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ABSTRACT     
                               

This study was conducted during two successive seasons (2017/2018 and 2018/2019) to 
investigate the effect of different planting locations (Aswan, Elmenya, Elsharkia and Bahariya Oasis) 
on the yield characters and fixed oil of Camelina plants. The results indicated that Aswan location is 
the best location for cultivation of this plant, which recorded the highest values of growth, yield and 
its component (plant height, branches number and seed yield) as well as the fixed oil content 
(percentage and g/plant and Kg/hectare). The main fatty acid was α-linolenic acid which ranged from 
38.87 to 40.01% followed by linoleic (15.99 – 16.95%). 
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Introduction 
 

Camelina (Camelina sativa L.) known as false flax or gold of pleasure, belongs to Brassicaceae 
annual or summer oil seed plant originated from the Mediterranean and Central Asia (Zubr, 1997; 
Ionescu and Roman, 2009). It has been cultivated in Europe for centuries and is used as the most 
important oil crop from the Bronze and Iron Ages until the beginning of the Industrial Revolution 
(Ionescu and Roman, 2009). The interest in camelina increased due to its very low requirements for 
tillage and weed control (Budin et al., 1995; Abramovič and Abram, 2005) as well as to high α-
linolenic acid (38%) content of its oil (Zubr, 1997). Alpha-linolenic acid is a omega-3 fatty acid 
which is generally found in significant quantities only in linseed and fish oils (Crowley and Frhlich, 
1998) and can reduce the incidence of cardiovascular disease as well as various health risks in humans 
(Ruxton et al., 2007). Camelina oil also is high in omega-6 fats (linoleic acid, approx. 15-20%), 
vitamin E (approx. 110 mg/100g) and natural antioxidants such as tocopherols (Ionescu and Roman, 
2009). Therefore, camelina offers an opportunity to supply the growing demand for high quality 
edible oils (Zurb, 1997). Camelina is particularly competitive in semi-arid regions and in relatively 
infertile or saline soils, and it is extremely resistant to adverse environmental conditions (e.g., 
drought). Egypt climate is arid and semi-arid desert, characterized by hot dry summers, moderate 
winters, and very little rainfall. For increasing the cultivation area and the production of medicinal and 
aromatic plants The Egyptian government work hard to reclaim new lands. Thus, this work was 
conducted to evaluate the effect of different planting locations on yield characters and fixed oil of 
Camelina (Camelina sativa L.). 
 
Materials and Methods  
 

Plant material, culture sites and experimental design: 
 

This work was carried out during the two successive seasons (2017/2018 and 2018/2019) to 
investigate the effect of different planting locations on the yield characters and fixed oil of Camelina 
plants. The field experiment was conducted at four different locations in Egyptian newly reclaimed 
lands as follows:-  
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A) El-Minya Governorate: 
Sekem Farm: It lies about 452 km south of Cairo, 42 kilometers from the city of El-Minya and 

12 kilometers from the Nile River. Coordinates of farm location 27o51’34.21” North, 32o54’47.11” 
East. 

 
B) Bahariya Oasis:  

It is located at the west of the Nile Valley about 112 Km (West of Menya). Within 272 41, and 
212 32/ latitude to the north and 212 35/ and 222 12/ longitude to the east. 
 
Sekem Field:  

SEKEM bought new farmland 346 acres (333 feddan) in Al-Hara village at Bahariya Oasis, 
which is 25 km from Bawiti , about 352 Km away from Cairo. Al Bawīţī is situated at 21.358 North 
latitude, 21.178 East longitude and 142 meters elevation above the sea level.  
 
C) Aswan Governorate: 

Wadi Al-Sa'aida is a village belonging to the Edfu Center in Aswan Governorate in the Arab 
Republic of Egypt. Wadi al-Sa'aida Agricultural Project in the center of Edfu north of Aswan. Edfu   
(24° 58' 42.7728'' N and 32° 52' 32.9520'' E) is an Egyptian city, located on the west bank of the Nile 
River between Esna and Aswan, with a population of approximately sixty thousand people. 

 
D) El- Sharkia Governorate: 

The Experimental Station of Medicinal and Aromatic Plants of El- Adlya Farm, Sekem 
Company, Belbeis, EL-Sharkiya Governorate (30° 35' 15.65" N and 31° 30' 7.20" E).  
Seeds obtained from Sekem Co. were sown at different locations on November 22/2017 and 
November 14/ 2018 for the first and second seasons, respectively.  

