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ABSTRACT 

Two field trial were conducted at Sakha Agricultural Research Station, Kafr El-Sheikh Governorate, Egypt, during 
2016/2017 and 2017/2018 winter seasons to study the physiological response of flax (Linum  usitatissimum L.) Sakha 3, 
cultivar to three nitrogen fertilizer rates i.e;  25, 35 and 45 kg N/fad.. in a combination with foliar spray by urea 2(%) plus 
some of micronutrients mixture of (Fe + Zn + Mn) using concentration at 200 ppm for each element. The maximum 
values of plant height, fruiting zone length, technical length, as well as, leaf area/plant and dry matter accumulation (g)/m2 
at 80 and 95 days after sowing (DAS), crop growth rate (CGR) and net assimilation rate (NAR) at (80–95 DAS) period 
were obtained when plants received 35 kg N/fad. and foliar spray with urea 2(%)plus 200 ppm  micronutrients mixture of  
(Fe + Zn + Mn). In addition, straw and seed yields, its components, fiber (%), fiber yield, total chlorophyll of leaves at 95 
DAS, oil (%) and oil yield. 

The total saturated fatty acids of flax oil were, gradually, increased with increasing nitrogen fertilizer rate from 25 up 
to 45 kg N/fad., whereas,  the total unsaturated fatty acids were decreased. The minimum value of the total unsaturated 
fatty acids were obtained from plants received [35 kg N/fad. and a spray with 200 ppm  micronutrients mixture of (Fe+ Zn 
+Mn)]. 
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INTRODUCTION 
Flax (Linum usitatissimum L.) is an annual plant 

grown in many countries all over the world. In 
Egypt, it is one of the oldest crop planted as a dual 
purpose typs for seeds and fibers, which is used for 
manufacture of linen. Oil seed of flax is edible and 
quick drying, properly, which, is used for the 
preparation of paints, varnishes, printing ink, oil 
cloth and soap. 

Flax fiber is soft, flexible and stronger than 
cotton or wool. The growing area decreased in the 
last three years to 12000, 1445 fad. in 2016/2017 
and 2017/2018 seasons, respectively. due to the 
great competition of other economic winter crops, 
resulting in a gab between production and 
consumption Moursi  et al.(2015). Therefore, it is 
necessary to increase flax productivity per unit area, 
which could be achieved by using high yielding 
cultivars and improving the cultural practices; i.e. 
nitrogen fertilization, foliar spray of urea and  some 
of micronutrients mixture (Fe + Zn + Mn) Hussein, 
(2007) and Ibrahim (2009). Nitrogen is the most 
important nutrient which improves growth and seed 
yield and its components of flax plant. Many 
researchers have postulated the role of nitrogen, 
which can be ascribed to the function of N in plant 
metabolism ; i.e. constituent of amino and nucleic 
acids, many cofactors and cellular compounds. El-
Gazzar and Kineber. (2002). found that increasing 
nitrogen fertilizer from 30 to 60 kg N/fad., 
significantly, increased flax seed yield / fad. El-
Nagdy  et  al. (2010) reported that adding 45kg 
N/fad. recorded the maximum values of seed and 
straw yields of flax. Dervisevic and Jogic. (2014), 

reported that adding 30 kg N/ha to flax plants 
recorded the maximum yield of fiber. 

 Foliar application of urea, as a supplementary 
fertilization, to soil applied nitrogen is very 
important to reduce costs and environmental 
pollution. At the same time, it increases flax 
productivity. Khan et al., (2009) reported that foliar 
spray of 4(%) urea solution enhanced wheat 
quantitative and qualitative traits, when sprayed at 
tillering, stem elongation and booting stages. 

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 micronutrients ,as a foliar 
application caused an increase in seed 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) reported that the 
foliar application of micronutrients increased and 
improved straw and seed yields of flax. 

The objective of the present study was to 
investigate the effect of nitrogen fertilization rates 
with foliar application of urea plus a micronutrient 
mixture (Fe+Zn+Mn) on growth, seed yield and its 
components, seed oil percentage and fatty acids 
percentage of flax plant. 

