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ABSTRACT 

 

Two field experiments were conducted at the newly reclaimed area at the experimental farm of the national 

research center, Nobaria Distric, El-Behaira Governorate, Egypt during the two winter seasons of (2008/2009) 

and (2009/2010).The objective was to study the effect of micronutrients (Fe, Mn, Zn and Cu ) foliar spraying in 

four or three combinations on seed and straw yield, yield components and seed oil and nutrients content on 

flax(linum usitatissimum L.) cv. Sakha-2. Results of the combined analysis of the two seasons revealed that 

foliar application of micronutrient combinations significantly increased yield, yield components, oil percentage 

and most nutrients content in seeds as compared with the control treatment. Regarding the effect of 

micronutrients combinations on yield and yield components, data clearly indicated that flax plants foliar treated 

with four micronutrients (Zn, Mn, Fe, and Cu) together were superior in its yield and yield components and seed 

oil percentage and significantly surpassed the most treatments of combined micronutrients. Regarding the effect 

of the omit nutrient from the combined of four micronutrients on yield and yield components, results clearly 

showed that Zn omition caused the highest decreases in seeds and straw yields, most of yield components and 

seed oil content. Seeds nutrients content were differed according to the micronutrients combinations treatments. 
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Introduction 

 

Flax (Linum usitatissimum L.) is an annual plant grown in many different countries all over the world. In 

Egypt, it is one of the oldest crops cultivated for its seeds and fibres as double purpose crop science pharaoh 

age. Hence they processed it in very tine linen fabrics for kings and princesses only. The oil from flaxseed is one 

of the richest of ∞ linolenic acid and is used mainly as drying oil in, paints, varnishes, other industrial and 

pharmaceutical applications and the oil extracted from unheated seeds is used for food purposes (El-Kady, 

Eman and Abd El-Fatah, 2009). Flax is an important economic crop which plays a role in our policy through its 

local fabrication as well as exportation. Although, the cultivated area in Egypt is relatively small and decreased 

dramatically in last decade, great reduction had happened in flax cultivated area which reached about, 16345 

feddan( feddan= 4200m
2
) in  2005/2006  winter season (AERMAE, 2007). This reduction was due to the strong 

competition between flax and other winter season crops such as wheat, berseem clover and other crops. Thus 

there is a great gap between the production and consumption especially in seed yield, this gap could be 

minimized by increasing the yield per unit area through new varieties characterized by high yielding and 

improvement of agriculture practices such as fertilization as well as, expanded of its cultivation in the newly 

reclaimed sandy soil. In this respect studies indicated that flax can successfully grow under newly reclaimed 

sandy soil conditions in Egypt, (Kandil et al., 2008) and Bakry, 2009). Meanwhile, deficiency of micronutrients 

in such areas of soils has been shown as yield –limiting factor (El–Fouly, 1983). Foliar application of 

micronutrients was successfully used for correcting deficits in crops (Alexander, 1986). Micronutrients play a 

great role in plant growth as a result of affecting many physiological processes in plant life.  Several studies 

under alluvial soil conditions of Nile delta in Egypt indicated that the application of some microelements as 

foliar application caused an increase in yield and quality of flax, El -Gazzar and El-Kady (2000), Moawed 

(2001) and Mostafa and El–Deeb (2003). In addition, Mousa et al., (2010), Khalifa et al., (2011) and Bakry et 

al., (2012) under sandy soil conditions reported that micronutrients foliar application increased and improved 

straw and seed yield of flax. Thus the objective of the present study was to investigate the effect of some 

micronutrients combinations as foliar spray on flax yield, yield components, oil percentage and nutrient uptake 

by seed under newly reclaimed sandy soil conditions.  

 

Material and Methods 

 

Two field experiments were conducted at the newly reclaimed area at the experimental farm of the National 

Research Center, Nobaria District, El-Behaira Governorate, Egypt during the two winter seasons of (2008/2009) 
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and (2009/2010).The objective was to investigate the response of flax plants, Sakha-2 cultivar to foliar 

application of micronutrients in different combinations. Micronutrient elements in sulfate forms were twice 

foliar sprayed at the rate of 3.0gm/l of booth Fe, Mn, and Zn and 1gm/l of Cu (200 L /fed.) at commencement of 

flowering and capsules filling stages.  

