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Abstract: Camelina sativa (L.) Crantz is an ancient oilseed crop. Camelina seed can be used as a food ingredient and raw 

material for the production of oil. The by-product of camelina oil used as fodder ingredient. But there is no information in 

Ethiopia about camelina production, so that an experiment was conducted at at Lambuda Hossana area, Southern Ethiopia to 

investigate the effect of different levels of nitrogen fertilizer on the yield and yield attribute along with different seeding rate of 

camelina in 2016 cropping year. The treatments were 0, 50, 100 and 150 kg ha
-1

 and Camelina seeding rate 5, 7.5, 10 and 12.5 

kg ha
-1

. The experiment was laid out in RCBD design with three replications. The result revealed that application of nitrogen 

has significantly increased the seed yield camelina compared with the control. There was a steady increase in the seed yield of 

camelina for nitrogen levels from 100 kg ha
-1

 up to 150 kg ha
-1

 in the studyarea. Combined analysis of the two treatment 

factors data showed that still the highest yield was obtained at nitrogen level applied at of 150 kg ha
-1

 with seeding 10 ha
-1

. 

Seeding rate also varied significantly in their performance with respect to yield components and yield ha
-1

. Accordingly, 10 kg 

ha
-1

 performed best relative to the other three seeding rate. It is concluded that there is a significant and positive response of 

camelina to applied nitrogen and the highest biological and grain yield was obtained at nitrogen level of 150 kg ha
-1

 with 

seeding rate of 10kg ha
-1

. Thus it is recommended that nitrogen fertilizer should be applied in the area to mitigate nitrogen 

deficiency for enhanced camelina yield. 
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1. Introduction 

Camelina sativa (L.) Crantz., like canola and mustard, is a 

member of the Brassicaceae family. It is also commonly 

referred to as false flax due to the similarity in pods/bolls. It 

originated in the Mediterranean-Central Asian region. It is an 

annual or winter annual that grows upto 90cm tall and has 

branched smooth or hairy woody stems. Leaves are arrow-

shaped, sharp-pointed, five to eight cm long with smooth 

edges. The flowers are small, pale or greenish yellow with four 

petals and predominantly self-pollinated. The pear-like seed 

pods (siliques) are six to 14 mm long holding eight to ten 

yellow or brownish yellow seeds. It can grow on a wide range 

of soil types, and is responsive to fertilizer application similar 

to canola and mustard. The soil nutrient requirements of 

camelina are similar to those of other Brassica crops with the 

same yield potential. Camelina has been shown to respond to 

nitrogen (N) similarly to mustard or flax. However, it can yield 

well with lower nutrient inputs and observed no yield increases 

beyond 60 kg N/ha in Nova Scoti [1]. While at a site in Prince 

Edward Island yield increases were observed up to 120 kg 

N/ha, seed yield increases beyond 80 kg N/ha were not 
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significant. In Oregon (USA), no increases in yield were 

observed beyond 50 kg N/ha [2]. Research clearly 

demonstrates that the fertilizer requirement and response in 

camelina varies with soil and growing conditions. Other 

nutrient requirements for camelina are similar to those of other 

Brassica species. However, there has been relatively little 

research conducted on this crop in Ethiopia, and its full 

agronomic practice remains largely unexplored. Studies in 

Saskatchewan [3] showed that camelina yields are comparable 

to those of other Brassica species. Camelina yields tend to be 

lower than the other species under adequate precipitation 

conditions. However, camelina out-yielded other Brassica 

species when nitrogen fertilizer was limiting. Seeding rate is 

also important as seed yield, maturity and competition with 

weeds are highly dependent on the plant stand. The soil 

nutrient requirements of camelina are similar to those of other 

Brassica crops with the same yield potential. Camelina has 

been shown to respond to nitrogen similarly to mustard or flax. 

There is no information available regarding seeding rate and 

nitrogen fertilizer level in Hossana area; to handle this problem 

objectives were initiated to increase the production of 

Camelina sativa (L.) Crantz through identification and use 

different seeding rate and nitrogen fertilizer levels and to study 

the yield responses in combination of nitrogen fertilizer levels 

and camelina seeding rate at Hossana area, Southern Ethiopia 

2. Materials and Methods 

2.1. Description of Area 

The experiment was conducted at Wachemo University 

experimental site at Lambuda during 2016 cropping season 

from November to February. It lays an altitude of 1200-1800 

Masl. The area receives a mean annual rain fall of 1200 mm 

with mean maximum temperature of 17-28°C. 