MATERIALS AND METHODS 
The present work was carried out at Sakha 

Agricultural Research Station, Kafr El-Sheikh 
Governorate, Egypt, during the two winter seasons 
of  2016/2017 and 2017/2018. The aim was to 
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study the effect of three nitrogen fertilizer rates; i.e. 
25, 35 and 45 kg N/fad. and a foliar spray with 
2(%) urea, as well as some of   a micronutrient 
mixture of (Fe + Zn + Mn) using concentration at 
200 ppm for each element on growth, seed  yield 
and  its  components and flax seed oil content. The 
micronutrients were used in the form of ethylene 
diamine tetroacelic acid (EDTA); i.e., EDTA-Fe 
(10% Fe), EDTA-Zn (14% Zn) and EDTA- Mn 
(12% Mn). The experiment was laid out in a 
randomized complete block design, with four 
replications, in both seasons. The treatments were 
as follows: 
1- 25   kg N/fad.    2- 35 kg N/fad.    3- 45 kg N/fad. 
4-25 kg N/fad. + spray with urea 2(%). 
5-25 kg N/fad. + spray with (Fe + Zn + Mn). 
6-25 kg N/fad. + spray with urea 2(%)+ (Fe + Zn 

+ Mn). 
7-35 kg N/fad. + spray with urea 2(%).  
8-35 kg N/fad. + spray with (Fe + Zn + Mn). 
9-35   kg N/fad. + spray  with urea 2(%)+ (Fe + Zn 

+ Mn)  
Flax seeds (Sakha 3 cultivar) were sown on 

2/11 and 6/11 in (2016/2017 and 2017/2018) 
seasons, respectively. Plot area was 10.5 m2 (3m × 
3.5 m), 20 rows, 15 cm apart and 3.5 m long. Some 
mechamical and chemical properties of the 
experimental site are shown in Table (1) and were 
done, according to Ryan et al. (1996).  

All plots received the recommended dose of 
15.5 kg P2O5/fad.(100 kg  calcium superphosphate), 
which incorporated into the soil before sowing. 
Nitrogen fertilization treatments were applied in the 
form of urea (46.5% N) ,were  added in two equal 
doses, the first at 21 days after sowing (DAS) and 
the second at 40 DAS. Foliar application of urea and 

some of  micronutrients mixture were sprayed two 
times, the first after 45 days from sowing  and the 
second after 60 days from sowing. The volume of 
water was 200 liter/fad.,(0.5 liter/plot) and 0.5(%) 
wetting agent of tween 20 was used. Cultural 
practices were practiced, according to the methods 
being adopted for growing flax in the locality.  
I-Growth analysis and attributes:- 

For determining dry matter accumulation 
(g)/m2, leaf area / plant (cm2), crop growth rate 
(CGR), in (g/ m2 /week) and net assimilation rate 
(NAR), in (g/m2 /week). Plant samples were taken 
the area ( 20x20 cm) were randomly taken from the 
outer rows of each experimental plot at the 
beginning of flowering (80 DAS) and the beginning 
of capsules filling  (95 DAS). Plants were dried at 
105oC in a ventilated oven to a constant weight. 
Leaf area / plant (cm2) at 80 and 95 DAS were 
estimated by using leaf area meter apparatus. Crop 
growth rate(CGR): The increase of plant dry matter 
per unit of ground area in unit of time. and Net 
assimilation rate (NAR) the increase of plant dry 
matter per unit of assimilatory material per unit of 
time. were determined, according to Watson (1952), 
as the following formulae:  
CGR = (W2 – W1) / (t2 – t1) in (g/ m2 / week). 
NAR = (W2 – W1) (loge A2 – loge A1) / (A2 – A1) (t2 

– t1) in (g/m2/week). 
Where:- (A2 – A1) = Differences in leaf area 

between two successive samples in m2. 
(W2–W1) = Differences in dry matter accumulation 

of whole plants between two successive 
samples in (g). 