In all locations, compost manure was added during soil preparation at a rate of 10 m3/ feddan. 
Seeds were planted in hills in row with 70 cm distance between each row and 15 cm between each 
hill. The experimental design was complete randomized with three replicates.  
 
Table 1: Physical and chemical properties of the studied soils. 

Chemical soil properties 

Locations 
E.C 1:5 
Ds/m-1 

pH 
(2.5:1) 

Soluble cations and anions ml. Equiv./l 
Ca++ Mg++ Na+ K+ HCO3

- Cl- SO4-- 
El-Menia Sekem 7.69 1.14 3.40 2.40 5.10 0.80 1.40 7.50 2.80 
Aswan Wadi Al-Saaida 8.00 0.56 1.00 0.50 3.60 0.90 1.90 3.50 0.60 
El-Shakia 1.11 7.85 2.38 1.10 6.11 16.00 279.0 1.48 0.25 
El-Baharya Oasis 7.78 0.43 0.70 0.30 2.60 0.50 1.10 2.00 1.00 
Soil Texture and its fractions. 
Locations Sand % Silt % Clay % Texture Class 
El-Menia Sekem 75 17.9 6.5 Sandy Loam 
Aswan Wadi Al-Saaida 72.4 19.0 8.6 Sandy Loam 
El-Sharkia  81.5 7.4 11.1 Sandy clay loam 
El-Baharya Oasis 69.3 10.2 22.1 Clay Loamy Sand 
   

Table 2: Chemical Properties of Water Irrigation for Studied Locations 

Locations 
EC 
1:5   

dSm-1 

PH 
(2.5:1) 

Soluble Cations (meq/L) Soluble Anions (meq/L) 

Ca++ Mg++ Na+ K+ CO3= HCO3- Cl- SO4= 

 El-Menia Sekem 0.96 7.82 4.0 1.2 3.6 0.87 - 0.9 2.80 5.97 
Aswan Wadi Al-
Saaida 

0.69 8.08 2.1 0.80 3.80 0.30 -  1.50 5.0 0.5 

El-Baharya Oasis 0.38 7.14 1.10 0.5 1.8 0.50 - 1.3 2.3 0.5 
El-Sharkia  1.59 7.77 1.00 1.00 15.00 0.144 -- 2.80 6.50 7.80 

 
Properties of soil and water irrigation under study:  

The physical and chemical properties of soil and water irrigation for different locations were 
conducted by methods described by Jackson (1967) and Cottenie et al. (1982).  
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Harvest time:  
Plants were hand harvested march 21 during 2018 and 2019 (after reaching full Maturity) for 

first and second seasons,   respectively.  
 
 Growth and yield characters:   

Plant heights, number of branches / plant and seed yield (g / plant and Kg/ hectare) were 
estimated. 
 
 Fixed oil Extraction:  

The methods described by A.O.A.C. (1965) were used for fixed oil extraction from the seeds. 
This method involved the extraction of known weights of dried samples of mature seeds repeated 
three times with n. hexane. The combined extracts were dried over anhydrous sodium sulphate to get 
rid of water, and then filtrated. The solvent extraction was distilled under reduced pressure. The crude 
lipids (fixed oil) were weighed and their percentages were finally calculated at the dry weight basis. 

 
Gas-liquid chromatographic analysis of fatty acids: 
 
 Preparation of Fatty Acids Methyl Ester:  

The lipids of ten selected samples were saponified with potassium hydroxide solution (20 % 
w/v). The mixture was heated on a boiling water-bath for 30 minutes and kept at room temperature 
over night. The unsaponifiable matter was extracted three times with diethyl ether. The potassium salt 
of fatty acids was acidified with HCl (6 N) and the liberated fatty acids were extracted three times 
with HCl diethyl ether. The combined ether extract was washed several times with distilled water, 
then dried over anhydrous sodium sulphate and filtered. The fatty acids, obtained were converted to 
methyl esters using  diazomethane ethereal solution according to Vogel (1975). 

