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EFFECT OF NITROGEN RATES ON YIELD COMPONENTS AND QUALITY OF 

LINSEED (Linum usitatissimum L.) VARIETIES UNDER IRRIGATION IN ANGOLELA 

TERA DISTRICT, CENTRAL HIGHLANDS OF ETHIOPIA 

By: 

            Sintayehu Tenaye (B.Sc.), Debre Berhan University, Ethiopia 

                 Advisors:  Fresew Belete (Ph.D.), Debre Berhan University, Ethiopia 

                         Mitiku Ashenafi (Ph.D. candidate), Debre Berhan University, Ethiopia 

 ABSTRACT 

Linseed (Linum usitatissimum L.) is one of the most important oilseed crops in the central 

highlands of Ethiopia. However, its productivity is low mainly due to inappropriate use of 

nitrogen fertilizer and lack of improved varieties. Hence, a field experiment was conducted 

during 2021 under irrigation in the demonstration farm of Debre Berhan university, Chacha, 

Angolela Tera District, to evaluate the effects of four nitrogen rates (0, 11.5, 23, and 34.5 kg ha
-

1
) and three linseed varieties (Kulumsa-1, Tolle and Bekoji-14) on growth, yield and quality of 

linseed. The experiment was conducted using a randomized complete block design in a factorial 

arrangement with three replications. The results revealed that linseed varieties significantly 

influenced all phenological, growth, yield and quality parameters while nitrogen rate affected all 

parameters except plant population and fatty acid composition. The interaction effects of 

nitrogen rates and linseed varieties were highly significant (P<0.001) in relation to days to 

flowering and maturity, plant height, branch height, number of capsules plant
-1

, thousand seed 

weight, total dry biomass yield, seed yield, straw yield, harvest index, percent oil content and oil 

yield. The application of N at a rate of 11.5 kg ha
-1

 to Bekoji-14 variety increased plant height 

(89.07 cm), number of capsules per pant (37.87), thousand seed weight (7.16 g) and seed yield 

(2200.99 kg ha
-1

) by 30.16%, 9.83%, 40.94% and 40.68% as compared to Bekoji-14 variety with 

no nitrogen application. According to the results of partial budget analysis, the application of N 

at a rate of 11.5 kg ha
-1

 on the Bekoji-14 variety was economically beneficial as compared to the 

other treatments as it produced the highest net benefit (118,625.70 ETB ha
-1

) with a MRR value 

(9591.96). In addition, correlation analysis revealed that seed yield is positively and 

significantly correlated with plant height, number of capsules per plant, number of seeds per 
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capsule, aboveground dry biomass yield, straw yield, harvest index and oil yield but it is 

negatively correlated with percent oil content. Hence, it can be concluded that the application of 

N at a rate of 11.5 kg ha
-1

 on Bekoji-14 variety could be recommended to enhance seed yield and 

quality of linseed in the study area and other similar agro-ecologies. However, as this is a one-

season experiment at one location, a similar experiment has to be repeated over multiple locations 

and seasons in the district to reach a conclusive result.  

Keywords: Linseed, nitrogen, quality, varieties and yield 
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1. INTRODUCTION 

Linseed (Linum usitatissimum L.) is one of the oldest oilseeds cultivated for food and fiber. It is 

used for oil production and in the food industries because of its nutritional qualities, essential 

polyunsaturated fatty acids and rich supply of soluble dietary fiber (Mohammad et al., 2010). It 

is a food and cash crop that generates revenue both in local and export markets. Industrial oil is 

an important ingredient in the manufacture of paints, varnishes and linoleum (Morris, 2005). 

Overall linseed plays a role in the treatment of cancer, arthritis and cardio logical diseases 

(Thompson et al., 2005). There is also a growing demand in the world market for linseed due to 

its numerous health benefits, especially in Europe (Wijnands et al., 2007). 

The need for linseed has been increasing every year throughout the world as it contributes for the 

production of fiber in addition to its need for oil extraction and production of seed. The current 

worldwide acreage of linseed is 3.27 million hectares with a total annual production of 3.18 

million tones and productivity of 975.10 kg ha
-1

 (FAOSTAT, 2020). Linseed is one of the widely 

grown economically important species, cultivated in many countries and production share of 

important countries like Russia (23%), Canada (19.8%), Kazakhastan (19.2%), China (12.4%), 

USA (7.5%), India (4.3%), Ukraine (3.2%), Ethiopia (3.0%), UK (1.6%), France (1.5%), Sweden 

(0.6%), Argentina (0.6%), Brazil (0.4%), Belgium (0.3%), Poland (0.3%) and others (2.3%) of 

the world (FAOSTAT, 2020).  

Linseed has long history of cultivation by smallholder farmers, exclusively for its oil in the 

traditional agriculture of Ethiopia (Hiruy and Nigussie, 1988). It is a major oilseed crop produced 

in the South Eastern and Central Highlands of Ethiopia followed by Noug. It is the second major 

after Noug and the third major after Noug and sesame in the Oromia region and Ethiopia, 

respectively (CSA, 2016). In Ethiopia, linseed shares a total area coverage of 0.62% ha 

(79044.51 ha) with a total production of 3233448.8 quintals and the productivity of 4.09 t ha
-1

 

which is certainly low as compared to the national average yield (11.16 t ha
-1

) (CSA, 2017). 

Such low productivity in central highland of Ethiopia is due to various biotic and abiotic stresses, 

including low soil fertility, lack of improved varieties resistant to major diseases, insect pests and 

unavailability of improved agronomic practices (Abebe Delesa and Adane Chofere, 2016). 

Among those its productivity and oil quality can be improved through the use of optimal 
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nitrogen fertilizer and identification of the most suitable varieties (Alemu et al., 2020). The 

Ethiopian edible oil sector produces approximately 20,000 tons of edible oil annually; while 

domestic demand is estimated at 200,000 tons. Consequently, Ethiopia imports up to 160,000 

tons of edible oil annually and this figure is increasing every year (PPPO, 2009).  

Linseed grows under cool conditions, on clean, firm and smooth seedbed (Mridula et al., 2013). 

In Ethiopia the crop performs best in altitudes ranging from 2200-2800 m.a.s.l; but it is also 

produced in areas as low as 1200 m.a.s.l and as high as 3420 m.a.s.l (Hiruy and Nigussie, 1988). 

It is widely cultivated in the high elevations area of Arsi, Bale, Shewa, Gojam, Gonder, Wollo 

and Wellega (Getinet and Nigussie, 1997). 

Nitrogen fertilizer is critical for increasing linseed crop productivity. According to Hiruy and 

Nigussie (1992), 23 kg N ha
-1 

is the blanket recommendation for linseed production in the 

country. However, the amount of fertilizer recommended for crops should be depending on the 

soil fertility status and nutrient utilization efficiency of the crops and the ultimate goal of 

economic yield.  The increasing nitrogen significantly increases plant height, number of capsules 

plant
-1

, 1000-seed weight and seed yield ha
-1

 (Soethe et al., 2013). However, applying high 

nitrogen rate beyond 46 kg ha
-1

 increases vegetative growth, disease susceptibility and lodging 

(Girma Taddese and Sintayehu Tenaye, 2018). Nitrogen fertilizer application has minimal effect 

on oil contents and fatty acid profiles (Lilian et al., 2015). 

In addition to nitrogen, improved varieties are also important factors for determining the yield 

and quality of linseed. Improved linseed varieties have better productivity and standard oil 

content compared to the local genotypes (Worku et al., 2012). Using improved varieties gave 

2.2-3 t ha
-1

 in research fields and some model farmers managed to produce as high as 2.0-2.5 t 

ha
-1

 and an average of 38.6% oil content when supported with an improved seed of linseed, 

(Adugna et al., 2004; KARC, 2012; Mulusew et al., 2013). However, their genetic potential is 

affected due to variation in agro-ecology, poor soil fertility and poor crop management practices 

(Alemu et al., 2020). Oil content and its fatty acids composition are the main parameters for 

linseed when evaluating nutrition quality. Linseed oil consists mainly of linolenic, linoleic, oleic, 

palmitic and stearic acids. In order to reach high linseed oil yield and quality, it is necessary to 

understand the factors of influence (Barbara et al., 2020). 
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The usage of improved seeds is one of the most efficient ways of raising crop production, but in 

Ethiopia less than 10 percent of farmers use improved seeds. The linseed variety influences the 

quality of the seeds, and respective varieties must be chosen to improve the linseed product 

quality (Klein et al., 2016). However, recently there has been increased interest in breeding and 

growing linseed cultivars which can be harvested for both seed and oil (Easson and Molloy, 

2000).  

Despite the wide values of linseed in terms of nutritional, industrial, and export earnings; its 

average productivity in Ethiopia is very low as compared to its worldwide productivity which 

can be attributed to several reasons. The reason why the productivity is low in Ethiopia is due to 

limited information available on linseed; developed agronomic management guideline that can 

guarantee high and good quality linseed yield especially on the recently released varieties, weed 

competition and its limited response to inputs. On the other hand, low soil fertility also limit the 

productivity of linseed in the country mainly accounted for removal of surface soil by erosion, 

nutrients removal by crops from the soil, complete removal of plant residue from farmland, and 

lack of crop rotation system on the farmland resulting in lower crop yield (Abay Ayalew, 2016; 

Belay Yebo, 2015).  

Mostly, farmers in the Amhara region suffer from low soil fertility including macro nutrients 

especially nitrogen (Agricultural Transformation Agency, 2016). In addition, farmers in the 

study area grow linseed without application of fertilizer. According to Abebe et al. (2011) nearly 

89% of the farmer‟s do not apply organic or inorganic fertilizers for the production of linseed 

crop. Therefore, there is an urgent need to increase the productivity of linseed to narrow the 

present yield gap due to lack of proper use of nitrogen fertilizer rate and improved varieties by 

developing high yielding varieties and optimal nitrogen application. A character which has 

higher range of genetic variability, high heritability and high genetic advance would be an 

effective to improve economic yields and quality (Aytac and Kinaci, 2009). The application of 

optimum nitrogen fertilizer and selection of variety may fill the yield reduction gaps. Moreover, 

there is little information on the response of linseed varieties to nitrogen fertilization to optimize 

yield and quality in Angolela Tera District. Therefore this study was carried out to address the 

response of linseed varieties to different rates of nitrogen fertilizer. 
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1.1. Objectives of the Study 

1.1.1. General objective 

 To determine the interaction effect of nitrogen fertilizer rates and varieties on yield 

components and quality of linseed (Linum usitatissimum L.) under irrigation. 

1.1.2. Specific objectives 

 To determine the rate of nitrogen fertilizer application that may result in the optimum 

yield with preferable linseed quality. 

 To evaluate the influence of varietal differences on growth, yield and quality of linseed. 

 To determine the economically feasible nitrogen fertilizer rates for linseed production in 

the study area. 
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2. LITERATURE REVIEW 

2.1. Origin and Distribution  

Linseed appears to have evolved from a wild form of flax (Linum Bienne Mill) due to the similar 

morphological and genetic characteristics in both species (Genser and Morris, 2003). It is 

thought to have originated from the Indian subcontinent due to the presence of the greatest 

biological diversity within the genus Linum in this geographical area (Genser and Morris, 2003). 

It was among the first domesticated plants. The origin of linseed (Linum usitatissimum L.), 

which is one of the oldest of cultivated plants is uncertain. However, it is generally accepted that 

linseed has originated from -Fertile Crescent- an area east to Mediterranean Sea towards India 

(Anonymous, 2010) and was probably first domesticated there. It is supposed to have originated 

in the four centers of origin, viz. Central Asiatic Centre, Near Eastern Centre, Mediterranean 

Centre and Abyssinian Centre and distributed over the continent including Ethiopia.  

2.2. Taxonomy, Morphology and Phenology  

The genus Linum is the largest in the family Linaceae. Linseed cultivars belong to the species 

Linum usitatissimum. Linseed (Linum usitatissimum L.) is an erect annual herbaceous plant 30-

120 cm, in height with slender glabrous, grayish green stem. They are relatively taller in height 

with straight culms, less number of secondary branches towards the top of the stem (Gill, 1987). 

These plants generally produce fewer capsules and smaller seeds. Fruit is small round smooth 

globular capsule of 5-9 mm diameter. In most of the varieties, the capsule is of indehiscent type. 

Flaxseed is predominantly self-pollinating (Tadesse et al., 2010). Wind pollination is not seen 

because the pollens are relatively heavy and sticky (Anonymous, 2010). 

There are dual-purpose cultivars, which are grown for both seed and fiber (Easson and Molloy, 

2000). The life cycle of the plant ranges from 90 to 150 days depends on the variety and soil 

fertility level (Diederichsen and Richards, 2003). Seed maturity occurs 30-60 days after 

flowering. Plant height varies between 20 and 100 cm depending on cultivar and growing 

conditions (Freer, 1993). The plant has a distinct main stem, which produces branches and has a 

tap root, which branches freely (Diepenbrock and Iwersen, 1989). The stem of the plant can be 
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divided into two components: the bark (outside the vascular cambium) and the core (inside the 

vascular cambium). Flowers are borne on small branches and are self-pollinated.  

2.3.   Ecological Requirements of the Crop 

Linseed thrives best in regions with temperate climates with moderate warmth, high humidity 

and well-drained medium-heavy soils (Worku et al., 2015). It requires moderate to cool 

temperatures and adequate moisture during the growing season for optimum seed yield and 

quality. Good yield can be achieved with a temperature range of 10-30 
0
C, and a mid-day relative 

humidity of 60-70%, and a rainfall of 150-200 mm distributed over the growing periods (Abebe 

and Adane, 2019). Its production is optimal on well-drained, medium heavy soils, especially silty 

loam, clay loam, and silty clays (Braidek, 1975). However, high temperatures in the absence of 

drought decreases seed set and reduces yield (Cross et al., 2003). In addition to this cool climate 

also results in high oil and low protein content in seed (Bernacchia et al., 2014). In order to reach 

high linseed yield, oil yield and quality, it is necessary to understand the factors of influence and 

it climatic requirement. 

2.4. Production Status of Linseed in Ethiopia  

 Linseed was grown in 47 countries in 2004 with the seed production of 1.903 million metric 

tons (Smith and Jimmerson 2005). Canada has the highest area and production of flax in the 

world followed by China, USA, India and EU. In 2006, Canada produced 1.014 million tons of 

flax seed from an area of about 800 thousand hectares (Statistics Canada, 2006). 