(t2–t1) = Number of days between two successive 
samples (in weeks). 

Loge = Natural logarithm. 

Table 1: Mechamical and Chemical properties of the experimental site in both seasons. 

Soil analysis 2016/2017 2017/2018 
Mechanical analysis:  
Clay (%). 
Silt (%). 
Sand (%). 
Texture class 

42.6 
31.2 
26.2 
clay 

40.9 
32.1 
27.0 
Clay 

Chemical analysis: 
pH. 
EC (ds/m). 
Organic matter (%). 
Ca++ (meq. L-1). 
Mg ++ (meq. L-1). 
K+ (meq. L-1). 
Available K (mg kg-1). 
Available P (mg kg-1). 
Total nitrogen (mg kg-1). 

8.19 
1.83 
1.40 
4.80 
5.01 
4.70 
350 
13 

450 

8.22 
2.30 
1.50 
4.43 
5.12 
4.68 
363 
16.5 
560 

Available Zn (mg kg-1). 
Available Fe (mg kg-1). 
Available Mn (mg kg-1). 

0.71 
4.98 
2.29 

0.93 
6.12 
3.60 

 



Alex. J. Agric. Sci.                                                                                        Vol. 63, No.4, pp. 251-261, 2018 

 253 

 
II-Yield and its components:- 

Harvesting took place at 28/3 and 1/4 in 
(2016/2017and 2017/2018) seasons,  respectively. At 
harvest time, ten individual guarded plants were 
randomly taken from the central row in each plot to 
determine the following:- 
A - Straw yield and its components:- 
- Plant height (cm) by measuring the distance from 

the cotyledon node to upper capsule.  
- Technical length (cm) by mearing the length of the 

main stem from the cotyledon node to the lower 
branch. 

- Straw yield/ fad. (ton)to estimate straw yield /fad., 
all plants from each plot were harvested, then the 
total weight of the air dried straw yield/plot after 
removing capsules was recorded and converted 
into fad.(ton).  

- Fiber %. It was calculated from the following 
formula:             

fiber percentage = (fiber yield /straw yield) x 100. 
- Fiber yield / fad. (kg), It was calculated from plot 

where straw yield/plot was pulled, then retted to 
calculated fiber yield/plot after that it 
transformed per fad.   

B-Seed yield and its components:- 
- Fruiting zone length (cm) by measuring the 

distance between the lower branch to the top of 
plant.         

- Capsules number / plant. 
- 1000- seed weight (g).was determined and an 

average of three random samples was 
recorded . 

- Seed yield / fad. (kg).Seed yield of the area of each 
plot was estimated and transformed to fad.(kg). 

-Oil yield /fad.(kg).Estimated by using the following 
formula: 

    Oil percentage × Seed yield/fad. (kg)/100    
- Harvest index, according to the following formula: 
  Harvest index = Seed yield /fad.(kg) / biological 

yield × 100. 
Where: biological yield= straw yield with 

capsules/fad.(ton). 
III- Chemical composition:- 

At 95 days after sowing (DAS) leaf samples 
were taken to determine the total chlorophyll content 
(in mg/g) fresh weight (F.W) by using a 
spectrophotometer according to Welburn and 
Lichtenthaler, (1984). Mature seeds were subjected 
to determine oil content, using Soxhlet apparatus, 
according to A.O.A.C. (2000) and oil yield /fad. (kg). 

Flax oil seed was subjected to determine 
saturated and unsaturated fatty acids percentages by 
using Gas Liquid Chromatographic (GLC), according 
to A.O.A.C. (2000). 

 
 
 

IV- Statistical analysis:- 
Data were statistically analyzed, according to 

Snedecor and Cochran (1989) and means were 
compared by least significant difference test (LSD) at 
0.05 level of significance. Bartlett test according to 
Bartlett, (1937) was done to test the homogeneity of 
error variance. The test was not significant for all 
assessed traits, so, the two seasons data were 
combined. The discussion of the results were carried 
out on the basis of combined analysis for the two 
seasons. 