The experiment comprised of 16 treatments made up of a 

factorial combination of two input factors [four level of 

nitrogen fertilizer (0, 50, 100 and 150 kg/ha) and four types 

of seeding (5, 7.5, 10 and 12.5 kg/ ha). The list of treatment 

combinations used in the experiment is shown in Table 1. 

Table 1. Treatment combinations of phosphorous level and seeding rate. 

Nitrogen kg 

per ha 

Camelina rates per hectare 

5 7.5 10 12.5 

0 0,5 0,7.5 0,10 0,12.5 

50 50,5 50,7.5 50,10 50,12.5 

100 100,5 100,7.5 100,10 100,12.5 

150 150,5 150,7.5 150,10 150,12.5 

2.2. Field Layout 

The experimental design was factorial experimental design 

by using RCBD with Four types of seeding rate and four 

levels of phosphorous fertilizer with three replications the 

seed were sown directly in rows with spacing of 5 cm 

between rows and with drilling seeds. Three seeds per hill 

was planted in each row and thinned to a single plant per hill 

after two weeks of germination to maintain the plant 

population in each treatment. 

2.3. Data to Be Collected 

Soil sampling and analysis: Soils were sampled from a 

depth of a depth of 30 cm) at 10 random points in the field and 

soil analysis was conducted from a composite sample. The soil 

was sampled following the same procedure, but according to 

the treatments, after crop harvest. samples from a composite of 

each treatment was used for analysis of different soil 

parameters including pH, available phosphorous and soil 

nitrogen was estimated by alkaline permanganate oxidation 

method [4]. Available Phosphorous was determined by 

Olsen’s method [5], using spectrophotometer (660 nm wave 

length). Organic carbon was determined by Walkely and Black 

wet oxidation [6]. The pH was determined by the electrometric 

method in a soil suspension with a soil/water ratio of 1:2.5. 

2.3.1. Crop Phenology and Growth Parameters 

Days of emergence, from days of sowing to 50% 

emergence was recorded, similarly 50% days of flowering 

was recorded after 50% of flowers appeared in plants. Plant 

heights (cm), were measured at mid flowering, and from the 

base of the plant to tip of the main stem. Number of branches 

born on the main stem of plant was counted and averaged to 

represent number of branches per plant 

2.3.2. Dry Matter Production 

Ten randomly selected plants (destructive sampling) used 

for nodulation parameters were taken to record dry matter 

production at 50% flowering stage. The sampled plants were 

separated in to leaves and stem. These samples were sundried 

until constant weight was obtained. 

2.3.3. Yield and Yield Components 

Plants selected from net plot area were used for recording 

yield components. 

Number of pods per plant: Total filled pods present in five 

tagged plants were counted and the mean was calculated and 

expressed as number of pods per plant. 

Number of seeds per pod: From a random sampled five 

pods of each plant, the seeds from pods were separated, 

counted and mean number of seeds per pod was calculated. 

Grain yield (tone ha
-1

): After harvest plants from the net 

plot area were allowed to dry in sun and adjusted at 10% 

content and converted in tone per ha. 

2.4. Statistical Analysis 

Data collected on various characters or parameters were 

subjected to Analysis of Variance (ANOVA) using general 

liner model SAS®, (2002) Software. Mean separations were 

done using LSD (5%)[7]. Analysis of variance (ANOVA) 

was considered to test for significant differences among 

treatment means. 

3. Result and Discussion 

3.1. Physico-chemical Analysis of Experimental Site 

Soil analysis before planting 
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Soil samples collected before planting and after crop 

harvesting. The analytical results indicated that the textural 

class of the experimental site soil was silt loam with a 

proportion is shown in figure 1. 

 

Figure 1. Soil Physical properties study area. 

Available water content values in the study site in before 

sowing and after crop harvesting were rated as high [8]. This 

reveals that in general, the higher the percentage of silt and 

clay sized particles, the higher the water holding capacity. 

The small particles (clay and silt) have a much larger surface 

area than the larger sand particles. This large surface area 

allows the soil to hold a greater quantity of water. The 

amount of organic material in a soil also influences the water 

holding capacity. As the level of organic matter increases in a 

soil, the water holding capacity also increases due to the 

affinity of organic matter for water. The Soil bulk density 

showed variation before sowing and after harvesting in in the 

study area which good for agricultural crop production
 
[9]. 

