respectively). The interaction of October planting date and 15cm 
planting distance recorded the highest fixed oil yield in the first season (85.71 l/fed), where the combination 
between November planting date and planting distance at 15cm gave the highest mean value of fixed oil yield in 
the second season (87.82 l/fed). The lowest mean values of fixed oil yield were obtained as a result of the 
combination between November planting date with 45cm planting distance (51.47 l/fed in the first season and 
56.54 l/fed in the second one). 

        
Essential oil constituents: 

 
The total identified components of essential oil in the second season ranged from 16 to 23 representing total 

identified range of 86.54 to 99.92% as a result of the interaction between planting dates and distances. 
Caryophyllene and germacrene, for instance, were found to be two major components ranging from 24.82 to 
27.52% and from 15.88 to 33.92%, respectively. Lemonene was also one of the major identified components it 
ranged from 6.11 to 10.17%, while δ-cadinene ranged from 5.71 to 11.60%. Regarding the effect of the 
interaction on the range of total unoxygenated and oxygenated essential oil constituents, the analysis showed 
that the unoxygenated range was 71.95 to 86.37% and the oxygenated range was 9.93 to 23.40%. 

The combination between planting dates and planting distance affected the main constituents of essential 
oil. Caryophyllene reached the maximum value (27.52%) as a result of the combination between October 
planting date and 15cm planting distance as compared with the other treatments, while the minimum percentage 
of caryophyllene (24.82%) was determined from plants cultivated in November at 30cm. Germacrene reached 
the maximum percentage (33.92%) as a result of the combination between November planting date and 45cm 
planting distance, while for lemonene, the interaction between November planting date and 30cm planting 
distance resulted in the highest percentage (10.17%). Moreover, δ-cadinene recorded 11.60% as a result of 
planting in November at 30cm.        

 
Fixed oil fatty acids content: 
 

The identified components of fatty acids ranged from 99.16 to 99.96%. Total saturated acids ranged from 
20.66% to 24.01% while, total unsaturated acids ranged from 75.93% to 79.08%. α linolenic acid, for instance, 
was identified as the major fatty acid ranging from 61.26 to 64.32%. The other main fatty acid was linoleic acid 
ranging from 12.01% to 14.60%. Oleic acid was also identified as one of the main fatty acids presenting a range 
of 11.20 to 13.37%. Regarding the effect of the interaction on the range of total unsaturated and unsaturated 
fatty acids, the analysis showed that the unsaturated range was 75.93 to 79.08% and the saturated range was 
20.66 to 24.01%. 

The combination between planting dates and planting distance affected the main constituents of fatty acid. α 
linolenic acid reached the maximum value (64.32 %) as a result of the combination between November planting 
date and 15cm planting distance as compared with the other treatments, while the minimum percentage of α 
linolenic acid (61.26%) was determined from plants cultivated in October at 30cm. Linolenic acid reached the 
maximum percentage (14.60%) as a result of the combination between October planting date and 45cm planting 
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distance, while for oleic acid, the interaction between October planting date and 30cm planting distance resulted 
in the highest percentage (13.37%).  
 
Table 5: Effect of planting dates and/or distances on oil content of Lallemantia iberica plant during 2010/2011 and 2011/2012 seasons. 

Planting dates Planting 
distances (cm) 

Herb essential oil Seeds fixed oil 
(%) (ml/plant) (l/fed) (%) (ml/plant) (l/fed)

 2010/2011
October 15 0.137d 0.026c 1.360a 24.00ab 1.61d 85.71a

30 0.158b 0.036b 0.964bc 24.67ab 2.54c 67.96bc

45 0.167a 0.046a 0.814c 26.67a 3.37a 59.85cd

Mean 0.154a 0.036a 1.046a 25.11a 2.50a 71.13a

November 15 0.133d 0.021d 1.092b 22.67b 1.30e 69.62b

30 0.149c 0.033b 0.871c 23.67ab 2.35c 62.07bc

45 0.158b 0.036b 0.629d 25.67ab 2.90b 51.47d

Mean 0.147a 0.030b 0.864b 24.00a 2.18b 61.05b 

 15 0.135c 0.023c 1.226a 23.33b 1.46c 77.65a

 30 0.153b 0.035b 0.918b 24.17ab 2.45b 64.88b

 45 0.162a 0.041a 0.722c 26.17a 3.14a 55.65c

 2011/2012
October 15 0.142b 0.032c 1.682a 22.67c 1.60c 85.34a

30 0.175a 0.045b 1.209b 23.67bc 2.50b 66.84b

45 0.184a 0.058a 1.023bc 25.67ab 3.30a 58.64b

Mean 0.167a 0.045a 1.304a 24.00a 2.47a 70.28a

November 15 0.138b 0.030c 1.592a 24.33bc 1.65c 87.82a

30 0.169a 0.043b 1.145b 25.33ab 2.53b 67.21b

45 0.178a 0.048ab 0.853c 27.67a 3.19a 56.54b

Mean 0.161a 0.040b 1.197b 25.78a 2.45a 70.56a

 15 0.140b 0.031c 1.637a 23.50b 1.63c 86.58a

 30 0.172a 0.044b 1.177b 24.50b 2.52b 67.03b

 45 0.180a 0.053a 0.938c 26.67a 3.25a 57.56c

Means followed by similar letter(s) within the same column are not significantly different at P≤ 0.05 according to Duncan’s 
Multiple Range Test. 
 