The treatments of this study were as follows:   

(1)  Fe+ Mn+ Zn + Cu.           (2)   Fe+ Mn+ Zn (- Cu).           (3)  Fe+ Mn+ Cu (- Zn). 

(4)   Fe+ Zn + Cu (- Mn ).       (5)  Zn +Mn + Cu (- Fe).           (6) Control (sprayed with water).        

A randomized complete block design with four replications was used in both seasons.       

 Sowing date took place on mid November, 15
th

 in both seasons and seeds were sown in 

 rows of 3.5 m long with 15cm apart and were drilled with a rate of 60 kg. Plot area was 10.5 m
2
 

 (3.0 m x 3, 5 m) and consisted of fifteen rows. 

Each mineral fertilizers of NPK were added at the rates of 100% from that recommended by the Egyptian 

Ministry of Agriculture. For nitrogen fertilizer, the recommended dose was 200 kg ammonium nitrate (33.5% 

N) /feddan, whereas, the recommended dose for phosphorus fertilizer was 150 kg calcium superphosphate 

(15.5% P2O5) /feddan and for all treatments, basic dose of 50 kg potassium sulphate (48% K2O) / feddan was 

added. Phosphorus and Potassium fertilizer was added as one part before sowing during the preparation of land. 

Whereas,   nitrogen fertilizer as ammonium nitrate (33.5%) was splited into five equal doses i.e. 15, 30, 45, 60 

and 75 days after sowing. Foliar application of micronutrients was applied twice, the first one was applied 

immediately at the beginning of flowering stage, and the second foliar application was carried out at the 

beginning of capsules filling. 

At full maturity stage and appearance of harvesting symptoms, random representative samples of ten plants 

were taken from every experimental unit to estimate the following characters: 

1- Plant height (cm).  2- Straw yield/plant (g).  3- Seed yield/plant (g). 

4- Number of capsules/plant.                              5- Number of fruiting branches/plant. 

6- Fruiting zone length (cm).                                 

Plants were harvested from each plot. These plants were dried under open air for one week and seeds were 

cleaned after removal from capsules, then the following parameters were calculated: 

1- Straw yield/feddan (ton).                                     2- Seed yield/ feddan (kg). 

 A composite surface soil samples (0-30cm) were taken before sowing from the experimental site, air dried, 

passed through 2mm sieve pores for determination of physic-chemical properties according to Olsen et al. 

(1954), Alison and Moodle, (1965), Jackson, (1973), Chapman and Pratt, (1978), Lindsay and Norvell, (1978) 

and Isaac and Johnson, (1984). The data of the soil analyzing are presented in Table (1).  

 
Table 1: physic-chemical properties of the experimental site (average of the two seasons). 

Item Value Element Value 

Physic properties Available macro element (mg/100g) 

Sand% 90.80 P 0.23 VL 

Silt% 2.00 K 11.92 L 

Clay% 7.20 Mg 18.00 L 

Texture Sandy Ca 92.00 L 

  Na 11.90 VL 

Chemical properties Available microelement (ppm) 

PH 8.30 H Fe 8.40 L 

Ec(dS/m) 0.12 L Mn 6.20 L 

CaCO3% 3.20 L Zn 1.10 L 

O.M% 0.41 VL Cu 0.40 L 

VL= very low, L=low, M = medium      H= high, according to Ankerman and Large (1974). 
 

The dry aching technique was used to extract macro and micronutrients from dried and ground seeds as 

described by Chapman & Pratt (1978). Total N was determined using Kjeldahl method ; total P was photo 

metrically determined using molybdate-vanadate method and measured by Spectrophotometer apparatus while 

total K and Ca were determined using Flame Photometer,. Micronutriments and magnesium were measured 

using Atomic Absorption Spectrophotometer.  Seed oil % was determined by using Soxhlet apparatus and 

petroleum ether (40-60 
o
C ) as a solvent according to A.O.A.C.(1980). 