Linseed is being cultivated in Egypt, Europe and India since pre-historic times. The important 

linseed growing countries are India, Russia, Canada, Argentina, and the U.S.A. Productivity of 

Asian region (608 kg ha
-1

) is approximately 60% of the world productivity of 1006 kg ha
-1

 

(Anonymous, 2011a). India is the second largest (21.21%) linseed growing country in the world 

in terms of area of cultivation after Canada. Production wise, India ranks 4
th

 (8.20%) in the world 

after Canada (40.51%), China (18.68%) and the USA (10.89%) (Srivastava, 2009). But as per 

Food and Agricultural Organization Statistical data (FAO-STAT, 2007), India ranks 3
rd

 (9%) in 

the world„s top 20 linseed producing countries. Linseed is distributed and produced in different 

parts of the world such as Canada, India, China, Kazakhstan, Russia, United States, Ethiopia and 
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Europe (Adugna, 2007). Among those Ethiopia is seventh in linseed production in the world with 

total share of 3.5% of linseed production (FAO, 2017). 

At present, linseed is cultivated in about 3.420 ha with the contribution of 1.537 tons to the 

annual oilseed production of our country and the yield being 449 kg ha
-1

 is far below the world 

production of 21.23 tons from 21.12 ha with productivity of 1006 kg ha
-1

 (Anonymous, 2011a).  

However, the greatest challenges of linseed production in central highland of Ethiopia include 

poor usage and shortage of improved varieties, poor soil fertility management and unavailability 

of improved agronomic practices (Abebe and Adane, 2016). The production of linseed in 

Ethiopia in 2016/17 was about 87,911.655 tons from 80,353.74 ha with an average productivity 

of 1.094 t ha
-1

 (CSA, 2017). 

Ethiopia is one the 5
th

 major producer of linseed in the world after Canada, China, USA and 

India. In Africa Ethiopia is the first producer. This is mainly produced in central highland of the 

nation (Delesa et al., 2010). Linseed has a long history of cultivation by smallholder farmers and 

the second most important oil crops next to Noug, exclusively for its oil in the traditional 

agriculture of Ethiopia (Delesa et al., 2010). About 25% of the total land allocated for oil crop 

production in Oromia region was covered by linseed (CSA, 2019). Even though the production 

area of linseed is the second largest next to Noug, its productivity is still low as compared to its 

potential productivity. 

2.5. Economic Importance of Linseed  

Linseed occupies an important position in world market because of its multiple trade use. It is a 

valuable crop and every part of the plant has specific economic importance (Pandey and Dayal, 

2003).   

2.5.1. Human consumption and functional food 

Linseed was being used as a food source and natural laxative dating back as far as the ancient 

Greeks and Egyptians. It was also being used as a food in Asia and Africa (Berglund, 2002). The 

unique and diverse properties of linseed are reviving interest in this crop. In 2005, approximately 

200 new food and personal care products were introduced in the US market containing flax or 
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flax ingredients (Morris, 2007), which suggests that linseed based products have the highest 

growth potentials in functional food industry. 

Due to the presence of higher concentration of health promoting omega-3 fatty acids (alpha-

linolenic acid), which lowers cholesterol level and imparts cardio vascular benefits, many linseed 

based recipes have been standardized. The crushed seeds/flour is used for value addition and for 

making various nutritious food preparations (Chauhan et al., 2009). But the linseed oil is not 

edible due to the laxative properties of the mucilage in the seed coat and presence of higher level 

of linolenic acid which causes rancidity and emits pungent flavors on oxidation. So on a very 

small scale, it is used for edible purpose as seed breads, bagels and fried food stuff by a small 

segment of people (Anonymous, 2006). 

Functional or nutraceuticals are foods that claimed to have health-promoting or disease-

prevention properties in addition to basic nutritional properties in the food. While a complete 

assessment of the research on linseed as a functional food is beyond the scope of this article, 

readers are directed to (Bloedon and Szapary, 2004; Fitzpatrick, 2007). It helps to reduce 

cardiovascular diseases by altering the ω-3 fatty acid content of cell membranes by improving 

blood lipids and endothelial function and also by exerting antioxidant effects (Bloedon and 

Szapary, 2004). 

2.5.2. Animal feed 

The quantity of hull in linseed meal is about 38%, twice the level in canola or soybean meals 

(Agriculture and Agri-Food Canada, 1997). Linseed oil is also used in mixed pet diets, including 

dogs, cats and horses. The essential fatty acids (ALA and LA) present in linseed contribute to a 

lustrous coat, help prevent dry skin and dandruff, and also help in reducing digestive and skin 

problems in animals. 

2.5.3. Fertilizer  

Linseed oil cake is one of the best nitrogenous fertilizer among oilcakes with respect to nitrogen, 

phosphorus and potassium (4.7% N, 11.7% P2O5, and 1.3% K2O) contribution to soil 

(Anonymous, 2011b). It provides slow and steady nourishment, stimulation, protection from soil 

nematodes (particularly Meloidogyne javanica) and insects. So it also improves yields and 
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quality of product like taste, flavor and amino acid composition etc. Moreover, it can also be 

used as a manure to prevent soil from unwanted microbes due to its germicidal properties by 

improving plant health and thereby gives greater resistance to infection (Anonymous, 2011b). 

2.6. Factor Affecting Linseed Production in Ethiopia 

Crop production is concerned with the exploitation of plant morphological or structural and plant 

physiological or functional responses with a soil and atmospheric environment to produce a high 

yield per unit area of land. Plants are cultured in different environments where they are exposed 

to various climate and soil conditions with a direct repercussion on the seed filling and its final 

composition (Westcott and Muir, 2003; Lafond et al., 2008; Kirkhus et al., 2013). In fact, several 

factors comprising temperature, rainfall, light, drought, ozone exposure, nitrogen deprivation, 

fertilizers may influence the nutritional quality of oilseeds especially linseed (Baldini et al., 

2002; Flagella et al., 2002; Rahimi et al., 2011; Tripathi and Agrawal, 2013). Numerous works 

have reported the environmental effects on yield, oil content, fatty acids composition and 

phospholipids in oilseed plants (linseed, sesame, sunflower) (Zubr and Matthaus, 2002; Tripathi 

and Agrawal, 2013). 

Seed quality and yield of linseed are known to be influenced by genotype, growing season, 

geographic location and agronomic practices associated with crop production including soil 

management, cultivation, weeding and watering (Wilcox and Shibles, 2001). Weather conditions 

like temperature and rainfall regime could also have an important effect on the yield and quality 

of produced seeds (Anastasiua et al., 2016). Environmental conditions influence crop growth and 

development, which are the most vital factors in reducing crop productivity (Franklin et al., 

2010). Continental temperate climate influences a higher content of polyunsaturated fatty acid 

(ALA) and lower content of oleic acid (monounsaturated fatty acid) in comparison to crops from 

Mediterranean and subtropical regions (Klein et al., 2016). Oil content is higher when linseed 

grows at lower temperatures. It has a rather high demand for water 400 to 450 mm in the growth 

period (140 days). Genetic and environmental factors such as soil and climate can also influence 

linseed seed yield, oil content and the fatty acid composition of seed oil (Angelini et al., 2014; 

Bernacchia et al., 2014; Elayan Sohair et al., 2015). The linseed variety influences the quality of 



10 
 

the seeds, and respective varieties must be chosen to improve the linseed product and quality 

(Klein et al., 2016). 

2.7. Effect of Nitrogen Fertilizer on Yield Components and Quality of Linseed 

Nitrogen is often the most important plant nutrients, which affect the amount of protein, 

protoplasm and chlorophyll formed, consequently increases cell size, leaf area and 

photosynthetic activity. Nitrogen is also essential element of bio-molecules such as amino acids, 

proteins, nucleic acids and enzymes. It stimulates growth, expansion of the crop canopy and 

interception of solar radiation (Eckert, 2010). 

2.7.1. Effect on yield and yield components 

Nitrogen is an essential mineral nutrient for crop growth and yield (Xu et al., 2012). Nitrogen 

application rates have increased rapidly and excessive quantities of nitrogen fertilizers have been 

used to enhance crop yields. However, Excessive nitrogen application could lead to soil 

acidification as well as worsen the soil environment thus, ultimately has a negative impact on 

linseed growth and yield (Guo et al., 2010; Schroder et al., 2011). Zhao et al. (2014) found that 

the application of lower nitrogen rates sustained high yields compared with higher nitrogen rates. 

Yield reductions in crops with high nitrogen fertilization are primarily caused by physiological 

disorders associated with excessive uptake of nitrogen and soil degradation (Qiao et al., 2012). 

Although, optimum nitrogen rates are affected by many factors, studies have shown that a 

moderate reduction in nitrogen inputs does not lead to a decrease in crop yield (Luo et al., 2018) 

but, conversely, improved nitrogen use efficiency (Zhang et al., 2015a). Excessive nitrogen 

fertilization has caused low nitrogen use efficiencies and serious environmental problems (Cui et 

al., 2016; Zhu et al., 2016). Therefore, rational nitrogen fertilization strategies must be 

considered for achieving high crop production and sustainable agro-ecosystem. The amount of 

fertilizers that a crop needs depends on many factors including climate conditions, plant species 

and cultivar, and soil fertility levels (Casa et al., 1999). 

The suitable fertilizing program is necessary for optimizing linseed cultivation and its qualitative 

and quantitative characteristics (Dordas, 2010). Besides genotype and other environmental 

factors, plant nutrition and adequate levels of nutrient elements is prerequisite for maximum 
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yield. Surveys show that there is an increase of about 50% in food production due to use of 

chemical fertilizers (Aliari, 2006). Linseed yield is also increased by increasing nitrogen 

application (Hussain and Zedan, 2008). Excess nitrogen application results in reduction of seed 

yield by promoting vegetative growth (Ibrahim et al., 2010).  

Lafond et al. (2003) and Soethe et al. (2013) also reported that nitrogen levels affect plant 

height, number of capsules plant
-1

, 1000-seed weight and seed yield ha
-1

.The experiments of 

Hocking et al. (1997) did not show a significant effect of increasing nitrogen rates on seed yield 

of linseed, while Dordas (2010) is of opinion that the nitrogen nutrition status of plants is one of 

more important nutritional factors that determine the level of yield components. Regarding plant 

production, effects of nitrogen fertilizers is higher than other fertilizers; however the efficiency 

of this fertilizer is low and frequently resulted in lodging and environmental pollution 

(Marschner, 1995). Linseed has also diverse and conflicting responses to nitrogen. Several 

reports indicated that it has a favorable response to nitrogen (Hocking, 1995; Tanwar et al., 

2011; Reta, 2015) especially when soil nitrogen was low (Marchenkov et al., 2003). In addition, 

Ashfaq et al. (2001) found that the highest seed yield and yield components were obtained with 

20 kg ha
-1

 nitrogen application. However, Grant et al. (2004) claim that too high rates of mineral 

fertilizers, in particular nitrogen fertilizers, can cause excessive branching of plants, which 

promotes their lodging and reduction in yield.  

2.7.2. Effect on quality 

Many researchers have decided that using nitrogen fertilizer in suitable needed level could 

improve quality of flax, including Zimmermann et al. (2006), Lafond et al. (2008), Dordas 

(2010), El-Nagdy et al. (2010), Rahimi et al. (2011), Homayouni et al. (2013) and Soethe et al. 

(2013). The effectiveness of mineral fertilization of linseed is still little known and, there is still 

no explanation for the effect of this factor on the biological determinants of yield potential and 

its quality (Zając, 2005). Independently of cultivar linseed fertilized with nitrogen at rates of 60 

and 80 kg N ha
-1

, compared to a rate of 40 kg N ha
-1

, was characterized by significantly higher 

plant density per unit area as well as better productivity per plant and per crop. While other 

authors reported that linseed has a poor response to nitrogen in turn nitrogen had no effect on oil 



12 
 

content (Leilah, 1993). These variable responses to nitrogen could be due to initial soil nitrogen 

level, soil moisture and growing seasons (Genene et al., 2006). 

2.8. Effect of Variety on Yield Components and Quality of Linseed 

Sowing the suitable varieties is important factor to enhance growth, yields and its components 

and quality parameters of linseed. Many investigators indicating that there are significant 

differences due to flax genotypes in growth, yield, yield components and quality traits due to the 

differences in genetic structure and their interaction with environmental conditions that 

prevailing during the growing season (Rahimi and Nourmohamadi, 2010 and Abd El-Mohsen et 

al., 2013). Al-Doori (2012) and Bakry et al. (2012) also showed that flax crop genotypes 

significantly differed for all studied yield, its component and quality parameters.  

2.8.1. Effect on yield components  

Many studies stated that flax genotypes can successfully grow under newly reclaimed soil 

conditions for improving their seed yield (Kandil et al., 2008; Bakry, 2009; El-Seidy et al., 2015; 

Nawar et al., 2017; Emam, 2019). The highest numbers of capsules plant
-1

, 1000-seed weight, 

seed yield and oil yield ha
-1

 was produced from strain genotype. Wadan (2013) reported that the 

two tested cultivars (Sakha 1 and Sakha 2) exhibited significant differences for almost yield 

traits. Gallardo et al. (2014) indicated that significant differences among flax genotypes were 

found for all studied characters. The best seed yields were observed in Prointa Lucero and 

Carape INTA varieties. Bakry et al. (2015) reported that Sakha-2 variety significantly surpassed 

Amon variety in plant height, technical length, seed yield per plant, straw yield per plant, 1000 

seed weight, seed yield per fed, straw yield per fed, While, Amon variety surpassed Sakha-2 in 

fruiting zone length, number of capsules per plant. Many investigators also found statistical 

differences among flax genotypes related to straw, and seed yield per unit area (Khalifa et al., 

2011; Bakry et al., 2012; Homayouni et al., 2013; Gallardo et al., 2014; Bakry et al., 2015; El-

Shafey et al., 2016; Sadi et al., 2017; Emam, 2019). 

Yechalew Sileshi et al. (2019) showed that the highest plant height was recorded from Bekoji-14 

(101.6 cm) and the shortest from BILTSTAR (83 cm). The highest number of seeds per capsule 

was obtained from CI-1652 (7.6), while the lowest number of seeds per capsule was obtained 
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from Bekoji-14 (5.3). Similarly, the maximum amount of yield was observed for varieties 

BILTSTAR (2.06 t ha
-1

) and minimum for varieties Chilalo (1.55 t ha
-1

). Linseed varieties 

showed significant effects for the seed yield variable. Other authors, Choi et al. (2012) found that 

varieties produce the highest linseed yields due to their genetic compatibility with the growing 

agro-ecology. Abebe Delesa and Adane Chofere (2019) reported that Yadanno produced better 

seed yield (2246 kg ha
-1

) than the standard check Kulumsa-1 (1772 kg ha
-1

) across locations. 