RESULTS AND DISCUSSION 
l- Growth analysis and attributes:- 
A – Growth analysis: - 

Results in Table (2) indicated that all growth 
traits under study; i.e., dry matter accumulation 
(g)/m2 and leaf area (cm2/ plant) at 80 and 95 days 
after sowing (DAS) were significant as affected by 
the investigated treatments. Increasing fertilizer from 
25 up to 45kg N/fad., gradually, increased all growth 
traits under study. Mousa et al. (2010) reported that 
treated flax plants by 45 kg N/fad, increased all 
growth characters, compared to the control and 30 kg 
N/fad. The results, also, showed that the maximum 
values of such studied traits were scored from plant 
received 35 kg N/fad. and foliar sprayed with urea 
2(%)plus 200 ppm (Fe + Zn + Mn) followed by 
adding 45 kg N/fad.,with insignificant differences 
between such two treatments. This fending  may be 
referred to the role of urea and some of   
micronutrients mixture (Fe + Zn + Mn), as a foliar 
application  for reduceing soil dressing of nitrogen 
fertilizers by 10 kg N / fad, which reduced costs and 
environmental pollution. In this connection, 
Marschner (1995) stated that micronutrients, 
especially Fe and Zn acted either as metal 
components of various enzymes or as functional, 
structural, or regulatory cofactors. Thus, they were 
associated with saccharine metabolism, 
photosynthesis, nucleic acid, lipid metabolism and 
protein synthesis. He added that zinc was an essential 
micronutrient for synthesis of auxin, cell division and 
the maintenance of membrane structure and function. 
Zinc, also, plays an important role in the production 
of biomass. Nasiri et al. (2010) reported that Mn was 
regarded as an activator of many different enzymatic 
reactions and took part in photosynthesis.  
B- Growth attributes:-  

Table (2) for there shows crop growth rate 
(CGR) and net assimilation rate (NAR) at (80-90 
DAS) period. It was observed that there were 
significant differences in CGR and NAR values 
among the three nitrogen levels (25, 35 and 45 kg 
N/fad.) and their combination with foliar spray with 
2(%) urea and some of micronutrients  mixture (Fe 
+ Zn +Mn).  
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It was, also, noticed that CGR and NAR gradually 
values increased with increasing nitrogen level from 
25 up to 45 kg N/fad. Such finding could be 
attributed to the accumulation of dry matter or 
photosynthesiate compounds with increasing 
nitrogen fertilizer level Abdo, Fatma et al. (2002). 
In addition, the maximum values of CGR and NAR 
at (80-95 DAS), were obtained from plants treated 
with 35 kg N/fad and a foliar spray with 2% urea 
plus 200 ppm (Fe + Zn +Mn), followed by plants 
received 45 kg N/fad with  insignificant differences  
between such two treatments. Such finding may due 
to the positive effect of urea and micronutrients 
mixture (Fe+ Zn +Mn) as  a foliar spray. In this 
connection, Mohamed et  al. (2014) reported that 
micronutrients played a great role in plant growth as 
a result of affecting many physiological processes in 
plant life. With respects foliar spray of urea, Khan et 
al. (2009) found similar results. 
ll-Yield and its  components :- 
A - Straw yield and its components:- 

Table (3) shows that plant height(cm), technical 
length(cm) ,straw yield /fad.(t), fiber % and fiber 
yield /fad.(kg) were  significantly affected by 
nitrogen fertilizers levels and foliar spray with urea 
2(%) and 200 ppm  some of micronutrients mixture 
(Fe + Zn + Mn).  

Increasing nitrogen fertilizer level from 25 up 
to 45 kg N/fad significantly increased straw yield 
and its components traits. It can be noticed that 
applying 45 kg N/fad. increased plant height, 
technical length ,straw yield/fad., fiber % and fiber 
yield/fad. with 9.77, 9.82, 14.72, 12.19 and 
25.12(%) respectively. Mousa et al. (2010) stated 
that fertilizing flax plants with 45 kg N/fad. 
increased straw yield and technological characters 
compared to control and 30 kg N/fad.. They added 
that, nitrogen is an essential element for flax growth 
to build up protoplasm and protein which is 
important for cell division and meristematic activity, 
such effect resulted in an increase in cell number, 
cell size and plant growth.  