 
Source of standard fatty acids:  

A set of standard fatty acids consisting of C6:0, C7: 0, C8:0, C9:0, C10:0, C11: 0, C12:0, C13: 
0, C14:0, C15: 0, C16:0, C17: 0, C18:0, C18:1,C18:2, C18: 3 and C20:0, with a stated purity of 99% 
by Gas-Liquid Chromatography (G.L.C.) was purchased from Nu-Chek-Prep. The purity of each 
standard compound was checked by G.L.C. and gave one peak. 

 
 Statistical analysis:  

All recorded data was subjected to analysis of variance procedures and treatment means were 
compared using LSD at 5% described by Snedecor and Chochran (1980). All data were subjected to 
analysis of variance (ANOVA) and significant means were compared with Duncan multiple range test 
method, performed using SPSS package. 
 
Results and Discussion 
 
Vegetative growth and yield:  
 

Data in Table (3) indicated that different locations had no significant effect on plant height (cm) 
and branches number / plant except plant height of the 1st season. Generally, plants cultivated under 
Aswan location gave the highest mean values of plant height (117.14cm) and branches number (16.05 
/ plant) during 1st season. In the 2nd season plant height gave the same trend as mentioned with 1st one.  
In the same season plants cultivated under El-Minya location gave the maximum mean values of 
branches number (15.00 / plant). 

The obtained results indicated that yield characters such as seed yield (g/plant or Kg/ hectare) 
were affected and varied according to different planting locations (Table 3).These variations in yield 
characters may be due to the existence of different variations of soil and water irrigation characters as 
well as climatic conditions among the different locations. The significantly highest yield (g /plant and 
Kg / hectare) were obtained at Aswan location (24° 58' 42.7728'' N and 32° 52' 32.9520'' E) followed 
by El-Sharkia and El-Minya governorates during 1st and 2nd seasons, respectively. It can be noticed 
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that, plants cultivated under El-Sharkia, El-Minya and El-Baharyia Oasis had no significant 
differences among yield characters. 

In general, the superiority of Aswan location for cultivation and production of camelina plants 
may be due to that the environmental conditions at Aswan (soil, water irrigation and climatic 
conditions) are suitable for this plant. 

 
Table 3: Influence of different locations on growth and yield characters of camelina plant 

Locations 
Plant Height 

cm 
Branches No. / 

plant 
Seed Yield 

g / plant Kg / Hectare 
1st Season 

Sharkia 106.89b 15.56a 2.15b 204.76b 
Aswan 117.14a 16.03a 2.67a 253.97a 
El-Minya 112.06b 15.75a 1.72c 163.49c 
El-Baharia Oasis 109.69b 13.96a 1.58c 150.16c 

2nd Season 
Sharkia 104.00a 14.67a 1.40b 141.27b 
Aswan 115.67a 14.33a 2.54a 241.9a 
El-Minya 109.33a 15.00a 1.69b 160.95b 
El-Baharia Oasis 108.00a 12.67a 1.56b 148.89b 

 
Fixed oil percentage and yield:   

Non-significant changes in fixed oil percentage were found under different locations during 
first season although there are significant differences during the 2nd season. In both seasons plants 
cultivated under Aswan location resulted in the maximum mean values of fixed oil percentage (29.30 
and 29.20 %) followed by El-Minya location (Table, 4). Significant changes in fixed oil yield (g/plant 
and Kg / hectare) were noticed especially during 1st season. The highest fixed oil yield was obtained 
from plants cultivated under Aswan location (0.782g /plant and 74.51 Kg/ hectare in the 1st season as 
well as 0.747 g / plant and 70.67 Kg / hectare in the 2nd one). These increments may be due to the seed 
yield and /or fixed oil percentage. In this regard, special processing of plant metabolism affected by 
cultivated the crops under different environmental locations such as temperature, humidity, radiation, 
precipitation, winds, altitude, duration of exposure to sun, soil properties and water irrigation.  

The differences between fixed oil percentage can be probably due to genotype and 
environmental conditions (Sener et al., 1985; Ustun et al., 1990; Matthaus and Ozcan, 2011; 
Hendawy et al., 2012 ; Nimet et al.,2015).  
 