Yadanno was 26.7% high yielder than the standard check (Kulumsa-1) and 44.5% high yielder 

than the local check (Belay-96). 

2.8.2. Effect on quality  

A significant effect of cultivars on oil yield and fatty acid composition were observed. Variety 

remains the principal factor affecting oil yield, percent oil content and fatty acid content of 

linseeds. Oil content in linseeds was reported between 30 to 50% of the dry weight containing 40 

to 66% of C18:3 with a level highly dependent on the genetic variation between linseed 

genotypes (Adugna et al., 2004). As for other plant species, the linseed cultivars tend to maintain 

their rank in regard to oil content and fatty acid composition whatever the culture conditions 

(Ghamkhar et al., 2010, and Rahimi et al., 2011). Thus, the linseed genotype variability is 

specifically exploited to identify common molecular markers linked to oil content and fatty acids 

in order to establish efficient strategies for marker-assisted breeding of linseed (Chandrawati et 

al., 2014; Soto-Cerda et al., 2014). By contrast, varieties showed ´ no significant differences 

among them, with oil yield between 728 kg ha
-1 

and 842 kg ha
-1

. Abebe Delesa and Adane 

Chofere (2019) reported that Yadanno had 30% oil yield and 2.4% oil content advantage over 

Kulumsa-1. Likewise, it had 55% oil yield and 7.1% oil content advantage over the local check. 

In agreement with Lafond et al. (2008) oil yield showed a significant response to varieties, 

decreasing from 844.75 kg ha
-1

 to 644.35 kg ha
-1

. Concentrations of oleic and linolenic acids 

showed no significant differences between cultivars, the average for the cultivars under study 

being 30.19 g 100 g
-1

 and 47.96 g 100 g
-1

, respectively. Varieties also showed to have an effect 

on palmitic, stearic and linoleic fatty acid composition.  

https://www.ocl-journal.org/articles/ocl/full_html/2015/06/ocl150003/ocl150003.html#R3
https://www.ocl-journal.org/articles/ocl/full_html/2015/06/ocl150003/ocl150003.html#R21
https://www.ocl-journal.org/articles/ocl/full_html/2015/06/ocl150003/ocl150003.html#R34
https://www.ocl-journal.org/articles/ocl/full_html/2015/06/ocl150003/ocl150003.html#R10
https://www.ocl-journal.org/articles/ocl/full_html/2015/06/ocl150003/ocl150003.html#R40


14 
 

2.9. Combined Effect of Nitrogen and Varieties on Yield Components and Quality of 

Linseed 

The interaction effect of nitrogen and varieties significantly influenced seed yield and quality of 

linseed. Different varieties of linseed may respond differently in growth and yield to similar 

levels of nitrogen fertilizer rates (Weiss, 2000) owing to differences in nutrient uptake and use 

efficiency. Thus, the same recommended rates may not be optimal for enhancing the productivity 

of all cultivars (Mengel and Kirkby, 2001).  

2.9.1. Effect on yield component 

Since over and under application of nitrogen fertilizer affects crop performance and also the 

environment greatly, there should be appropriate recommendation depending on the 

environmental conditions of different regions and the cultivars (Ziadi et al., 2007; Gholizadeh et 

al., 2009).  The introduction of high yielding linseed varieties accompanied with improved 

production technology packages like optimum N fertilization could markedly increase the 

production and productivity per a given hectare.  Alemu et al. (2020) reported that the highest 

seed yields (1508 and 1423 kg ha
-1

) were recorded from the 46 kg N ha
-1 

and 34.5 kg N ha
-1 

with 

Jeldu variety, respectively. However, the minimum seed yield was recorded from no nitrogen 

application with Kulumsa-1 (781.9 kg ha
-1

), Bekoji-14 (833 kg ha
-1

) and Jeldu (1040 kg ha
-1

).  

2.9.2. Effect on quality 

Alemu et al. (2020) revealed that application of 23 kg N ha
-1 

had about 92.8% more than the 

yield advantage than the control treatment. This increase in quality could be the synergetic effect 

of nitrogen fertilizer and the suitability of the improved linseed variety to the growing agro-

ecology. The average quality can be higher if a proper amount of nitrogen fertilizer is applied in 

accordance with linseed varieties. Similarly, Reta (2015) reported that nitrogen fertilizer level 

and improved varieties had a synergetic effect on oil quality of linseed.  
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area  

The study was conducted at Angolela Tera district, on demonstration site of Debre Berhan 

University, North Shewa Zone of Amhara National Regional State, Central Highland of Ethiopia 

in 2021 under irrigation. Angolela Tera district was located 112 km away from Addis Ababa and 

at a latitude and longitude of 9°15‟0‟‟N 39°15‟0‟‟E/ 9°35‟0‟‟N 39°40‟0‟‟E, respectively (Fig 1). 

The altitude of the study area was 2774 m.a.s.l. The mean annual minimum and maximum 

temperature of the district were 6.5 
0
C and 18 

0
C, respectively. The annual rain fall of the district 

was 1114 mm (DBARC, 2014). It encompasses agro ecologies of dega, woina dega and kola 

agro-climatic zones with a proportion of 85%, 13% and 2% respectively. Ethio GIS soil shape-

files (2004) showed that the main soil types were Eutric Cambisols, Eutric Vertisols and Eutric 

Leptosols. The study area is generally suitable for cereal crops, pulses and oil crops including 

wheat, barley, bean, and linseed production.  

 

Figure 1. Map of the study area. 
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Figure 2. Monthly rainfall (mm), maximum and minimum temperature (
0
C) during crop growing 

season in the study area 

3.2. Description of the Experimental Materials 

3.2.1. Plant and fertilizer materials 

Three linseed varieties namely Kulumsa-1, Tolle and Bekoji-14, which are adapted to the agro-

ecology of the area, were used for the study. The varieties were obtained from Holleta 

Agricultural Research Center. Urea (46% N) and TSP (46% P2O5) were used as a source of 

fertilizer for the study and obtained from Debre Berhan University and Debrezeit Agricultural 

Research Center (DZARC), respectively. 

Table 1. Description of linseed varieties used for the experiment 

No        Varieties    Year of release             Breeder          Oil content (%)       Seed color 

1 Kulumsa-1 2006 KARC 37.1 Brown 

2 Tolle 2004 HARC 36.0 Brown 

3 Bekoji-14 2014 HARC 38.03 Brown 

Source: Ministry of Agriculture and Natural Resource, 2016. 
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3.3. Treatments and Experimental Design 

The treatments consisted of a total of twelve treatments four rates of nitrogen (0 kg, 11.5 kg, 23 

kg and 34.5 kg ha
-1

) and three varieties of linseed (namely; Kulumsa-1, Tolle and Bekoji-14). 

The experiment was laid out using RCBD in a factorial arrangement with three replications.  The 

plots had 4 m
2
 plot size and the spacing between plots and blocks were 0.5 and 1 m, respectively. 

Each plot had 8 rows which were spaced 20 cm apart. Therefore, the net plot area that was used 

for data collection consisted of 6 rows (1.2 m) each 2.1 m in length (2.52 m
2
) and the total area 

for the experiment was 6.8 m × 35.5 m =241.4 m
2
. 

3.4. Experimental Procedures 

Land preparation was started in January 2021 and the experimental land was prepared by 

plowing. Fine seedbeds were prepared; plots and rows were made across each plot. After the 

layout, the plots were leveled manually; under the specifications of the design, each treatment 

was assigned randomly to the plots within a block. The linseed plants in the two outer most rows 

on both sides of a plot as well as 0.2 m on each end of central rows were considered as border 

effect and not considered for data collection.  

All linseed varieties were drilled at the rate of 25 kg ha
-1

. Different rates of Urea 0 kg, 25 kg, 50 

kg and 75 kg ha
-1

 according to the treatment and all the phosphorus (50 kg ha
-1

) in the form of 

TSP was applied at the time of sowing to all plots uniformly. All other management practices 

such as watering and weeding were applied for the crop at the appropriate time to facilitate root, 

vegetative growth, and capsule formation of the tested crop. Furrow Irrigation was done 

accordingly as per the knowledge and experience of local farmers till the test crop was harvested. 

No insecticide or fungicide was applied as there was no incidence of insect pests or diseases.  

3.5. Soil Sampling and Analysis 

Soil samples were collected in a zigzag pattern from ten sampling spots of the prepared 

experimental field at a depth of 0-30 cm using an augur before sowing. The soil samples 

collected were made into one kg composite sample. The composite soil sample was dried, 

crushed with pestle and mortar and allowed to pass through a 2 mm sieve and prepared for 

analysis of some selected physical and chemical properties. The selected physical and chemical 
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properties include organic carbon, total nitrogen, available phosphorus, available potassium, soil 

pH, electrical conductivity, cation exchange capacity and soil texture and were analyzed at Addis 

Ababa National Soil Testing Centre. 

Organic carbon (OC) content was determined by the volumetric method (Walkley and Black, 

1934). Total nitrogen (N) was analyzed by the Kjeldahl digestion method using sulfuric acid 

(Jackson, 1967). The available phosphorus (P) was determined by using the Olsen method as 

described by Olsen et al. (1954). The pH of the soil was estimated in the supernatant suspension 

of 1:2.5 soil and distilled water mixture by using a glass electrode pH meter.  While cation 

exchange capacity (CEC) and available potassium (K) content were determined by the 

ammonium acetate method. Particle size distribution or textural class was done by the 

hydrometer method (FAO, 2008).   

3.6. Data Collected 

3.6.1. Phenological parameters 

Days to 50% flowering (days): Determined as the number of days from sowing to the time 

when the linseed plants were flowered 50% based on visual observation. 

Days to 90% maturity (days): Determined as the number of days from sowing to the time when 

the plants were reached 90% maturity based on visual observation. It was indicated by threshing 

of seed from the capsules when pressed between the forefinger and thumb. 

3.6.2. Growth parameters 

Plant height (cm): The plant height was measured at physiological maturity from the soil 

surface to the top parts of the plant of ten-randomly selected plants from the central unit area. 

The total measured plant height was summed together and divided by the number of plants to get 

the height per plant. 

Branch height (cm): The height of the longest branch was measured from the cotyledon node to 

the tip parts of the branch of ten randomly selected plants and the average was taken by dividing 

the summed height per plant number. 
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3.6.3. Yield parameters 

Stand count (count): The total number of plant stands per m
2
 was counted after the plant 

branches and the data was recorded for further analysis. 

Number of branches (No): The mean number of branches produced per plant was counted from 

ten randomly selected plants at the physiological maturity stage. 

Number of capsules per plant (No): The total number of capsules per plant was counted from 

ten randomly selected plants and the average was taken for further analysis. 

Number of seeds per capsule (No): The number of seeds was counted from the top, middle and 

bottom capsules of the ten randomly selected plants and the average was calculated by dividing 

by the total number of capsules and used for further analysis. 

Thousand seed weight (g): It was determined based on the weight of 1000 seeds sampled from 

the bulk seed yield of each treatment by counting and their weight taken with an electronic 

sensitive balance and adjusted at 7% seed moisture content. 

Above-ground dry biomass yield (kg ha
-1

): The whole plant parts, including leaves, stems, and 

seeds from the net plot area were harvested at maturity, and after drying the biomass was 

measured. The complete drying was determined by obtaining constant weight. 

Seed yield (kg ha
-1

): Seed yield was measured from the harvested central unit areas of 2.52 m
2
. 

Seeds were cleaned following harvesting and threshing and weighed using electronic sensitive 

balance, and adjusted to 7% moisture content. 

Straw yield (kg ha
-1

): Straw yield was calculated as the difference between total above-ground 

biomass and seed yield. 

Harvest index (%): Harvest index was calculated by the ratio between seed yield and above-

ground total biomass and expressed as percentage. 
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3.6.4. Quality Parameters 

Percent oil content (%): It was calculated as the proportion of oil in the seed to total oven-dried 

seed weight as determined by a nuclear magnetic resonance spectrometer (NMRS). In this 

experiment, 25 g of seeds were prepared and dried in an oven for two and half hours at 130 
0
C, 

and cooled for 30 minutes. Then oil contents of seeds were determined using nuclear magnetic 

resonance (NMR) in Holleta Agricultural Research Center Food and Nutrition Laboratory. 

Oil yield (kg ha
-1

): The amount of oil in kilogram per hectare was obtained by multiplying the 

seed yield per hectare by the corresponding seed oil percentage obtained from the oil content 

analysis and divided by one hundred (Legesse, 2010). 

          
           (      )                      ( )

   
 

Fatty acid profile analysis: It was analyzed using near-infrared reflectance spectroscopy 

(NIRS) to determine the percent of fatty acids composition (Palmitic acid, Stearic acid, Oleic 

acid, Linoleic acid, Linolenic acid). The near-infrared spectra was corrected with a 

monochromator (FOSS NIR system 500) by scanning at 1108-2492 nm spectra range with an 8 

nm step and all spectra and reference data were recorded and managed with the Win ISI version 

II software (infra soft international port Matilda, PA, USA) (HARC, 2021). 

3.7. Partial Budget Analysis  

Partial budget analysis was made using the prevailing inputs at planting and for outputs at the 

time the crop was harvested. Partial budget analysis was estimated for the average yield of the 

different treatment combinations. Current prices of linseed and urea were used for the analysis. 

The potential response of crops towards the added fertilizer and the price of fertilizers during 

planting ultimately determine the economic feasibility of fertilizer application (CIMMYT, 1988). 

A treatment was considered worth to farmers when its minimum acceptable rate of return (MRR) 

is 100% (CIMMYT, 1988), which is suggested to be economically profitable. The partial budget 

analysis recommended by CIMMYT (1988) procedure was applied as follows:  

Average yield (AVY) (kg ha
-1

): It is the average yield of each treatment was converted to 

kilogram per hectare. 
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Adjusted yield (AJY): The adjusted yield for treatment is the average yield adjusted downward 

by 10% to reflect the difference between the experimental yield and the yield that farmers could 

expect from the same treatment.  