This divulges that the bulk density of study sites was within 

good range for agriculture and that no excessive compaction 

and no restriction to root development. The ideal total pore 

space values, which are acceptable for crop production, are 

around 50% [10]. This reveals that the total porosity of the 

study site soil was acceptable for crop production with its 

good aeration, water movement, microbial activity and root 

penetration. This reveals that the soil porosity was affected 

directly by soil organic matter. 

 

Figure 2. Soil chemical properties study area. 

The soil was acidic before sowing and moderately acidic 

after harvesting in the study site [11]. Soils with pH values of 

less than 5.5 are deficient in Ca and/or Mg as well as 

Phosphorou [12]. These values reveal the absence of calcium 

carbonate in the study area, where values of pH-H2O less 

than 6.5 are generally considered as non-calcareous or the 

soil was not affected by salt. The total nitrogen content of 

soils at Lambuda is categorized under the optimum level 

after harvesting and high level before sowing [13]. This 

indicates that organic matter is the main sources of nitrogen, 

thus the need to maintain the organic matter content through 

organic matter management methods, such as incorporating 

crop residues to the soil, is important. The results are in 

accordance with the findings reported that intensive and 

continuous cultivation forced oxidation of organic carbon and 

thus resulted in reduction of total nitrogen [14]. As revealed 

the result of soil test in total nitrogen content was reduced 

from before sowing to after harvesting in study site due to 

intensive and continuous cultivation, leaching and crop 

removal. The soil samples were analyzed for soil available 

phosphorous (ppm) parameters with values of before sowing 

and after harvesting 6.7 and 8.2, respectively, which were 

shown in figure 2. The soil available phosphorous (ppm) 

value was rated very low in the study area [11]. In tropical 

soils, large quantities of soil Phosphorous in mineral form are 

not readily available for absorption by the plant. This 

phosphorus occurs in numerous combinations with iron and 

aluminium in most of well weathered tropical soils, such as 

in the present study area. The phosphorus content in soil 

solution is low as compared to other nutrients such as 

nitrogen, potassium, calcium and magnesium [15]. Many 

soils fix large quantity of phosphorus by converting readily 

soluble phosphorus to forms less available to plants in the 

above combinations. According to the ratings for some 

tropical soils [16], available Phosphorous contents in the 

study sites is very low in experimental site. 

3.2. Effect of Nitrogen Fertilizer Level and Seeding Rate on 

Phenological Growth 

3.2.1. Intercultural Operations and Management 

After seedling emergence, irrigation (10 litres per plot) 

was carried out daily by water cans until emergence. There 

after, irrigation with same amount of water was carried out 

on alternate days at every 4th day until pod setting. Weeding 

was done manually as and when required. Harvesting was 

carried out after 118 days of seeding (i.e., February 2017) 

when 70% silicles turned light-brown in color. Harvested 

biomass was shade dried for four days and threshed by hand. 

3.2.2. Plant Height and Number of Branches and Seeds Per 

Pod 

Plant height was recorded between 58.7 cm (control) and 

73.1 cm with seeding rate of 10 kg ha
-1

 (Table 2). Although 

variations in plant height were observed among the 

treatments, not all the treatments were significantly (P < 

0.05) different from each other. Addition of N (100 kg ha
-1

) 

and 10 kg ha
-1

 has significantly influenced plant height over 

control. Improvement in growth of camelina has been 

observed with nitrogen fertilization (50-150 kg ha
-1

) and with 

seeding rate of 10 kg per hectare [17]. Number of branches 

plant-
1
 was recorded from 6.5 (control) to 9.4 cm 100 kg per 
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hectare (Table 2). In camelina, who observed significant 

increase in number of branches plant-
1
 in presence of 

nitrogen fertilizer. Number of silicles pods-1 ranged between 

9 (control) and 12 with applications of 100 kg per hectare at 

12.5 seeding rate positive and synergistic effects of nitrogen 

and sulfur on number of branches in camelina are well 

documented [18]. Perhaps due to this phenomenon, the dose 

of N (100 kg ha
-1

) applied in the present study was not 

sufficient enough to get synergize with phosphorous and 

promote plant growth. 