Table 6: Effect of planting dates and distances interactions on essential oil constituents of Lallemantia iberica plant during 2011/2012  
              season. 

Essential oil constituents (%) October planting date November planting date 
Planting distances (cm) Planting distances (cm) 

15 30 45 15 30 45
α-pinene 0.54 1.05 2.92 3.27 1.46 0.11
β-pinene -- 1.03 1.75 0.02 1.36 0.71
Sabinene -- 3.45 4.13 2.80 2.39 --

Furan 2-pentyl -- -- -- 0.11 -- --
Myrcene -- -- -- 0.10 -- --

Lemonene 8.08 6.11 8.96 8.02 10.17 7.97
Geraniol 1.33 0.94 1.56 1.51 1.94 0.09

β-fenchyl alcohol 1.99 1.35 1.66 0.84 0.64 1.69
geranyl alcohol 1.50 1.46 1.74 1.93 1.97 0.56
α-copaene -- -- -- 0.37 -- 1.70

Trans-b-damascenane -- -- -- 0.24 -- --
α-terpenin aciton 4.49 3.58 5.09 6.90 3.42 2.78
Caryophyllene 27.52 26.49 24.92 25.50 24.82 25.76
β-farnesene 3.02 3.45 3.80 2.12 2.17 2.87
Germacrene 23.11 30.00 22.08 18.69 15.88 33.92

Eremoligenol 5.11 5.95 3.98 0.76 0.94 1.30
Bicyclogermacrene 2.20 1.93 1.58 0.62 -- 0.48

δ-cadinene 10.13 7.18 5.71 8.02 11.60 6.31
Dodecene-4-yne(z) 1.30 0.63 1.21 1.28 1.15 2.57

Aromadendrene 1.38 1.33 -- 2.03 2.47 2.96
α-cadinol -- -- -- 0.87 0.76 0.30

Patchoulene 3.36 3.97 1.98 2.16 0.95 3.97
β-oplopenone 0.89 -- -- 8.20 2.47 0.27

Total identified 95.83 99.92 93.05 96.37 86.54 96.30
Total oxygenated 16.57 14.63 14.01 23.40 14.59 9.93

Total unoxygenated 79.26 85.29 79.04 72.97 71.95 86.37
 

The reflection on oil content and constituents as a result of planting dates and distances effects may be due 
to the fact that early planting helped the plant to make better use of the environmental conditions that could be 
considered as a determining factor for oil percentage and yield. Delaying the planting exposes the plant to 
unfavorable weather conditions that may cause reduction of oil yield. The increase in essential oil percentage 
resulted from the wider distance may be due to the pronounced effect on growth that reflected on essential oil 
content. Planting on the closest distance increased the seeds yield/fed which in turn increase the fixed oil yield. 
Singh et al. (2003) obtained the highest oil percentage from Mentha citrata by planting on 17th March compared 
with former planting date (15th December). These results also agree with the findings of Omidbaigi et al. (2006) 
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on Fagopyrum esculentum, Zheljazkov et al. (2008) on Coriandrum sativum, Verma et al. (2011) on Artimisia 
annua and Ullah and Honermeier (2013) on anise plant. 
 
Table 7: Effect of planting dates and distances interactions on fixed oil fatty acids content of Lallemantia iberica during 2011/2012 season. 

Fixed oil fatty acids content (%) October planting date November planting date 
Planting distances (cm) Planting distances (cm) 

15 30 45 15 30 45
Palmitic acid C16:0 6.68 7.48 6.91 6.14 7.14 7.11

Palmitoleic acid  C16:1 0.15 0.25 0.16 0.18 0.33 0.15
Stearic acid C18:0 2.34 2.46 2.41 2.92 2.48 2.72
Oleic acid  C18:1 12.76 13.37 13.14 11.20 12.35 12.05

Linoleic acid  C18:2 13.18 13.28 14.60 13.60 12.80 12.01
α-linolenic acid  C18:3 63.58 61.26 61.41 64.32 62.30 63.44
Arachidic acid  C20:0 0.23 0.45 0.34 0.22 0.56 0.43

Arcachidonic acid  C20:4 1.04 1.39 0.98 1.16 1.44 1.25
Total identified 99.96 99.94 99.95 99.74 99.40 99.16

Total saturated acids 22.16 24.01 22.96 20.66 22.86 22.46
Total unsaturated acids 77.80 75.93 76.99 79.08 76.54 76.70

 

 
Fig. 1: Effect of planting dates and distancees interaction on essential oil total oxygenated and unoxygenated 

constituents of Lallemantia iberica plant during 2011/2012 season. 
 

 
Fig. 2: Effect of planting dates and distancees interaction on fixed oil total saturated and unsaturated fatty acids 

content of Lallemantia iberica plant during 2011/2012 season. 
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Conclusion: 
 
Agricultural practices represented in planting dates and distances showed direct impacts on the 

performance, productivity and yield of Lallemantia iberica (Bieb.) Fisch. and Mey.) plant. The best growth 
behavior/plant was obtained under early plantation by widening the planting distances. Early planting date and 
close planting distance positively affected the seeds and oil yield/fed. This study opens a path for further 
specific studies on suitable agronomical conditions to reach the production quality of this economical plant. 
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