AJY = AVY - (AVY x 0.10)  

Gross field benefit (GFB): The gross field benefit for each treatment was calculated by 

multiplying the field gate price that farmers receive for the crop when they sell it by an adjusted 

yield.  

GFB = AJY x field gate price  

Total variable costs (TVC): This is the sum of all the costs that vary for a particular treatment. 

Net benefits (NB): This was calculated by subtracting the total variable costs from the gross 

field benefit for each treatment.  

NB = GFB -TVC 

Dominance analysis (D): It was carried out by first listing the treatments in order of increasing 

costs that vary. Any treatment that has net benefits that are less or equal to those of treatment 

with lower costs that vary is dominated.  

Marginal rate of return (MRR): It was computed by dividing the change in net benefits with 

the change in total variable costs multiplied by a hundred and expressed as a percentage.  

    
             

          
       

Where; MRR= Marginal rate of return, NB= change in net benefit, TVC= change in total variable cost.  

Following these procedures, economically the best nitrogen rate with the best variety was 

selected for linseed production in the study area. 
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3.8. Data Analysis 

The collected data were subjected to statistical analysis. Analysis of variance (ANOVA) was 

carried out using SAS version 9.3 statistical software programs. Comparisons among treatment 

mean with a significant difference for measured and scored characters were made using 

Duncan‟s Multiple Range Test (DMRT) at a 5% level of significance (SAS Institute, 2012). 

Moreover, correlation analysis for some selected parameters was conducted for growth, yield and 

quality of linseed varieties using a person‟s correlation coefficient.  
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4. RESULTS AND DISCUSSION 

4.1. Soil Physico-Chemical Properties of the Experimental Site before Sowing 

Soil analysis for specific parameters relevant to the current study was carried out at Addis Ababa 

National Soil Testing Center. The proportion of sand, silt and clay in the soil of the experimental 

site was 21%, 31% and 48%, respectively (Table 2). Thus, the texture of the soil was clay. The 

texture properties of the soil influence water holding capacity, water intake rates, aeration, root 

penetration and soil fertility. The pH of the soil was 5.9 which were moderately acidic. This 

indicates that the soil reaction of the experimental sites is suitable for optimum growth and yield 

of most crops. According to Adugna Wakijra (2007), linseed will not perform well on soils with 

pH less than 5.0 or above 7.0, which show that the crop is sensitive to both soil acidity and 

alkalinity. The CEC of the soil was 55.65 cmol (+) kg
-1

 which was very high (Landon, 1991), 

this indicates that the soil has relatively high capacity to hold nutrient cation and supply to the 

crop. According to Landon (1991), CEC of the soils greater than 40 cmol (+) kg
-1

 is rated as very 

high and 25-40 cmol (+) kg
-1

 as high and CEC of soil from 15-25, 5-15 and <5 cmol (+) kg
-1

 of 

soil are classified as medium, low, and very low, respectively.  

The total nitrogen content of the soil (0.25%) was medium which means fertilizer addition may 

increase growth and yield of linseed. Hazelton and Murphy (2007) described the N content of 

soil less than 0.15% as low, from 0.15-0.25% medium and greater than 0.25% as high. The 

organic carbon and organic matter analysis indicated that the experimental field had 3.80% 

organic carbon and 6.54% organic matter both of them was medium as per Booker (1991). 

Organic matter plays a key role in soil aggregate formation which reduces soil bulk density and 

compaction. As a result, it increases the soil water holding capacity. The available P content of 

the soil was 6.39 ppm. According to Olsen et al. (1954), the available P of the soil is low (6.39 

ppm). Olsen et al. (1954) showed that in irrigated areas phosphorus content of soil classified as 

<12 ppm was low, 12-17 ppm marginal, 18-25 ppm adequate and >25 ppm was high. 

The exchangeable K was 0.844 cmol (+) K kg which was low. The exchangeable K expressed as 

a percentage of CEC of the soils was considered to assess the response to potash fertilizers. A 

value greater than 2 cmol (+) K kg indicates a fairly good supply and the response to potash 

fertilizer is unlikely and <2 cmol (+) kg is low (Frinck, 1962). Potassium was one of the three 
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primary nutrients, apparently its sufficient presence production. Also, the soil had no salinity 

problem as the electrical conductivity of soils was about 0.093 dS m
-1

. Hazelton and Murphy 

(2007) described that the soil salinity effect below 2.0 dS m
-1

 is mostly negligible for most crops.  

Table 2. Soil physic-chemical properties of the experimental site before sowing at Angolela Tera 

district of north Shewa during growing season of 2021 

Soil parameters Value                        Rating References 

Sand (%) 

Silt (%) 

Clay (%) 

Textural class        

pH 

21% 

31% 

48% 

clay 

5.9 

 

 

 

 

Lightly acidic 

 

 

 

Tekalign (1991) 

Motsara and Roy (2008) 

CEC (cmol (+) kg) 55.65 very high Hazelton and Murphy (2007) 

EC (ds m
-1

) 0.093 good Hazelton and Murphy (2007) 

Total N (%) 0.25 medium Goronski et al. (2010) 

Available K(mg kg
-1

) 120 low Frinck (1962) 

Available P (ppm) 6.39 low Olsen (1954) 

Organic carbon (%) 3.80 medium Booker (1991) 

Organic matter (%) 6.54 medium Booker (1991) 
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4.2. Phenological Parameters 

4.2.1. Days to flowering  

The analysis of variance revealed that days to flowering was significantly (P<0.001) affected by 

the main and interaction effect of nitrogen rates and varieties (Appendix Table 1). Tolle variety 

at 34.5 kg N ha
-1

 (84.00 days) delayed days to 50% flowering which was statistically similar to 

Bekoji-14 and Kulumsa-1 varieties at 34.5 kg N ha
-1

. The delay in days to flowering due to the 

application of nitrogen at a rate of 34.5 kg ha
-1

 was 9 days and 13.37 days as compared to the 

application of nitrogen at a rate of 23 kg ha
-1

 on Bekoji-14 and 0 kg ha
-1

 on Kulumsa-1 variety, 

respectively. In general, application of the highest rate of N fertilizer delays maturity of all the 

tested varieties (Table 3). 

The delay in days to flowering by the increased amount of nitrogen fertilizer on all varieties 

might be due to the  rate of net photosynthesis and efficiency of assimilate partitioning to the 

vegetative parts and the vigorous vegetative growth due to the increased rate of nitrogen 

application. This in turn delays days to flowering.  

Similarly, Manthar et al. (2022) reported that the flowering initiation took the maximum number 

of days (74.33) in linseed variety Pr-75, relatively lesser number of days to initiate flowering 

(70.00) were observed in variety Pr-83. Furthermore, Raja et al. (2007) reported that higher 

nitrogen application could boost vegetative growth resulting in late flower formation.  Haruna 

(2011) and Bareja (2011) also mentioned that flowering is delayed with increasing nitrogen from 

lower to higher levels and the genetic makeup of sesame varieties can change plant growth 

stages (flowering stage). Contrary to the present finding, Fathy et al. (2009) reported that sesame 

cultivar was the latest in flowering date especially under the high nitrogen fertilizer rates. 
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Table 3. Interaction effect of nitrogen rates and linseed varieties on days to flowering and 

maturity 

Nitrogen rates (kg ha
-1

) Varieties 

 

  DTF(days)   DTM(days) 

 0 Kulumsa-1 

 

    70.67
f
 126.33

c
 

 

 

Tolle 

 

    78.33
cd

  132.33
ab

 

 

 

Bekoji-14 

 

    73.67
ef

  126.33
c
 

 11.5 Kulumsa-1 

 

    71.33
ef

   124.00
cd

 

 

 

Tolle 

 

    79.00
bc

   132.33
ab

 

 

 

Bekoji-14 

 

    70.67
f
 123.00

d
 

 23 Kulumsa-1 

 

    74.67
de

  129.67
b
 

 

 

Tolle 

 

    82.67
ab

  132.33
ab

 

 

 

Bekoji-14 

 

    75.00
de

  129.67
b
 

 34.5 Kulumsa-1 

 

    82.33
a-c

  135.00
a
 

 

 

Tolle 

 

    84.00
a
  135.00

a
 

 

 

Bekoji-14 

 

    82.33
ab

  133.33
a
 

 CV (%) 

  

    2.56       1.40 

 Treatment means followed by the same letter(s) are not significantly different. Where: CV= 

coefficient of variation; DTF= days to flowering; DTM= days to maturity;  

4.2.2. Days to 90% physiological maturity 

Days to maturity were significantly (P<0.001) affected by the main and interaction effect of 

nitrogen rates and varieties (Appendix Table 1). The application of nitrogen at a rate of 34.5 kg 

ha
-1

 on all varieties delayed days to maturity (135 days) which was statistically similar to Tolle 

variety at the application of 0, 11.5 and 23 kg N ha
-1

 while Bekoji-14 and Kulumsa-1 mature 

earlier in response to the application of 11.5 kg N ha
-1

 (Table 3). The delay in days to 

physiological maturity due to the application of 34.5 kg N ha
-1

 on all varieties was 12 days and 

13 days as compared to the application of 11.5 kg N ha
-1

 on the Kulumsa-1 and Bekoji-14 

variety, respectively.  

The increased number of days required to reach physiological maturity in response to increased 

rates of nitrogen fertilizer on all varieties might be attributed to the enhanced availability of 
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nitrogen in the soil and its increased uptake by the linseed varieties, which may have resulted in a 

more luxurious vegetative growth that might have resulted in delayed physiological maturity.  

Similarly, Kutcher et al. (2005a) found delayed maturity in response to increasing rate of 

nitrogen in canola. The present study also revealed that, the application of nitrogen had no effect 

on the physiological maturity of Tolle variety, but on the other varieties application of nitrogen 

had a significant role in determining the days to physiological maturity. This might be due to the 

genetic difference between varieties. On the contrary, Reta Dargie et al. (2020) reported that 

application of nitrogen had no significant effect on days to physiological maturity on linseed 

crop. In agreement with the present study, Engin et al. (2010) reported a significant difference in 

days to 90% maturity among linseed varieties.  Manthar et al. (2022) also reported that linseed 

variety Pr-75 took the maximum number of days (108.33) to reach physiological maturity while 

the lowest number of days required for physiological maturity was obtained from pr-84 variety 

(100 days). 

4.3. Growth Parameters 

4.3.1. Plant height  

Plant height was significantly (P<0.001) affected by the main and interaction effect of nitrogen 

rates and varieties (Appendix Table 1). The highest plant height (89.07 cm) was recorded from 

the application of 11.5 N kg ha
-1

 on Bekoji-14 variety which was statistically similar with the 

application of 23 kg N ha
-1

 on Bekoji-14 variety and 11.5 kg N ha
-1

 on Kulumsa-1 variety. 

However the lowest plant height (68.43 cm) was obtained from Tolle variety without N 

application (Table 4). The increased in plant height due to the application of 11.5 N kg ha
-1

 on 

Bekoji-14 variety was 30.16% as compared to Tolle variety without nitrogen application. 

The increase in plant height due to the increasing nitrogen rate (0 to 11.5 kg ha
-1

) and genotypic 

difference might be due to vigorous growth of the plant and the genotypic character of the tested 

varieties. In addition, the optimum nitrogen rate increased length of the internodes which 

ultimately resulted in progressive increase in plant height as well as the medium amount of total 

nitrogen in the soil resulted in increased plant height. 
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In agreement with the present study, Tasew Derese and Muhammed Sitote (2020) reported that 

variety Bekoji-14 showed the highest plant height (88.94 cm) and yadenno showed the shortest 

plant height (81.06 cm). On the contrary, Lilian (2016) reported that plant height was not 

significantly influenced by the interaction of different nitrogen rate and lined varieties. Shahab-u 

et al. (2015) revealed that plant height of sesame increased on S-17 variety at optimum level of 

nitrogen application. Abdus Salam et al. (2020) also stated that the tallest plant height of sesame 

(83.14 cm) was found in 18.4 kg urea ha
-1

 and the shortest plant height (73.96 cm) was observed 

in control (no nitrogen) treatment. The author also, reported that the highest plant height of 

sesame (90.32 cm) was obtained in Binatil-3 variety fertilized with 55 kg N ha
-1

 and the lowest 

(72.90 cm) was recorded in BARI Til-3 variety along with 0 kg N ha
-1

.  

Table 4. Interaction effect of nitrogen rates and linseed varieties on plant height and branch 

height 

Nitrogen rate (kg ha
-1

) Varieties            PH (cm)   BH (cm)     

0 Kulumsa-1 72.27
f-h

   62.40
de

     

   Tolle 68.43
h
   57.73

e
     

   Bekoji-14 73.63
fg

   64.57
cd

     

11.5  Kulumsa-1 84.20
bc

   74.67
ab

     

   Tolle 71.07
gh

   61.87
de

     

   Bekoji-14 89.07
a
   79.67

a
     

23  Kulumsa-1 84.93
a-c

   73.33
b
     

   Tolle 78.73
de

   65.57
cd

     

   Bekoji-14 86.90
ab

   79.77
a
     

34.5 Kulumsa-1 74.97
e-g

   64.67
cd

     

   Tolle 80.47
cd

   69.70
bc

     

   Bekoji-14 76.07
d-f

   66.23
cd

     

CV (%)   3.25     4.70     

Treatment means followed by the same letter(s) are not significantly different. Where; CV= 

coefficient of variation; PH= Plant height; BH= Branch height;  
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4.3.2. Branch height         

Branch height was significantly (P<0.001) affected by the main and interaction effect of nitrogen 

rates and varieties (Appendix Table 1). The highest branch height (79.77 cm) was recorded from 

the application of 23 kg N ha
-1

 on Bekoji-14 variety which was statistically similar with 

application of 11.5 kg ha
-1

 N on Kulumsa-1 and Bekoji-14 varieties. However, the lowest branch 

height (57.73 cm) was obtained from Tolle variety without nitrogen application (Table 4). The 

increase in branch height due to the application of 23 kg N ha
-1

 on Bekoji-14 variety was 38.18% 

as compared to Tolle variety without nitrogen application. The increase in branch height due to 

the increasing nitrogen rate (0 to 23 kg ha
-1

) might be due to the vigorous growth of the plant that 

ultimately led to the increased branch height and the genotypic character difference between the 

cultivars. 