3.3. Yield and Yield Attributing Traits 

Number of seeds per pod was recorded between 11.9 with 

100 kg ha
-1

 and 12 in 150 kg ha
-1

, so the differences among 

the treatments were significant (P < 0.05) (Table 2). Number 

of seeds pods per plant in the present study broadly fell 

within the range reported by different researchers in camelina 

[19]. Crop matured in 118 days after seeding relatively 

earlier in comparison to the crop maturity period (i.e., 105 to 

234 days) in camelina as reported by [20] in their study 

conducted in cold and temperate Mediterranean climate in 

Chile. Shorter crop maturity period in the study was perhaps 

due to the hotter climate of our study site. Seed yield 

increased significantly (P < 0.05) by addition of N (100 kg 

ha
-1)

 and 10 kg ha
-1

 (3.2 tone ha
-1

). 

Nitrogen positively affects number and weight of pods and 

seed and flowers per plant and thus promote seed yield [20]. 

In camelina, increase in seed yield with increased nitrogen, 

fertilization has already been reported wide variation in seed 

yield has been reported ranging from 420 kg ha
-1 

to 2314 kg 

ha
-1

 in camelina cultivated at different locations in Chile [21] 

although camelina is reported to exhibit adaptability to 

different climates and soil. Particularly discussing the 

patterns of seed yield of camelina cv. Calena in the Indian 

context, seed yield ranging from 226.7 to 458.9 kg ha
-1 

[22]. 

Seed yield of the accessions tested ranged from 1,638 to 

3106 kg kg ha
-1

 over two locations in the Saskatoon area. In 

Alberta, camelina seed yield ranged from 1,987 to 3,320 kg 

ha
-1

 over two locations near Beaverlodge. In the [23] 

observed seed yield ranging from 1,096 to 1,660 kg ha
-1

 over 

two locations and two seasons, in view of this, seed yield in 

the present study was considerable indicating promising 

potentials of cultivating camelina in Southern Ethiopia. 

Although Nitrogen is reported to increase seed yield in 

different plants of Brassicaceae family [24]. 

Table 2. Effects of Nitrogen fertilizer level and seeding rate on phenology and yield attributes of camelina. 

Treatments Level 
50% 

emergence 

50% 

flowering 

Branches 

per plant 

Days to 

maturity 

Pod per 

plant 

Seeds per 

pod 

Yield kuntal 

per ha. 

Nitrogen kg /ha 0 7.5A 97.4 B 7.8B 104.5 B 195 B 11 B 28.99 B 

 50 7.54A 100.8BA 7.84B 105.5BA 198BA 11.5BA 29.59 BA 

 100 7.55A 99.33 BA 8.1BA 107 A 198.4BA 11.7 A 29.76 BA 

 150 7.54 B 103 A 8.5A 107.5 A 201 A 11.9 A 29.9 A 

LSD (5%)  0.45 4.0 0.37 1.9 4.6 0.7 0.77 

Seeding rate kg/ha 5 7.4 B 99 B 7.9 CB 102.5 C 188B 11 B 27.95C 

 7.5 7.5B 99 B 8.6A 106 B 201A 11.5 BA 28.25 C 

 10 7.3 B 100 BA 8.0A 1063 B 200 A 11.8A 32 A 

 12.5 8.1 A 103.5A 7.6C 110.7A 204A 11.8 A 30B 

LSD (5%)  0.45 4.0 0.37 1.9 4.6 0.7 0.77 

CV%  6.95 4.3 5.5 2.14 2.7 7.2 3.14 

Mean values within column followed by the same letter are not significantly different (p≤ 0.05), NS = non significant at 5% probability level, n=48 (Number 

of observation for each parameter) *, ***, **=Significant at 5%, 1% and 0.1% probability level 

4. Conclusion 

This study focused on four level of seeding rate of 

camelina seed with four level of nitrogen fertilizer and 

planted under irrigation condition using with completely 

randomized block design. Accordingly the seeding rate 

responded significantly, especially 7.5 and 10kg/ha was 

higher yield and yield components and also nitrogen levels 

responded very well with varied rates, 100 and 150 kg/ha 

were statically performed best at all growth parameters and 

yield components. This research works were done in one year 

with single agro ecology at irrigation. The same treatment 

should be done at different cropping season at different 

location. 
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Abbreviation 

Acronym Descriptions 

ANOVA Analysis of variance 

CV Coefficient of variation 

FC Field capacity 

ha hectare 

LSD Least Significant Difference 

OM Organic matter 

RCBD Randomized Complete block design 

SAS Statistically Analysis Software 

WHC Water holding capacity 
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