Table 4: Influence of different locations on fixed oil percentage and yield of camelina plant 
Locations % g / plant Kg / Hectare 

1st Season 
Sharkia 27.3a 0.587b 55.90b 
Aswan 29.30a 0.782a 74.51a 
El-Minya 28.90a 0.497c 47.33c 
El-Baharia Oasis 27.50a 0.435d 41.38d 

2nd Season 
Sharkia 26.90c 0.376b 35.90b 
Aswan 29.20a 0.744a 70.67a 
El-Minya 28.80b 0.485b 46.38b 
El-Baharia Oasis 28.90b 0.447b 42.67b 

 
Fatty acids content:  

As shown in Table (5) eleven fatty acids were identified. Total fatty acids percentages were 
ranged from 55.08 to 56.96 %. It can be noticed that this oil is rich in polyunsaturated fatty acids 
(57.64-59.63%) such as linoleic (15.99-16.95%), α-linolenic (38.87-40.01%), eicosadienoic (1.52-
1.57%) and eicosaticnoic (1.12-1.21%). The 2nd rank of fatty acids group was monosaturated fatty 
acids (23.67 – 28.70%) such as palmitaleic (0.25-0.30%), oleic (12.23-15.23%), eicosenoic (9.33-
10.67%) and eruic (1.75-2.13%). The 3rd rank was saturated fatty acids (5.26-6.36%) which includes 
myristic (0.05-0.06%), palmitic (3.22-3.92%) and stearic (1.99-2.38%). Moreover, the total essential 
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fatty acids which includes Linoleic (18:2n-6) and  α-Linolenic (18:3n-3)ranged from 54.88 to 56.96%  
The maximum mean values of saturated fatty acids (6.36%), monosaturated (28.70%) and 
polyunsaturated (40.01%) were obtained from plants cultivated under Aswan location. The main fatty 
acid was α-linolenic acid which ranged from 38.87 to 40.01% followed by linoleic (15.99 – 16.95%). 
The third mean fatty acid was oleic acid (12.23-15.60%) while the fourth one was eicosenoic (9.33 – 
10.67%). These four fatty acids reached to their maximum mean values under Aswan location. The 
ratio between PUFA ω−6/PUFA ω−3 ranged from 0.48 to 0.49. This ratio proved that camelina oil is 
a good source of omega 3 fatty acid (α-Linolenic acid). In this connection α-Linolenic can produce 
eicosapentaenoic acid and docosahexaenoic acid which depends on the ratio between linoleic acid and 
α-Linolenic in food consumed (Gebarer et al., 2006). High values of the PUFA ω−6/PUFA ω−3 (10:1 
– 20:1) may stimulate inflammations (Tapiero et al., 1999). So, using camelina oil in the diet can help 
to decrease the PUFA ω−6/PUFA ω−3 ratio. 

   
Table 5: Influence of different locations on fatty acids percentage of camelina plant during 2nd 

season 
Fatty acids Sharkia Aswan El-Minya El-Baharyia Oasis 
Saturated fatty acids (SFA): 
Myristic (14 : 0) 0.06 0.06 0.05 0.06 
Palmitic (16 : 0) 3.51 3.92 3.22 3.31 
Stearic ( 18: 0 ) 2.20 2.38 1.99 2.19 
Total SFA 5.77 6.36 5.26 5.56 
Monounsaturated fatty acids (MUFA): 
Palmitoleic (16:1) 0.25 0.30 0.27 0.29 
Oleic (18:1) 12.23 15.60 13.22 13.60 
Eicosenoic (20:1) 9.44 10.67 9.33 10.23 
Eruic (22:1) 1.75 2.13 1.90 2.10 
Total  MUFA 23.67 28.70 24.72 26.22 
Polyunsaturated fatty acids (PUFA): 
Linoleic (18:2n-6) 16.32 16.95 15.99 16.21 
α-Linolenic (18:3n-3) 39.48 40.01 38.89 38.87 
Eicosadienoic (20:2n-6) 1.52 1.55 1.55 1.57 
Eicosatrienoic (20:3n-6) 1.13 1.12 1.21 1.16 
Total PUFA 58.45 59.63 57.64 57.81 
Total identified Fatty Acids 87.89 94.69 87.62 89.59 
PUFA ω−6/PUFA ω−3 0.48 0.49 0.48 0.49` 

Total essential fatty acids 55.80 56.96 54.88 55.08 
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