In agreement with this study, Abd Eldaiem (2015) stated that Giza-10 cultivar of flax at 33.5 kg 

N ha
-1

 surpassed other studied genotypes (Sakha 2 and Strain 22) without nitrogen application in 

branch height. El-Saeed (2020) recorded the highest technical stem length or branch height 

(76.68) from Sakha-3 flax variety fertilized with 50 kg N ha
-1

 while the lowest was obtained 

from Giza 11 variety fertilized with low level fertilizer. Enaney Tigabu et al. (2020) also 

reported that Abasena sesame variety produced the highest branch height (65.66 cm) while the 

lowest branch height (46 cm) was obtained from Tate followed by Mehando-80 variety (48 cm). 

4.4. Yield and yield components 

4.4.1. Stand count  

Stand count is one of the most important factors on which grain yield and other yield 

contributing attributes of crops are dependent. The analysis of variance revealed that stand count 

was significantly (P<0.05) affected by the main effect of variety. However, the main effect of 

nitrogen rates and their interaction did not significantly affect this parameter (Appendix Table 2).  

The highest number of plants per m
2
 (1121.67) was obtained from Kulumsa-1 variety (1166.67) 

which was statistically similar with Bekoji-14 variety (1121.67). However, Tolle variety (1035) 

recorded the lowest number of plant stands per m
2 

(Table 5). The difference in number of plant 

stands per m
2
 among the tested varieties could mainly be imputed to the potential difference in 
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genetic structure constitution, their abilities responses to the environmental conditions and the 

germination capacity of those tested varieties.  

Similarly, Andruszczak et al. (2015) reported that Szafir linseed variety had highest number of 

plants per meter square over variety Oliwin. These results confirm the findings of Genene Gezu 

et al. (2006) who reported no significant differences in stand count per square meter in response 

to different rates of nitrogen fertilizers on linseed. On the contrary, Pankaji and Badiyala (2016) 

revealed that plant stand per square meter was significantly affected by the main effect of 

nitrogen rate while not influenced by the main effect of linseed variety. 

Table 5. Main effect of nitrogen rates and linseed varieties on plant population and number of 

branches per plant 

N rate (kg ha
-1

)   PP NB 

0 

 

1046.33 2.92
b
 

11.5 

 

1159.33 3.32
a
 

23 

 

1171.22 3.37
a
 

34.5 

 

1055.44 3.19
ab

 

Varieties       

Kulumsa-1 

 

1166.67
a
 3.08

b
 

Tolle 

 

1035.92
b
 2.89

b
 

Bekoji-14 

 

1121.67
ab

 3.63
a
 

CV   11.1  10.09 

 Treatment means followed by the same letter (s) are not significantly different at P=0.05. 

Where; CV= coefficient of variation; PP= plant population; NB= number of branches. 

4.4.2. Number of branches per plant 

The analysis of variance revealed that number of branches was significantly (P<0.05) affected by 

the main effect of nitrogen rates and (P<0.001) varieties. However, the interaction effect did not 

significantly affect this parameter (Appendix Table 2). The application of N fertilizer at a rate of 

23 kg ha
-1 

produced the highest number of branches (3.37) which was statistically similar with 

the application of 11.5 kg N ha
-1 

and 34.5 kg N ha
-1

. However, the lowest number of branches 

(2.92) was obtained from the control treatment (Table 5).  
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The higher number of branches produced due to the application of nitrogen might be due to the 

increased number of leaves per plant and optimum level of nitrogen fertilizer application which 

enhanced the number of branches per plant. The application of nitrogen fertilizer beyond 23 kg N 

ha
-1

 decreased number of branches per plant due to lodging effect. 

Similarly, Abebe Delesa and Adane Choferie (2016) reported that the application of 23 kg N 

produced more number of branches (2.5) per plant on linseed followed by the application of 11.5 

kg ha 
-1

 than other treatments. In contrary with this finding, Reta Dargie (2020) reported that the 

main effect of nitrogen had no significant effect on number of branches per plant on linseed crop. 

In addition, Genene Gezu et al. (2006) reported that nitrogen rate had no significance effect on 

number of branches per plant of linseed crop. Abdus Salam (2020) also described that the 

application of 36.8 N kg ha
-1 

produced the highest number of branches plant
-1

 of sesame (2.68) 

whereas the lowest number of branches plant
-1

 (1.31) was recorded from no nitrogen application 

(control plot).  

As to the variety difference, the highest number of branches per plant (3.63) was obtained from 

Bekoji-14 variety while Tolle variety produced the lowest number of branches per plant (2.84) 

which was statistically similar with Kulumsa-1 variety (Table 5). The difference in number of 

branches per plant among tested varieties could be due to the genotypic character difference that 

caused a difference in the rate of photosynthesis and assimilate production that resulted in 

variation in vegetative growth. In addition, Bekoji-14 variety was more responsive to 

environmental conditions and invested towards stimulating the growth of lateral buds and then 

an increasing the number of branches. 

Similarly, Bhagyalaxmi et al. (2022) reported that linseed variety RLC-148 produced 

significantly maximum number of branches over variety LSL-93. Andruszczak et al. (2015) 

reported that Szafir linseed variety had the highest number of branches per plant over variety 

Oliwin. In addition, Gaikwad et al. (2020) reported that the highest and the lowest number of 

branches per plant (5.40) was obtained from lined variety ll-93 and NL-260, respectively. 
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4.4.3. Number of capsules per plant  

The number of capsules per plant was significantly (p<0.001) affected by the main and 

interaction effect of nitrogen rates and varieties (Appendix Table 2). The highest number of 

capsules per plant (37.87) was obtained from variety Bekoji-14 in response to the application of 

11.5 kg N ha
-1

 while the lowest number of capsules per plant (18.47) was recorded from variety 

Tolle in response to the application of 34.5 kg N ha
-1

 (Table 6).  

The higher number of capsules per plant with the increase in nitrogen (0-11.5 kg ha
-1

) rates 

might be ascribed to the vigorous vegetative growth and branching of linseed varieties and the 

medium total nitrogen within the soil of the experimental site. This indicates that nitrogen is an 

important factor on distribution of photosynthetic assimilates between vegetative and 

reproductive organs which mean more availability of nitrogen resulting in enhanced vegetative 

growth, leading to improved fruiting and thereby increase number of capsules per plant.   

However, excessively high applications of nitrogen fertilizer beyond 11.5 kg ha
-1

 reduced 

number of capsules per plant can cause problems because rank crop growth results in lodging 

and poor capsule production in linseed. 

In agreement with this study, El-Saeed (2020) reported that Giza 11 variety of flax received at 30 

kg N ha
-1

 produced the highest number of capsules per plant. Tasew Derese and Muhammed 

Sitote (2020) reported that the maximum number of capsules per plant observed in Kuma linseed 

variety (39.38) followed by Yadenno (37.05) and the minimum number of capsules per plant 

were observed in Kassa-2 (18.83). Sharief et al. (2005) who have reported that nitrogen 

application significantly increased the number of capsules per plant of flax. Furthermore, Sisay 

Berhanu et al. (2016) revealed that the Barsan sesame variety recorded the highest number of 

capsules plant
-1

 (46.07) at 46 kg N ha
-1 

and the lowest number of capsules recorded from 

Mehado-80 variety (10.87 plant
-1

) without nitrogen application. Mesfin et al. (2019) also 

reported that significant differences among sesame varieties and nitrogen rates for number of 

capsules per plant. 
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Table 6. Interaction effect of nitrogen rates and linseed varieties on number of capsules per plant 

and thousand seed weight 

Nitrogen rate (kg ha
-1

) Varieties        NCPP         TSW   

0 Kulumsa-1       31.93
bc

        5.98
bc

   

  Tolle       19.10
g
        5.08

d
   

  Bekoji-14       25.63
d-f

        6.12
bc

   

11.5 Kulumsa-1       26.23
de

       6.47
b
   

  Tolle       24.97
d-f

      5.73
c
   

  Bekoji-14       37.87
a
      7.16

a
   

23 Kulumsa-1       29.27
cd

       6.53
ab

   

  Tolle       22.27
e-g

       6.39
bc

   

  Bekoji-14       36.03
ab

       6.66
ab

   

34.5 Kulumsa-1       20.60
fg

        6.22
bc

   

  Tolle       18.47
g
        6.42

b
   

  Bekoji-14       19.20
g
        6.07

bc
   

CV (%)         10.99      5.69   

Treatment means followed by the same letter(s) are not significantly different. Where: CV= 

Coefficient of variation; NCPP=Number of capsule per plant; TSW=Thousand seed weight;  

4.4.4. Thousand seed weight  

Thousand seed weight was significantly (p<0.001) affected by the main and interaction effect of 

nitrogen fertilizer rate and varieties (Appendix Table 2). The highest thousand seed weight (7.16 

g) was recorded from the application of 11.5 kg N ha
-1

 on Bekoji-14 variety which was 

statistically similar with the application of 23 kg N ha
-1

 on kulumsa-1 and Bekoji-14 varieties. 

However, the lowest thousand seed weight (5.08 g) was obtained from Tolle variety without 

nitrogen application (Table 6).  

The highest thousand seed weight attributed to the optimum application of nitrogen and 

genotypic difference might be attributed to the positive effect of nitrogen on biomass production 

of plants during their vegetative growth which later encouraged enlargement of seed size than 

those plants with no nitrogen application. Also the soil analysis of the experimental site of 
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current study showed medium nitrogen content so the increasing in nitrogen beyond 11.5 kg ha
-1

 

resulted in decreased thousand seed weight due to vigorous vegetative growth lead to lodging.  

Similarly, Sisay Berhanu et al. (2016) reported that Barsan variety had the highest thousand seed 

weight at a rate of 46 kg N ha
-1

 and the lowest thousand seed weight was obtained from Adi 

variety grown in no nitrogen application. In addition, Shahab-u et al. (2015) revealed that 

thousand seed weight of sesame increased at 70 kg N ha
-1

 on S-17 variety while the lowest 

thousand seed weight of sesame obtained from Pr-125 variety at 0 kg N ha
-1

. In agreement with 

this, Ashfaq et al. (2001) also reported that the increasing rate of nitrogen application and genetic 

difference significantly vary the mean seed weight.  

4.4.5. Number of seeds per capsule  

Number of seeds per capsule was significantly (p<0.01) affected by the main effect of nitrogen 

rate and (P<0.05) variety. However, the interaction effect did not significantly affect this 

parameter (Appendix Table 2). The highest number of seeds per capsule (8.45) was recorded 

from the application of 23 kg N ha
-1 

which was statistically similar with the application of 11.5 

kg N ha
-1

 while the lowest number of seeds per capsule (8.07) was recorded by the application of 

34.5 kg N ha
-1

 which was statistically similar with the control treatment (Table 7). This indicates 

increasing the rate of nitrogen beyond 23 kg N ha
-1

 significantly decreased number of seed per 

capsule. The highest number of seeds per capsule with the optimum rate of nitrogen application 

might be due to the sufficient amount of assimilates production that was favored by optimum 

vegetative growth and the moderate total nitrogen with in the soil. This in turn caused increased 

number of seeds. 

Similarly, Abdus Salam (2020) described that the highest number of seeds capsule
-1

 of sesame 

(58.91) was recorded from the application of 36.8 kg N ha
-1

 whereas the lowest number of seeds 

capsule
-1

 (39.81) was found from the control treatment. In contrary with this result, Teshome 

Gutu and Alemayehu Debasa (2021) revealed that number of seeds per capsule of linseed was 

not affected by main effect of nitrogen fertilizer rates. Paul and Savithri (2003) and Mekonnen et 

al. (2016) also reported that the application of 36.8 kg N ha
-1

 produced the highest number of 

seeds capsule
-1

. In addition, Malik et al. (2003) recorded the higher significance difference 

among nitrogen levels for number of seeds per capsule on sesame.  
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With regard to varietal effect, the highest number of seeds per capsule (8.37) was obtained from 

Bekoji-14 variety but statistically similar with Kulumsa-1 variety (8.23). However, Tolle variety 

produced the lowest (8.09) number of seeds per capsule (Table 7). The difference in number of 

seeds per capsule among varieties could be due to their genotypic difference. 

Similarly, Tasew Derese and Muhammed Sitote (2020) also stated that the maximum number of 

seeds per capsule was observed in Kuma linseed variety (8.83), followed by Yadenno (8.61) and 

the minimum number of seeds per capsule were observed in Kassa-2 (7.33). In addition, 

Yechalew Sileshi (2019) reported that the highest number of number of seeds per capsules of 

linseed was obtained from variety CI-1652 (7.6), while the lowest number of seeds per capsule 

was obtained from Bekoji-14 variety (5.3). Andruszczak et al. (2015) also reported that Oliwin 

linseed variety had the highest number of branches per plant over variety Szafir. 

Table 7. Main effect of nitrogen rates and linseed varieties on number of seeds per capsule 

Nitrogen rate (kg ha
-1

)                    NSPC 

       0 

 

                    8.11
b
 

       11.5 

 

                    8.29
ab

 

       23 

 

                    8.45
a
 

       34.5 

 

                    8.07
b
 

Varieties     

       Kulumsa-1                      8.23
ab

 

       Tolle 

 

                     8.09
b
 

      Bekoji-14 

 

                     8.37
a
 

CV                        2.76 

Treatment means followed by the same letter(s) are not significantly different. Where: CV= 

coefficient of variation; NSPC= number of seeds per capsule 

4.4.6. Above-ground dry biomass yield  

The analysis of variance revealed that total dry biomass yield was significantly (p<0.001) 

affected by the main and interaction effect of nitrogen fertilizer rate and linseed varieties 

(Appendix Table 3). The highest biomass yield (9391.5 kg ha
-1

) was recorded from the 

application of 34.5 kg N ha
-1

 on Kulumsa-1 variety which was in parity with Bekoji-14 variety at 
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11.5, 23 and 34.5 kg N ha
-1 

application while the lowest biomass yield (5562.2 kg ha
-1

) was 

obtained from Tolle variety grown without N application (Table 8).  

The highest above-ground dry biomass yield due to higher nitrogen rate and genotypic character 

difference might be attributed to the availability of nitrogen to the plant increased and it caused 

increased plant height, number of capsules per plant, branching and dry matter accumulation. 

Thus, ultimately contribute to the increment of above-ground biomass and also the suitable 

characters of tested varieties contribute for biomass increment.  