The obtained data (mean value of two growing seasons), were subjected to statistical analysis according to 

the procedures outlined by Snedecor and Cochran (1990). The treatments means were compared using L.S.D. at 

0.05 level   of probability.  
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Results and Discussion  

 

1- Yield and its components: 

 

Mean values of yield and its components for micronutrients foliar application from the combined analysis 

over the two seasons are presented in table (2). The results revealed that foliar application of micronutrients 

either as four or three micronutrients combinations had significant effect on yield and its components in 

comparison with the control treatment.  Regarding the effect of different micronutrients combinations on yield 

and yield components, data clearly indicated that flax plants foliar treated with the four micronutrients (Zn, Mn, 

Fe, and Cu) together were superior and gave the highest values of seed and straw yields as well as yield 

components and significantly surpassed on some different combinations of the three micronutrients treatments. 

Regarding the omit an item from a combination of the four micronutrients ( Zn – Fe – Mn – Cu ) , the results in 

table (3) indicated a decline in the values of seed and straw yield. The reductions were ranged from 5.84% to 

42.41 % in seed yield and from 3.25% to 30.08% in straw yield. In this context, the delete of Zn led to the 

highest reduction in seed yield (42.41%) and straw yield ( 30.08% ) , while Cu omit caused the lowest seeds and  

straw yields 5.84% and 3.25% , respectively. Previous results reflect the high response of flax plant to Zn foliar 

addition, especially with the four essential micronutrients i.e. Fe, Mn and Cu combinations. In this connection, 

Mousa et al., (2010), Nofal et al., (2011) and Bakry et al., (2012) found that Zn application was more effective 

on increasing growth characteristics as well as yield and yield components of flax plants in comparison to 

application of Mn or Fe as singly treatment. Also, Khalifa et al., (2011) reported that foliar application of 

micronutrients compound contained high Zn concentration was more effective on increasing growth 

characteristics as well as yield and yield components of flax plants. The results of   increasing in seed yield and 

most of yield components would find an interpretation through that foliar application of the combined 

micronutrients could cover at least considerable part of genotype nutritive needs and through affecting the 

metabolic processes plant growth was enhanced (Amberger, 1991). For instance the role of Zn in biosynthesis of 

natural auxin indole acetic acid, moreover, Mn activates number of enzymes involved in carbohydrate synthesis 

and also essential in the photo system II, Fe acts as a catalyst chlorophyll formation, and improves the 

photosynthesis processes, leading to more dry matter production, (Mengel and Kirkby, 1982). In this regard, 

similar results of the positively and significantly effects of micronutrients on flax plants were obtained by 

Moawed (2001), Mostafa and El – Deeb (2003) Mousa et al., (2010), Nofal et al., (2011), and Bakry et al., 

(2012).  

 
Table 2: Effect of micronutrients foliar spray on yield and yield components (mean of 2008/2009and 2009/2010 seasons). 
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Fe+Mn+Zn+Cu 
96.67 1.95 0.86 13.33 7.36 21.33 1.23 539.70 

Fe+Mn+Zn(-Cu) 
94.96 1.31 0.81 12.67 6.40 17.67 1.19 508.20 

Fe+Mn+ +Cu(- Zn) 
79.33 1.79 0.50 10.86 5.51 14.28 0.86 310.80 

Fe+ Zn+Cu(- Mn) 
76.20 1.35 0.65 12.33 5.75 15.33 0.90 340.10 

Mn+Zn+Cu (- Fe) 
80.67 1.83 0.70 11.33 5.42 15.20 1.19 411.70 

Control  
68.12 1.02 0.36 8.72 4.17 11.67 0.70 225.77 

LSD 5% 
7.68 0.20 0.10 1.74 1.01 1.80 0.06 68.02 

 

*fed. (feddan) = 4200m2 
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Table 3: Relatively percentages and reduction of straw and seed yield as compared to the positive control treatment (mean of 2008/2009and 

2009/2010 seasons). 