Results in Table(3) indicated that  the highest 
values of fiber (%) and fiber yield were gained from 
plants received 35 kg N/fad. and sprayed with urea 
2(%) plus 200 ppm (Fe + Zn + Mn), compared to 
adding 45 kg N/fad. with insignificant difference 
between such two treatments. In this respect Kadry 
(1981) found that the maximum  fiber yield/fad. was 
achieved by spraying flax plants with 300 ppm Zn 
under adding 45 kg N/fad. It can observed that  the 
effect between plants treated with 35 kg N/fad. and 
foliar spray  with urea 2(%)plus 200 ppm (Fe + Zn + 
Mn), compared to plants received 35 kg N/fad. plus 
foliar spray with urea 2(%) of  respect fiber (%) and 
fiber yield/fad. were insignificant. Meanwhile 
whereas, a significant effect was observed between 
such first treatment and adding 35 kg N/fad. plus 
foliar spray with 200 ppm (Fe + Zn + Mn). These 
results role in tryptophan synthesis which is a 

precursor of IAA which reflected on yield and its 
components. It can be noticed that treated flax 
plants by [35 kg N/fad+ foliar spray with urea 
2(%)plus 200 ppm (Fe + Zn + Mn)] increased straw 
yield and its components  compared with plants 
received 35 kg N/fad only. proved that foliar spray 
of urea plays on  important role more than 
micronutrients mixture in fiber formation. 
B-Seed yield and its components:- 

Results in Table(4) revealed that the  maximum 
values of fruiting zone length, capsules number/ 
plant, 1000-seed weight, seed yield/fad(kg), oil 
yield /fad.(kg) as well as harvest index(%) were 
obtained when flax plants treated with 35 kg N/fad. 
and foliar sprayed with  2(%) urea plus 200 ppm (Fe 
+ Zn + Mn) followed  by adding 45 kg N/fad. with 
significant differences between such two treatments. 
fruiting zone length, capsules number,1000-seed 
weight, seed yield, oil yield and harvest index more 
than adding 25 kg N/fad. by 1.05, 15.47, 15.46, 
22.87,30.05 and 7.56 (%) respectively. Soethe et al. 
(2013) reported that nitrogen level influenced 
capsules number / plant, 1000-seed weight and seed 
yield / ha of flax plant Such finding proved that the 
micronutrients mixture (Fe +Zn +Mn) and urea as 
foliar application reduce nitrogen fertilizers which 
reduce costs and environmental pollution. These 
results could be explained on the basis that 
micronutrients must be presented during the 
vegetative stage to get the normal growth. Where, 
Mn regulates the oxidation  reduction system of  Fe. 
Also, Zn played an important role than 
micronutrients mixture in seed formation. 
lll-Chemical composition:- 
A-Total chlorophyll of leaves: 

Results in Table (5) indicated that the total 
chlorophyll of leaves,at 95 DAS, was  significantly 
increased with increasing nitrogen rates from 25 up 
to 45 kg N/fad.  In this respect, Ibrahim et al. 
(2016), on flax plant, reported that the increase of 
chlorophyll formation, with increasing nitrogen 
levels, might be due to the role of mineral nitrogen. 
The maximum value of total chlorophyll of leaves at 
95 DAS, was gained, when plants treated with 35 kg 
N/fad. and urea 2(%)plus 200 ppm (Fe + Zn + Mn), 
followed by plants treated with 45 kg N/fad, with 
insignificant differences between such two 
treatments. These results may be attributed to the 
role some of micronutrients mixture (Fe + Zn + Mn) 
and urea, as a foliar application. In this regard, 
Nasiri  et  al. (2010) reported that, micronutrients, 
especially Fe and Zn were associated with 
saccharide metabolism, photosynthesis and 
chlorophyll formation. 
B-Oil percentage:-  