Similarly, Sisay Berhanu et al. (2016) reported that the highest dry biomass yield was obtained 

by the application of 92 N kg ha
-1 

on
 
Mehado-80 sesame variety (8.82 t ha

-1
). However, Adi 

variety grown without nitrogen application produced the lowest dry biomass yield. Furthermore, 

Shehu et al. (2009) also obtained a significant increase in total dry biomass yield of sesame 

varieties with increasing nitrogen application rates. Leleu (2000) observed that plant height, 

number of leaves, leaf area, fresh and dry weight of shoot and number of flowers of canola 

increased in response to the increasing rate of nitrogen application.  

4.4.7. Straw yield  

Straw yield was significantly affected by the main and interaction effect of nitrogen fertilizer rate 

and varieties (Appendix Table 3). The highest straw yield (7545.6 kg ha
-1

) was recorded from the 

application of 34.5 kg N ha
-1

 on Kulumsa-1 variety which was statistically similar with the 

application of 23 kg N ha
-1

 on Bekoji-14 variety while the lowest straw yield (3997.7 kg ha
-1

) 

was recorded by Tolle variety without N application (Table 8).  

The increase in straw yield due to the application of higher nitrogen fertilizer and genotypic 

character difference might be nitrogen was responsible for increased number of leaves/plant and 

leaf-area index, causing higher photosynthesis, assimilation rate, metabolic activity and cell-

division, which were responsible for the significant increase in the growth characters, yield 

attributes and thus ultimately increase the straw yields. The highest straw yield in Kulumsa-1 

under highest nitrogen rate variety was ascribed to its highest number of plant stand per meter 

square. 
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Similarly, Omar and Ash-Shormillesy (2006) and Andruszczak et al. (2015) also found that 

straw yield was significantly affected by flax cultivars and nitrogen fertilizer rates. Furthermore, 

El-Hariri et al. (2004) found that there were large differences in straw yield attributes among flax 

genotypes.  

Table 8. Interaction effect of nitrogen rate and variety on total dry biomass yield, straw yield, 

seed yield and harvest index 

Nitrogen rate (kg ha
-1

) Varieties ADBY (kg ha
-1

) StY (kg ha
-1

) SY (kg ha
-1

) HI (%) 

0 

 

Kulumsa-1 6349.2
e
 4609.2

fg
 1740.05

f
 21.78

g
 

  

Tolle 5562.2
f
 3997.7

g
 1564.52

g
 19.66

h
 

  

Bekoji-14 6613.8
de

 4821.5
ef

 1792.31
ef

 22.60
g
 

11.5 

 

Kulumsa-1 7275.1
cd

 5152.3
d-f

 2122.79
ab

 27.23
c-e

 

  

Tolle 7010.6
cd

 5390.9
c-e

 1619.66
g
 24.41

f
 

  

Bekoji-14 8862.4
a
 6661.4

b
 2200.99

a
 28.20

bc
 

23 

 

Kulumsa-1 8068.8
b
 5927.6

c
 2141.36

ab
 28.96

ab
 

  

Tolle 7275.1
cd

 5261.9
c-f

 2013.17
c
 26.17

e
 

  

Bekoji-14 9127.0
a
 6969.7

ab
 2157.25

ab
 29.62

a
 

34.5 

 

Kulumsa-1 9391.5
a
 7545.6

a
 1845.98

de
 26.09

e
 

  

Tolle 7672.0
bc

 5577.2
cd

 2094.71
b
 27.67

b-d
 

  

Bekoji-14 8730.2
a
 6817.5

b
 1912.63

d
 26.55

de
 

CV      4.79  6.49  2.39  3.03 

Treatment means followed by the same letter(s) are not significantly different. Where: CV= 

coefficient of variation; ADBY=above-ground dry biomass yield; StY=straw yield; SY=seed 

yield; HI=harvest index;  

4.4.8. Seed yield 

The analysis of variance revealed that seed yield was significantly (p<0.001) affected by the 

main and interaction effect of nitrogen fertilizer rate and varieties (Appendix Table 3). The 

highest seed yield (2200.99 kg ha
-1

) was recorded from the application of 11.5 kg N ha
-1

 on 

Bekoji-14 variety which was statistically similar with the application of 11.5 kg N ha
-1

 on 

Kulumsa-1 variety and 23 kg N ha
-1

 on Kulumsa-1 and Bekoji-14 varieties. However, the lowest 

seed yield (1564.52 kg ha
-1

) was obtained from Tolle variety without N application (Table 8). 
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The increase in seed yield due to the application of nitrogen fertilizer and the genotypic makeup 

difference might be related to the synergetic effect of nitrogen fertilizer and the suitability of the 

improved linseed variety to the growing agro-ecology and the favorable effect of optimum 

nitrogen fertilizer levels on yield attributing characters as well as the moderate amount of total 

nitrogen in the soil analysis result, which finally resulted in higher seed yield. However, Grant et 

al. (1999) claim that too high rates of mineral fertilizers, in particular nitrogen fertilizers, can 

cause excessive branching of plants, which promotes their lodging and reduction in yield. 

Similarly, Alemu et al. (2020) reported that the highest seed yield (1508 kg ha
-1

) was recorded 

from the application of 34.5 kg N ha
-1

 with Jeldu variety of linseed while the minimum seed 

yield (781.9 kg ha
-1

) was recorded from no nitrogen application with Kulumsa-1 variety. In line 

with this, Reta (2015) reported that nitrogen fertilizer level on improved varieties had a positive 

effect on seed yield of linseed. Bastia and Mohanty (2001) also described that high yielding 

varieties of linseed respond well to moderate dose of fertilizers. In addition, Hussain et al. (2009) 

reported that the application of recommended dose of fertilizers would be helpful in realizing 

yield potential of the linseed varieties. Lafond et al. (2008) and Laza and Pop (2012) also found 

variations in seed yields and its related traits among flax cultivars and nitrogen fertilizer rates.  

4.4.9. Harvest index 

Harvest index was significantly (p<0.001) affected by the main and interaction effect of nitrogen 

fertilizer rate and varieties (Appendix Table 3). The highest harvest index (29.62%) was 

recorded from the application of 23 kg N ha
-1

 on Bekoji-14 variety which was statistically 

similar with the application of 23 kg N ha
-1

 on kulumsa-1 variety while the lowest harvest index 

(19.66%) was recorded by Tolle variety without nitrogen application (Table 8). The higher 

harvest index attributed to the increased amount of nitrogen rate and genotypic efficiency 

difference might be related to variation in biomass yield and seed yield, which could be 

evidenced by significant linear relationship of these parameters with harvest index. 

Similarly, El-Saeed et al. (2020) also described that the highest harvest index (16.48%) was 

obtained from Giza 11 linseed variety when received 30 kg N ha
-1

 while Sakha 3 cultivar with no 

nitrogen application gave the lowest harvest index (10.10%). Sisay Berhanu et al. (2016) 

demonstrated that the highest harvest index of sesame (24%) was recorded from Barsan variety 
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at 46 kg N ha
-1

 whereas the lowest (9%) was recorded by Barsan variety with no nitrogen 

application. In addition, Dereje (2012) reported a significant variation in harvest index among 

sesame varieties due to a difference in nitrogen rate application.  

4.5. Quality Parameters 

4.5.1. Percent oil content  

The analysis of variance indicated that percent oil content was significantly (P<0.001) affected 

by the main and interaction effect of nitrogen fertilizer rate and varieties. The highest percent oil 

content (37.5%) was recorded from Kulumsa-1 variety without nitrogen application which was 

statistically similar with the application of 23 kg N ha
-1

 on Bekoji-14 variety, 11.5 kg N ha
-1

 on 

kulumsa-1 variety, Bekoji-14 variety with no nitrogen application and 23 kg N ha
-1

 on Kulumsa-

1 variety. However, the lowest percent oil content (34.87%) was obtained from Tolle variety 

fertilized with 34.5 kg N ha
-1

 (Table 9). In general, increasing rate of nitrogen to the highest rate 

decreased the percent oil of linseed varieties tested. 

The reduction in oil content of all the varieties at higher supply of nitrogen rate might be due to 

the conversion of more carbohydrate into protein and thus the amount of synthesized 

carbohydrates left for conversion into fats are relatively low. Moreover, it could be due to the 

dilution effect of oil in heavier seeds produced under higher nitrogen.  

In agreement with this, Tanwar et al. (2011) obtained the highest oil content from lowest dose of 

nitrogen levels and Kulumsa-1 variety. Similarly, Rahimi et al. (2011) found that up to 50 kg ha
-

1
 of N fertilizer had no effect on linseed oil content. On the contrary, Ibrahim (2009) reported 

that increasing N fertilization of linseed from 107-179 kg ha
-1

 led to increased oil content. Some 

studies on the oil contents of linseed varieties have reported the mean values ranging from 23- 

45.7% (El-Beltagi et al., 2007; Diederichsen and Fu 2008, Bayrak et al., 2010; El-Beltagi et al., 

2011). The oil contents of the tested varieties in the present study also fell within this range 

(34.87-37.50%). Moreover, Nykter and Kymäläinen (2006) also reported that the linseed oil 

content ranged from 26-45% depending on the cultivars and growing agro-ecology. Furthermore, 

Pali and Mehta (2014) also stated that linseed has high oil content (20-40%) depending on the 

varieties. 
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Table 9. Interaction effect of nitrogen rates and varieties on percent oil content and oil yield  

Nitrogen rate        (kg ha
-1

) Varieties POC (%) OY (kg ha
-1

) 

0 Kulumsa-1 37.50
a
 652.50

d
 

 

Tolle 36.73
bc

 578.37
e
 

 

Bekoji-14 36.97
ab

 653.37
d
 

11.5 Kulumsa-1 37.07
ab

 786.83
a
 

 

Tolle 36.17
b-d

 585.77
e
 

 

Bekoji-14 36.10
b-d

 794.93
a
 

23 Kulumsa-1 36.75
a-c

 786.93
a
 

 

Tolle 35.38
de

 712.30
bc

 

 

Bekoji-14 37.08
ab

 800.03
a
 

34.5 Kulumsa-1 35.36
de

 653.00
d
 

 

Tolle 34.87
e
 730.43

b
 

 

Bekoji-14 35.90
cd

 686.67
cd

 

CV (%)   1.44 2.98 

Treatment means followed by the same letter(s) are not significantly different. Where: CV= 

coefficient of variation; POC= percent oil content; OY= oil yield;  

4.5.2. Oil yield  

Seed oil yield was significantly (P<0.001) affected by the main and interaction effect of nitrogen 

fertilizer rate and varieties. The highest seed oil yield (800.03
 
kg ha

-1
) was recorded from Bekoji-

14 variety at 23 N kg ha
-1

 which was statistically similar with the application of 11.5 N kg ha
-1

 

on Bekoji-14 variety, 23 and 11.5 N kg ha
-1

 on Kulumsa-1 variety while the lowest oil yield 

(578.37 kg ha
-1

) was obtained from the application of 0 and 11.5 kg N ha
-1

 on Tolle variety 

(Table 9). This indicates Bekoji-14 and Kulumsa-1 varieties produced a higher seed oil yield 

when supplied with the optimum rate of nitrogen as compared to Tolle variety at these N rates. 

The increase in oil yield due to the application of optimum nitrogen rate for all the varieties 

might be related to moderate nitrogen increase the number of capsules per plant and thereby the 

seed yield thus,  ultimately increase in oil yield. However, nitrogen rate beyond 23 kg ha
-1

 

decreased seed yield due to lodging effect and thereby decrease oil yield due to positive 

correlation between seed and oil yield. 
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This result agreed with Ozer et al. (2004) and Aglave et al. (2009) who found increased oil yield 

of linseed in response to increasing rate of nitrogen. Cheema et al. (2001) and Poonia (2003) also 

reported the role of nitrogen fertilizer to enhance the seed and oil yields of linseed. The present 

study is also in line with the report of Sana et al. (2003) who studied significant variations in oil 

yield among sesame varieties. 

4.5.3. Fatty acid composition 

The fatty acids profiles for the studied varieties, produced under different nitrogen rates are 

shown in Table 10. Linseed oil consists mainly of palmitic, stearic, oleic, linoleic, and α-

linolenic acids. The main fatty acid is α-linolenic acid, an omega-3 tri-unsaturated fatty acid 

ranging from 47.36% to 53.01% (Barbara et al., 2020). 

4.5.3.1. Palmitic acid  

The analysis of variance showed that the palmitic fatty acid composition of linseed was 

significantly (P<0.05) influenced by the main effect of varieties. However the main effect of 

nitrogen rates and their interaction doesn‟t affect this parameter (Appendix Table 4).  The 

highest palmitic acid was recorded from Bekoji-14 variety (6.14%) which was statistically 

similar with Kulumsa-1 variety (5.85%) while the minimum was obtained from Tolle variety 

(5.44%) (Table 10). This difference in palmitic fatty acid could be attributed due to the genetic 

variability of tested linseed varieties.  

Similarly, Alemu et al. (2020) reported that the maximum (6.1%) and minimum (5.6%) of 

palmitic fatty acid composition of linseed were obtained from Jeldu and Kulumsa-1 varieties, 

respectively. This also indicated how genetic makeup of varieties played a significant role in 

determining the fatty acid composition in linseed. Gabiana (2005) also reported that nitrogen rate 

had no significant effect on palmitic fatty acid of linseed. The present finding was in agreement 

with Pali and Mehta (2014) who reported that the range of palmitic fatty acid in linseed ranged 

from 5.0 to 9.9%. 
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4.5.3.2. Stearic acid 

The analysis of variance showed that the stearic fatty acid composition of linseed was 

significantly (P<0.05) influenced by the main effect of varieties. However the main effect of 

nitrogen rates and their interaction doesn‟t affect this parameter (Appendix Table 4).  The 

highest stearic acid was recorded from Bekoji-14 variety (4.27%) which was statistically similar 

with Kulumsa-1 variety (3.78%) while the minimum was obtained from Tolle variety (3.45%) 

(Table 10). The difference in percent of stearic fatty acid composition might be due to variation 

in the genotypic characteristics of linseed varieties.  

Similarly, Gambus et al. (2003) reported that linseed oil contains from 4 to 5.4% stearic acid. In 

addition, Pali and Mehta (2014) also revealed that stearic fatty acid composition of linseed 

ranged from 1.3 to 7.6% depending on varieties and soil fertility level. Hence, the result of this 

study is in line with the range of stearic fatty acids of other studies. Gabiana (2005) also reported 

that nitrogen rate had no significant effect on stearic fatty acid of linseed. On the contrary, 

Alemu et al. (2020) revealed that the stearic fatty acid composition of linseed was not influenced 

by the main effect of linseed varieties. 