% Of reduction (%) Relative to positive control 

 
Treatment  

Seed yield 

 

Straw yield 

 
Seed yield 
(Kg/fed.) 

Straw yield 
(Ton/fed.) 

- - 100 100 Fe+Mn+Zn+Cu ( positive control) 

5.84 3.25 94.16 96.75 Fe+Mn+Zn(-Cu) 

42.41 30.08 57.59 69.92 Fe+Mn+ +Cu(- Zn) 

36.98 26.83 63.02 73.17 Fe+ Zn+Cu(- Mn) 

23.72 3.25 76.28 96.75 Mn+Zn+Cu (- Fe) 

58.17 43.09 41.83 56.91 Control (sprayed with water) 

 

2- Seed oil and nutrients content: 

 

Data presented in table (4) indicated that seed oil and most of the nutrient content were significantly 

increased by micronutrients foliar application, as compared with the control treatment. Results clearly indicated 

that foliar spraying of four micronutrients combination significantly increased seed oil content as compared with 

the control and other three micronutrients combinations treatments. In the same time the omit of Fe resulted the 

highest value of seed oil content followed by four micronutrients combination, while Zn omition led to the 

highest decreases in comparison with the other treatments of the three micronutrient combinations. With regard 

to seeds macro and micronutrients content, data in the same table revealed that foliar application of 

micronutrients significantly increased N, K, Mn and Zn of seed content as compared with the control   

treatment. On the contrary seed Mg content was not positively affected with micronutrients foliar application. It 

is clear that the highest values of seeds N content was recorded from the Mn+ Zn + Cu (- Fe) treatment, while 

the highest values of seed P, K, and  Ca content were resulted by the Fe + Mn + Cu (- Zn) treatment. In concern 

of the highest values of seed micronutrients content the resulted showed that the treatment of Fe+ Mn+ Zn(-Cu) 

gave the highest values of Fe and Mn , while Fe+ Zn+ Cu (- Mn) treatment resulted the highest values of Zn and 

Cu. These results of increasing seed oil and nutrients content by micronutrients foliar spray are supported by the 

finding of Moawed, (2001) and Mostafa and El – Deeb (2003) and Khalifa et al., (2011).  

 
Table 4: Effect of micronutrients foliar spray on seed oil and nutrients content (mean of 2008/2009and 2009/2010 seasons). 

 

Treatments 

 

N 

 

P 

 

K 

 

Ca 

 

Mg 

 

Fe 

 

Mn 

 

Zn 

 

Cu     

 

Oil 
(%) g/kg mg/kg 

Fe+Mn+Zn+Cu ( positive control) 39.84 4.13 5.23 15.03 2.42 134 22 26 14 37.92 

Fe+Mn+Zn(-Cu) 38.42 4.11 5.22 16.02 2.11 150 25 33 16 37.24 

Fe+Mn+ +Cu(- Zn) 41.01 4.91 6.32 16.01 2.32 78 23 27 14 37.12 

Fe+ Zn+Cu(- Mn) 40.22 4.31 5.41 13.03 2.81 106 20 39 26 37.30 

Mn+Zn+Cu (- Fe) 44.61 4.42 5.81 13.02 2.22 74 22 28 16 37.46 

Control (sprayed with water) 36.02 4.21 4.82 14.01 2.82 129 15 18 16 36.56 

LSD 5% 2.01 0.21 0.51 2.01 0.15 18.79 1.02 1.71 3.98 0.14 

 

Conclusion: 

 

It can be concluded that flax plants foliar treated with micronutrients (Zn, Fe, Mn and Cu) together were 

superior in its yield and yield components and significantly surpassed the most treatments of combined 

micronutrients.  Results revealed that Zn was more effective on increasing yield and yield components and seeds 

oil content. Micronutrient elements in sulfate forms twice foliar sprayed at the rate of 3.0gm/l of booth Fe, Mn, 

and Zn and 1gm/l of Cu in combination  (200 L /fed.) at commencement of flowering and capsules filling stages 

could be recommended under such soil conditions of sandy soil for given best growth, high flax seed yield and 

oil percentage.  
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