Table (5) shows that oil percentage was 
significantly increased with raising nitrogen rates 
from 25 up to 45 kg N/fad., gradually.  
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Mousa et al (2010) found that adding 45 kg N/fad 
significantly increased oil percentage compared to 
control or 30 kg N/fad. The maximum values of oil 
(%) (36.74%) of flax seeds were gained when plants 
received 35 kg N/fad and urea 2(%) plus 200 ppm 
(Fe + Zn + Mn), with insignificant differences 
between such treatment and adding 45 kg N/fad. 
Such finding could be attributed  to the role  some 
of micronutrients mixture (Fe + Zn + Mn) in oil 
percentage formation. In this respect, Bakry  et al. 
(2012) reported that foliar spray of Zn, Mn or Fe 
and combined application of (Fe + Zn + Mn), on 
flax plants obtained a  positive effect on oil 
percentage of flax seeds, with superiority to Zn over 
the other micronutrients. It can be observed that oil 
percentage recorded a significant increase when 
plants treated with [35 kg N/fad and foliar spray 
with 2(%) urea plus 200 ppm (Fe + Zn + Mn)], 
compared to plants received [35 kg N/fad and foliar 
spray by 200 ppm (Fe + Zn + Mn)] or [35 kg N/fad], 
whereas, insignificant differences were  observed 
between the province first treatment and adding [35 
kg N/fad + spray with urea (2%)]. Such results may 
due to the role of micronutrients, which affected 
positively oil percentage formation more than foliar 
spray of urea. Similar results were obtained by 
Mousa et al. (2010). 
C- Total saturated and unsaturated fatty acids:  

Table (5),also, shows that total saturated fatty 
acids of flax oil were gradually increased with 
raising nitrogen fertilizer rate from 25 up to 45 kg 
N/fad., whereas the  total unsaturated fatty acids 
were decreased. Such finding, consequently, leads 
to a decrease of unsaturated / saturated fatty acids 
ratio with increasing nitrogen fertilizer rate. In this 
connection Grant et al. (2016) reported that seed 
quality for flax oil tended to decline with increasing 
N application due to lower iodine number which 
revel the increase of saturated fatty acids was in 
account of unsaturated fatty acids.  

It can be noticed that the minimum value of 
unsaturated fatty acids (86.93%),were obtained from 
plants received 35 kg N/fad .+ spray 200 ppm Fe + 
Zn + Mn) followed by adding 35 kg N/fad and  a 
foliar spray with urea 2(%)plus 200 ppm (Fe + Zn + 
Mn), (86.99%). On the other hand, the maximum 
value of saturated fatty acids (13.8%) were gained 
from plants treated with 35 kg N/fad. + spray 200 
ppm (Fe + Zn + Mn), followed by plants received 35 
kg N/fad. and foliar spray with urea 2(%)plus 200 
ppm (Fe + Zn + Mn), (13.02%). The same  trend of  
total unsaturated fatty(acids  were observed, with 
respect to the unsaturated/saturated acids ratio, which 
recorded 6.65 and 6.69, respectively. Such results 
improved that micronutrients mixture played an 
important role for increasing total saturated fatty 
acids and decreased total unsaturated fatty acids, 
whereas, urea gave the reverse effect. 

 

CONCLUSIONS 
In the light of the present results, the maximum 

values of straw, seed, fiber and oil yields were 
obtained from treated flax plants with 35 kg N/fad. 
and a foliar spray with urea 2(%)plus 200 ppm (Fe + 
Zn + Mn), with insignificant differences compared to 
adding 45 kg N/fad. So, a foliar spray of 200 ppm 
micronutrients mixture (Fe + Zn + Mn) and urea 
2(%) reduced soil dressing of nitrogen fertilizers 
from 45 to 35 kg N/fad., which reduced costs and 
environmental pollution. 
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