Table 10.  Main effect of nitrogen rates and linseed varieties on palmitic acid, stearic acid, oleic 

acid, linoleic acid and linolenic acid 

N rate (kg ha
-1

) PA SA OA LA LCA 

0 5.76 3.66 16.66 13.41 34.37 

11.5 5.78 3.68 16.74 13.44 34.39 

23 6.14 4.04 17.15 13.81 34.92 

34.5 5.57 3.95 17.17 13.11 34.34 

Varieties 

     Kulumsa-1 5.85
ab

 3.78
ab

 17.09
ab

 13.51
ab

 34.63
ab

 

Tolle 5.44
b
 3.45

b
 16.45

b
 13.06

b
 34.09

b
 

Bekoji-14 6.14
a
 4.27

a
 17.25

a
 13.76

a
 34.81

a
 

CV (%) 10.38 20.83 4.57 4.48 1.99 

Treatment means followed by the same letter(s) are not significantly different. Where: CV= 

coefficient of variation; PA= palmitic acid; SA= stearic acid; OA= oleic acid; LA= linoleic acid 

and LCA= linolenic acid. 
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4.5.3.3. Oleic acid 

The analysis of variance revealed that the oleic fatty acid composition of linseed was 

significantly (P<0.05) affected by the main factor of varieties However, the main effect of 

nitrogen rate and their interaction doesn‟t affect this parameter (Appendix Table 4). The highest 

(17.25%) percent of oleic fatty acid composition of linseed were obtained from Bekoji-14 variety 

which was statistically similar with Kulumsa-1 variety and the minimum was obtained from 

Tolle variety (16.45%) (Table 10). The varietal difference in oleic fatty acid composition could 

be due to the difference in their inherent characteristics. 

Similarly, Alemu et al. (2020) reported that the highest (19.6 %) and the lowest (18.6 %) percent 

of oleic fatty acid composition of linseed were obtained from Jeldu and Bekoji-14 varieties, 

respectively. Pali and Mehta (2014) also reported that the oleic fatty acid content in linseed 

genotypes differs and ranged from 13.3 - 35%.  

As nitrogen level increased from zero to the highest level, it increased percent of oleic fatty acid 

significantly but there was no significance difference statistically. Similarly, Gabiana (2005) also 

reported that nitrogen rate had no significant effect on oleic fatty acid content of linseed. On the 

contrary, Klimek et al., (2013) who reported that increasing the levels of mineral fertilizer 

increased the content of oleic fatty acids. 

4.5.3.4. Linoleic acid 

The analysis of variance indicated that percent of linoleic fatty acid composition of linseed was 

significantly (P<0.05) influenced by the main effect of varieties while nitrogen rates and the 

interaction of main factors didn‟t affected linoleic fatty acid composition (Appendix Table 4). 

The highest (13.76%) of linoleic fatty acid composition of linseed was obtained from Bekoji-14 

variety which was statistically similar with Kulumsa-1 variety and the minimum was obtained 

from Tolle variety (13.06%) (Table 10). The difference in linoleic acid content among varieties 

might be due to their difference in their genetic makeup. The result of this study was in 

agreement with Hosseinian (2004) who reported that the content of linoleic fatty acid of linseed 

ranged from 11.18 - 16.13%. Similarly, Pali and Mehta (2014) reported that the values of linoleic 

acids ranged 10.4 - 20.9 % for linseed. On the contrary, Alemu et al. (2020) revealed that the 
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linoleic fatty acid composition of linseed was not influenced by the main effect of linseed 

varieties and Gabiana (2005) also reported that nitrogen rate had significant effect on linoleic 

fatty acid of linseed. 

4.5.3.5. Linolenic acid 

The analysis of variance revealed that the linolenic fatty acid composition of linseed was 

significantly (P<0.001) influenced by the main factors of varieties while nitrogen fertilizer levels 

and their interaction doesn‟t influenced this parameter (Appendix Table 4). The highest (34.81%) 

of linolenic fatty acid composition of linseed were obtained from Bekoji-14 variety which was 

statistically similar with Kulumsa-1 variety and the minimum was obtained from Tolle variety 

(34.09%) (Table 10). This variation also might be ascribed to their genetic makeup difference. 

Similarly, Pali and Mehta (2014) reported that the values of alpha-linolenic acids in linseed 

range (33.1 to 63.1%) depend on the cultivars. On the contrary, Alemu et al. (2020) recorded that 

the linoleic fatty acid composition of linseed was not affected by the main effect of linseed 

varieties and Gabiana (2005) also reported that nitrogen rate had significant effect on linolenic 

fatty acid of linseed. 

4.6. Partial Budget Analysis 

Partial budget is a method of organizing experimental data and information about the costs and 

benefits of various alternative treatments. It is the process of examining only those costs, returns 

and resource need that change with a proposed adjustment. A partial budget is a way of 

calculating the total costs that vary and the net benefits of each treatment (CIMMYT, 1988). 

From the result of the present study, the average yield of twelve treatment combinations was 

obtained. According to CIMMYT (1988), the average yield was adjusted down wards by 10%. 

This is for the reason researchers have assumed that using the same treatments the yields from 

the experimental plots and farmers‟ fields are different, thus average yields should be adjusted 

downward. Based on this, the recommended level of 10% was calculated for all twelve treatment 

combinations to get the adjusted yield. 

Furthermore, to obtain the gross field benefits, it is essential to know the field price value of one 

kg of linseed during harvesting time. Then adjusted yield was multiplied by field price to obtain 
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gross field benefit. For different treatment combinations, the total costs and net benefits were 

calculated. The cost of this experiment includes the cost of Urea and labour for fertilizer 

application. The purchasing price of Urea was 18.00 birr kg
-1

 and the cost for daily labour during 

the season was 150 Birr per day. The field price of linseed during the harvesting season was 60 

birr kg
-1

. Finally to obtain net benefit all the total variable costs were subtracted from gross field 

benefit. 

Hence, to recommend the present result for producers, it is necessary to estimate the minimum 

rate of return acceptable to producers in the recommendation domain. The results of the partial 

budget analysis revealed that the Bekoji-14 variety at 11.5 kg ha
-1

 N had the highest net benefit 

with net benefit (118,625.7 ETB ha
-1

) and MRR of (9591.96) (Table 11). Therefore, the 

application of nitrogen at a rate of 11.5 on the Bekoji-14 variety was recommended for linseed 

production in the study area. This showed that fertilizer has a major role on a crop yield and 

preferable quality and hence optimum nitrogen rate with best performed variety is important to 

obtain maximum net profit. 
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Table 11. Summary of partial budget and marginal rate of return analysis for production of 

linseed varieties influenced by nitrogen fertilizer rates 

N rate (kg 

ha
-1

) Varieties 

Av Y (kg 

ha
-1

) 

Ad Y (kg ha
-

1
) 

TVC (ETB 

ha
-1

) 

Ad 

TVC(ETB 

ha
-1

) 

                                           

GFB (ETB 

ha
-1

) 

NB (ETB 

ha
-1

) 

MRR         

(%) 

0 Kulumsa-1 1740.05 1566.04 0 0 93,962.40 93962.40 

 11.5 Kulumsa-1 2122.79 1910.51 207 227.7 114,630.60 114,402.90    D 

23 Kulumsa-1 2141.36 1927.22 414 455.4 115,633.20 115,177.80    D 

34.5 Kulumsa-1 1845.98 1661.38 621 683.1 99,682.80 98,999.70    D 

 0 Tolle 1564.52 1408.10 0 0 84,486.00 84,486.00     - 

 11.5 Tolle 1619.66 1457.69 207 227.7 87,461.40 87,233.70    D 

 23 Tolle 2013.17 1811.85 414 455.4 108,711.00 108,255.60    D 

 34.5 Tolle 2094.71 1885.24 621 683.1 113,114.00 112,430.90    D 

 0 Bekoji-14 1792.31 1613.08 0 0 96,784.8.00  96,784.80     - 

 11.5 Bekoji-14 2200.99 1980.89 207 227.7 118,853.40 118,625.70     9591.96 

 23 Bekoji-14 2157.25 1941.52 414 455.4 116,491.20 116,035.80       D 

 34.5 Bekoji-14 1912.63 1721.37 621 683.1 103,282.20 102,599.10       D 

Av Y= average yield; Ad Y= adjusted yield; TVC= total variable cost; Ad TVC= adjusted total 

variable cost; GFB= growth field benefit; NB= net benefit; MRR= marginal rate of return; D= 

dominated treatment; Purchasing price of urea fertilizer= 18.00 Eth-Birr kg
-1

; purchasing price of 

linseed= 60 Eth-Birr kg
-1

; Labour cost = 150 Eth-Birr per man per day. 
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4.7. Correlation of Seed Yield and Some Related Parameters 

The correlation coefficient estimates the degree of association of different linseed yield, yield 

components and quality parameters among themselves. The correlation coefficient was 

calculated for the different response variables which help to show how the growth characters and 

yield components affected the growth, yield and quality of linseed.  

Thus, it was observed that the total seed yield was highly significantly and positively correlated 

with plant population (r=0.44**), plant height (r=0.84**), branch height (r=0.81***), number of 

branch (r=0.53***), thousand seed weight (r=0.67***), above-ground dry biomass yield 

(r=0.64***), straw yield (r=0.51**), harvest index (r=0.81***), oil yield (r=0.98***) and 

significantly correlated with number of capsules per plant (r=0.37*) and number of seed per 

capsule (r=0.35*) (Table 12). This indicated that the increased growth of plant height, number of 

capsules per plant and number of seeds per capsule increased the yield and quality of linseed 

varieties. Similarly, Kumar and Paul (2016) indicated that seed yield of linseed had significant 

and positive association with plant height, biological yield, straw yield, and 1000-seed weight. In 

addition, Kant et al. (2008) also reported significant and positive correlation of seed yield of 

linseed with number of capsules per plant, number of seeds per capsule, aerial dry biomass, 

harvest index, thousand seed weight and oil yield. In addition, fatty acid profile component was 

positively and highly significantly correlated with each other. 

However, seed yield was negatively and non-significantly associated with days to flowering (r=-

0.13
ns

) and percent oil content (r=-0.08
ns

) while it is negatively and significantly correlated with 

days to maturity (-0.33*). The negative correlation between seed yield and percent oil content 

could be due to the decrease in seed oil content as seed yield increased with application of 

nitrogen fertilizer. Percent oil content was negatively and highly significantly correlated with day 

to flowering (r=-0.68***) and day to physiological maturity (r=-0.51**). Similarly Kaur and 

Paul (2020) showed that significant negative correlation was observed for days to flowering with 

oil content and days to maturity with oil content of linseed. This association indicates nitrogen 

fertilization had noticeably contributed to enhancing the yield and quality of linseed varieties. 

Finally, the effective yield improvement of linseed would be achieved through the characters 

which have significant and positive correlation with yield and other economic traits. 
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Table 12. Correlation analysis of phenological, growth, yield and quality parameter of linseed varieties as influenced by nitrogen 

fertilizer rates 

Par. DF DM PP PH BH NT NCPP NSPC TSW ADBY SY 

DF 1.00 

          DM 0.79
***

 1.00 

         PP -0.22
ns

 -0.32
ns

 1.00 

        PH -0.19
ns

 -0.35
*
 0.42

**
 1.00 

       BH -0.22
ns

 -0.38
*
 0.42

**
 0.96

***
 1.00 

      NT -0.16
ns

 -0.34
*
 0.67

***
 0.54

***
 0.60

***
 1.00 

     NCPP -0.63
***

 -0.63
***

 0.38
*
 0.38

*
 0.48

***
 0.38

*
 1.00 

    NSPC -0.21
ns

 -0.38
*
 0.24

ns
 0.24

ns
 0.48

***
 0.24

ns
 0.54

***
 1.00 

   TSW -0.21
ns

 -0.30
ns

 0.46
**

 0.73
***

 0.70
***

 0.61
***

 0.51
***

 0.46
**

 1.00 

  ADBY 0.24
ns

 0.67
ns

 0.26
ns

 0.54
***

 0.56
***

 0.41
**

 0.19
ns

 0.31
ns

 0.53
***

 1.00 

 SY -0.13
ns

 -0.33
*
 0.44

**
 0.84*

**
 0.81

***
 0.53

***
 0.37

*
 0.35

*
 0.67

***
 0.64

***
 1.00 

StY 0.29
ns

 0.15
ns

 0.20
ns

 0.43
**

 0.46
**

 0.35
*
 0.13

ns
 0.28

ns
 0.46

**
 0.99

***
 0.51

**
 

HI 0.10
ns

 -0.03
ns

 0.39
*
 0.81

***
 0.78

***
 0.43

**
 0.32

ns
 0.38

*
 0.71

***
 0.74

***
 0.81

***
 

POC -0.68
***

 -0.51
**

 0.36
*
 -0.07

ns
 0.03

ns
 0.19

ns
 0.45

**
 0.05

ns
 -0.07

ns
 -0.26

ns
 -0.08

ns
 

OY -0.27
ns

 -0.44
**

 0.52
***

 0.82
***

 0.81
***

 0.58
***

 0.47
**

 0.36
*
 0.66

***
 0.58

***
 0.98

***
 

PA -0.10
ns

 -0.32
*
 0.32

ns
 0.45

*
 0.45

*
 -0.51

**
 0.29

ns
 0.40

*
 0.32

ns
 0.39

*
 0.45

*
 

SA 0.13
ns

 -0.16
ns

 0.18
ns

 0.42
*
 0.46

*
 0.37

*
 -0.02

ns
 0.19

ns
 0.26

ns
 0.44

*
 0.38

*
 

OA -0.14
ns

 -0.08
ns

 0.19
ns

 0.34
*
 0.36

*
 0.35

*
 -0.05

ns
 0.06

ns
 0.28

ns
 0.54

***
 0.40

*
 

LA -0.15
ns

 -0.32
*
 0.31

*
 0.43

**
 0.48

**
 0.39

*
 0.34

*
 0.44

**
 0.29

ns
 0.36

*
 0.40

*
 

LCA  -0.02
ns

  -0.19
ns

 0.22
ns

   0.53
***

  0.55
***

  0.29
ns

  0.57
ns

  0.32
ns

  0.30
ns

  0.43
*
  0.47

**
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Correlation (continued) 

Par. STY HI POC OY PA SA OA LA LCA 

STY 1.00 

        HI 0.65
***

 1.00 

       POC -0.27
ns

 -0.25
ns

 1.00 

      OY 0.45
**

 0.78
***

 0.13
ns

 1.00 

     PA 0.35
*
 0.28

ns
 0.09

ns
 0.46

*
 1.00 

    SA 0.41
*
 0.28

ns
 -0.11

ns
 0.36

*
 0.83

***
 1.00 

   OA 0.52
**

 0.30
ns

 -0.15
ns

 0.37
*
 0.71

***
 0.88

***
 1.00 

  LA 0.32
ns

 0.25
ns

 0.13
ns

 0.42
*
 0.97

***
 0.70

***
 0.59

***
 1.00 

 LCA 0.39
*
 0.34

*
 -0.06

ns
 0.46

**
 0.92

***
 0.85

***
 0.74

***
 0.90

***
 1.00 

Where: Par= parameter; DF= days to flowering; DM= days to maturity; PP= plant population; 

PH= plant height; BH= branch height; NB= number of branches; NCPP= number of capsules per 

plant; TSW= thousand seed weight; NSPC= number of seeds per capsule; TDBY= total dry 

biomass yield; StY= straw yield; SY= seed yield; HI= harvest index; POC= percent oil content; 

OY= oil yield; PA= palmitic acid; SA= stearic acid; OA= oleic acid; LA= linoleic acid; LCA= 

linolineic acid 
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5. SUMMARY, CONCLUSION AND RECOMMENDATION 

Linseed is the most widely cultivated oil crops in Ethiopia and the country was one of the 

leading producers and exporters in the world. In Ethiopia, it is used as cash crop, export 

commodity, raw material for industries and as source of employment opportunity. Also it is the 

major export commodity of oil seed crops that generate foreign currency. The increment in 

linseed production and productivity can be related with different growth factors. Among those 

the use of appropriate agronomic management is an undoubted contribution to increased linseed 

yield and quality. Although several constraints are associated with linseed production including 

improper agronomic practice used by farmers, lack of improved seed varieties, moisture stress, 

poor crop management practices including proper nitrogen fertilizer application are the major 

problems. Hence, appropriate nitrogen fertilizer rates and improved varieties are the key 

agronomic practices which affect yield and quality of linseed. 

Therefore, a field experiment was conducted during the 2021 main cropping season at Angolela 

Tera District demonstration site of Debre Berhan University to evaluate the effect of nitrogen 

fertilizer rates on growth, yield and quality of linseed (Linum usitatisimum L.) varieties. The 

treatments consisted of four rates of N fertilizer (0, 11.5, 23, and 34.5 kg ha
-1

) and three linseed 

varieties (Kulumsa-1, Tolle and Bekoji-14). The experiment was laid out using a randomized 

complete block design in a factorial arrangement with three replications.  

The analysis of variance revealed that phenological, growth, yield and quality parameters 

responded differently to varieties and nitrogen fertilizer rates. Plant population and fatty acid 

profile was significantly influenced by the main effect of varieties alone. While number of 

branches and number of seeds per capsule were significantly influenced by the main effect of 

nitrogen rates and varieties. 

However, days to flowering, days to maturity, plant height, branch height, number of capsules 

per plant, thousand seed weight, above-ground dry biomass yield, seed yield, straw yield, harvest 

index, percent oil content and oil yield was significantly influenced by the interaction effect of 

nitrogen fertilizer rates and linseed varieties.  
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Plants grown at the higher rates of nitrogen application (34.5 kg ha
-1

) required higher number of 

days to flower and mature. Similarly, difference in linseed varieties resulted in difference 

flowering and maturity period. Significantly more number of branches and higher number of 

seeds per capsule were obtained by the application of nitrogen at a rate of 23 and 11.5 kg ha
-1

, 

respectively. Likewise, more number of branches and higher number of seeds per capsule were 

obtained from Bekoji-14 variety.  

However, the increase in nitrogen fertilizer application from 0 kg ha
-1

 to 23 kg ha
-1

 resulted in an 

increment in plant height, number of capsules per plant, thousand seed weight, and seed yield but 

further increase in nitrogen fertilizer showed statistically similar trend. This might be due to the 

medium amount of nitrogen in the soil and further application of nitrogen fertilizer at higher rate 

might not lead to show an increasing trend. The application of nitrogen fertilizer at a rate of 11.5 

kg ha
-1

 on Bekoji-14 variety resulted in a higher value of yield and yield components as 

compared to other treatment combinations. Thus, variety Bekoji-14 exhibited superiority over 

other varieties.  

The partial budget analysis revealed that the highest net benefit of Birr (118,625.7 ETB ha
-1

) was 

recorded from the combination of Bekoji-14 variety at 11.5 kg ha
-1

 N with a MRR value 

9591.96%. Based on this finding it could be concluded that Bekoji-14 varieties at nitrogen rate of 

11.5 kg ha
-1

 is the optimum to be adopted for linseed production and economic feasibility around 

the experimental area and similar agro-ecologies. However, as the experiment was done for only 

one season and single location, it has to be repeated over seasons and locations and it is essential 

to demonstrate high yielder and best quality linseed varieties with optimum nitrogen application 

to the farmer for production through extension and demonstrations. 
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7. APPENDICES 

Appendix Table 1. Mean square of analysis of variance for days to flowering, days to maturity, 

plant height and branch height of linseed varieties as influenced by nitrogen rates 

Source of variation DF DTF (day) DTM (day) PH (cm) BH (cm) 

REP 2 13.44 19.53 72.03 90.49 

N rate 3 160.84
***

 106.41
***

 256.22
***

 247.89
***

 

Var 2 95.36
***

 85.36
***

 140.73
**

 236.11
**

 

N*Var 6 69.91
***

 51.69
***

 135.66
***

 151.42
***

 

Error 22 6.41 2.21 6.48 10.31 

CV (%)  3.31 1.14 3.25 4.70 

Where: DF =degree of freedom; REP =replications; Var =variety; N rate =nitrogen rate; N*Var= 

nitrogen rate and variety interaction; CV=coefficient of variation; DTF= days to flowering; 

DTM= days to maturity; PH= plant height; BH= branch height 

 

Appendix Table 2. Mean square of analysis of variance for plant population, number of 

branches, number of capsules per plant, number of seeds per capsule and thousand seed weight 

of linseed varieties as influenced by nitrogen rates 

Source of 

variation 

DF PP (count) NB (count) NCPP (count) NSPC 

(count) 

TSW (g) 

REP 2 18517.33 0.27 79.79 0.01 0.20 

N rate 3 39590.99
ns

 0.36
*
 201.71

***
 1.28

**
 1.18

**
 

Var 2 52947.25
*
 1.74

***
 225.72

***
 1.24

*
 1.12

**
 

N*Var 11 24527.52
ns

 0.32
ns

 131.54
***

 0.13
ns

 0.80
***

 

Error 22 16859.70 0.10 8.13 0.24 0.13 

CV (%)  11.72 10.09 10.99 2.76 7.30 

Where: DF =Degree of Freedom; REP =replications; Var =Variety; N rate =Nitrogen rate; 

N*Var= Nitrogen rate and Variety interaction; CV=Coefficient of Variation; PP= Plant 

Population; NB= Number of Branches; NCPP= Number of Capsules per Plant; NSPC= Number 

of seeds per Capsule; TSW= Thousand Seed Weight; g= gram   
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Appendix Table 3. Mean square of analysis of variance for total dry biomass yield, straw yield, 

seed yield and harvest index of linseed varieties as influenced by nitrogen rates 

Source of 

variation 

DF TDBY (kg ha
-1

)  StY (kg ha
-1

) SY (kg ha
-1

) HI (%) 

REP 2 2236093.03 1352263.16 115823.20 0.41 

N rate 3 10004322.17
***

 7551383.27
***

 7551385.27
***

 82.33
***

 

Var 2 6445014.41
***

 4826189.46
***

 4826189.46
***

 16.05
***

 

N*Var 11 4320007.25
***

 3462588.79
***

 145384.49
***

 28.01
***

 

Error 22 134809.54 137985.86 2144.64 0.61 

CV (%)  4.79 6.49 2.40 3.03 

Where: DF =Degree of Freedom; REP =replications; Var =Variety; N rate =Nitrogen rate; 

N*Var= Nitrogen rate and Variety interaction; CV=Coefficient of Variation; TDBY= Total Dry 

Biomass Yield; StY= Straw Yield; SY= Seed Yield; HI= Harvest Index 

 

Appendix Table 4. Mean square of analysis of variance for percent oil content, oil yield, palmitic 

acid, stearic acid, oleic acid, linoleic acid and linolenic acid of linseed varieties as influenced by 

nitrogen rates  

Source of 

variation 

DF POC 

(%) 

OY (kg  

ha
-1

) 

PA (%) SA (%) OA (%) LA (%) LNA (%) 

REP 2 1.42 17398.88 2.33 5.52 3.92 1.79 4.08 

N rate 3 3.98
***

 30535.19
***

 0.52
ns

 0.33
ns

 0.66
ns

 0.73
 ns

 1.69
 ns

 

Var 2 2.10
*
 23122.43

**
 1.48

*
 2.02

*
 2.14

*
 1.51

*
 1.21

*
 

N*Var 11 1.99
***

 19041.36
***

 0.46
ns

 0.54
ns

 0.64
ns

 0.55
 ns

 0.56
 ns

 

Error 22 0.27 437.94 0.26 0.64 0.57 0.30 0.47 

CV (%)  1.44 2.98 10.38 14.96 4.28 4.48 1.99 

Where: DF =degree of Freedom; REP =replications; Var =variety; N rate =nitrogen rate; 

N*Var= nitrogen rate and variety interaction; CV=coefficient of variation; POC= percent oil 

content; OY= oil yield; PA = palmitic acid; SA =stearic acid; OA = oleic acid; LA = linoleic 

acid; LNA = linolenic acid 
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Appendix Table 5. Mean monthly and annual rainfall (mm) at Angolelana Tera area (2012-2021) 

Month 

     Year      Jan Feb Mar Apr May Jun Jul Aug ep Oct Nov Dec 

2012 0 0 10.55 89.65 0 42.19 184.57 221.48 116.02 0 0 0 

2013 10.55 0 42.19 126.56 36.91 68.55 237.3 200.39 105.47 42.19 31.64 0 

2014 0 26.37 47.46 94.92 89.65 47.46 152.93 142.38 137.11 52.73 5.27 0 

2015 10.55 5.27 42.19 0 73.83 126.56 63.28 152.93 26.37 0 31.64 10.55 

2016 42.19 36.91 36.91 205.66 105.47 15.82 200.39 147.66 142.38 36.91 15.82 5.27 

2017 0 163.48 126.56 10.55 142.38 15.82 131.84 174.02 121.29 36.91 5.27 0 

2018 0 42.19 15.82 152.93 15.82 94.92 126.56 205.66 36.91 52.73 58.01 0 

2019 0 42.19 47.46 200.39 31.64 63.28 63.28 232.03 195.12 47.46 47.46 21.09 

2020 0 15.82 58.01 237.3 105.47 52.73 184.57 258.4 94.92 31.64 10.55 5.27 

2021 26.37 21.09 0 88.5 60.14 81.4 179.73 185.88 114.87 47.19 166.31 143.29 

 

Appendix table 6. Mean monthly and annual maximum temperature (
0
C) at Angolelana Tera area 

(2012-2021) 

Month 

     year Jan Feb Mar Apr May Jun Jul Aug ep Oct Nov Dec 

     2012 23.44 25.72 26.73 24.74 25.4 26.95 22.53 20.47 19.4 21.2 22.26 22.75 

     2013 26.25 26.21 27.19 24.39 24.35 24.59 21.25 19.25 19.34 19.22 20.01 21.34 

     2014 23.67 24.8 25.1 24.32 22.42 25.23 24.57 21.02 19.69 19.05 21.62 21.49 

     2015 22.75 25.06 25.19 25.99 26.3 24.84 23.27 23.22 23.25 22.72 22.84 23.25 

     2016 23.22 26.01 26.22 25.55 22.18 23.89 21.87 20.87 20.08 19.29 22.44 21.48 

     2017 24.33 25.03 23.94 24.26 22.08 24.82 23.05 22.85 20.03 20.39 21.18 22.6 

     2018 23.12 24.94 26.33 22.99 24.05 24.98 21.56 21.23 20.11 21.22 20.77 21.18 

     2019 24.06 24.64 26.28 22.15 24.84 25.44 23.4 22.69 20.64 19.23 20.23 22 

     2020 22.86 25.24 27 24.49 21.77 23.28 22.43 20.13 20.18 19.85 20.65 21.45 

     2021 22.45 23.75 25.26 27.41 24.18 25.81 23.73 21.41 20.45 20.01 21.39 20.79 
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Appendix table 7. Mean monthly and annual minimum temperature (
0
C) at Angolelana Tera area 

(2012-2021) 

Month 

     Year Jan Feb Mar Apr May Jun Jul Aug ep Oct Nov Dec 

    2012 2.66 3.09 3.64 7.75 8.15 8.83 7.81 8.65 8.12 1.23 3.45 3.19 

    2013 3.65 4.74 6.71 8.99 8.66 9.12 8.16 8.3 7.5 4.32 2.08 1.02 

    2014 3.73 5.26 6.96 7.17 8.26 8.51 9.19 9.58 6.61 4.25 3.26 1.72 

    2015 1.73 3.39 4.5 5.71 7.94 7.73 8.65 8.62 7.94 5.5 3.08 3.3 

    2016 5.65 3.94 7.55 8.99 9.06 8.48 8.68 7.5 8.58 3.12 0.23 0.05 

    2017 -0.11 4.16 5.99 5.66 9.22 9.27 9.18 9.22 7.76 5.17 2.14 -0.46 

    2018 1.99 2.04 4.34 8.03 7.48 9.43 8.75 8.43 5.8 3.76 2.12 2.84 

    2019 1.4 4.94 7.52 7.73 7.93 8.47 9.08 9.42 8.01 3.4 4.45 1.9 

    2020 4.11 5.38 7.99 7.94 8.31 9.6 8.23 8.19 8.3 3.3 1.23 2.21 

    2021 2.59 3.11 3.47 5.05 5.93 8.44 9.05 7.81 7.31 2.8 1.83 0.46 

 

 

 

 

 


