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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)/m?
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 (FetZn+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 kgN/fad. 2-35kgN/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 m? (3m x
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 P,Os/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
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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)/m’, leaf area / plant (cm?), crop growth rate
(CGR), in (g/ m? /week) and net assimilation rate
(NAR), in (g/m* /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
105°C 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 = (W, - W)/ (t, —t;) in (g/ m* / week).
NAR = (W, - W) (log. A, —log. A}) / (A2 — A)) (t;

— 1)) in (¢/m*/week).

Where:- (A, — A;) = Differences in leaf area

between two successive samples in m”.
(W,—W,) = Differences in dry matter accumulation

of whole plants between two successive

samples in (g).

(tb—t;) = Number of days between two successive
samples (in weeks).
Log. = Natural logarithm.

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

Soil analysis 2016/2017 2017/2018
Mechanical analysis:

Clay (%). 42.6 40.9
Silt (%). 31.2 32.1
Sand (%). 26.2 27.0
Texture class clay Clay
Chemical analysis:

pH. 8.19 8.22
EC (ds/m). 1.83 2.30
Organic matter (%). 1.40 1.50
Ca++ (meq. L. 4.80 4.43
Mg ++ (meq. L. 5.01 5.12
K+ (meq. L™). 470 4.68
Available K (mg kg™). 350 363
Available P (mg kg™). 13 16.5
Total nitrogen (mg kg™). 450 560
Available Zn (mg kg ™). 0.71 0.93
Available Fe (mg kg™). 498 6.12
Available Mn (mg kg™). 2.29 3.60
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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).

-0il yield /fad.(kg).Estimated by using the following
formula:

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

yield x 100.
Where:  biological

capsules/fad.(ton).

ITII- 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).

yield= straw yield with
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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

I- Growth analysis and attributes:-
A — Growth analysis: -

Results in Table (2) indicated that all growth
traits under study; i.e., dry matter accumulation
(g)/m? and leaf area (cm?/ 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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Table 2: Growth analysis and attributes of flax, as affected by different levels of nitrogen fertilizer and foliar spray by urea plus of some micronutrients mixture in

2016/2017 and 2017/2018 (combined.data),

Dry matter ion / m? (g) Leaf arca / plant (cm?) CGR (g/m*week) NAR (g/m*week)
Treatments (80 DAS) (95 DAS) (80 DAS) (95 DAS) (80— 95 DAS) (80 — 95 DAS)
* 2016/17 2017/18 2016/17 2017/18 2016/17 2017718 2016/17 2017/18 2016/17 2017/18 2016/17 2017/18
Comb. Comb. Comb. Comb. Comb. Comb.

25 ko N/fad 10200 10278 10239 15309 15465 15387 1028 1062 1045 1377 1407 1392 2387 2424 2406 640
35 ke N/fad 10830 10941 108.87  162.75 16449 163.62 1141 117.7 1159 1536 157.6 1556 2444 2574 2558 678
15 ke N/fad 1129211388 11340 16941 17085 17013 __1198 1238 1218 1605 1639 1622 2610 2662 2651 708
25 kg N/fad. + spray urcz
20y acd TSPray ure® 10821 10923 10872 162.39 163.95 16317 1148 1186 1167 1544 1584 1564 2532 2557 2544  67.9
25 kg N/fad + spray (F
_Nh_wvecw spray(Fe 10743 10872 108.09 16119 16260 16191 1133 117.1 1152 1516 154.6 1531 2512 2518 2515 673 675 674
25 kg N/ffad + spray urea R -

& ¥ 10977 11088 11034 16449 16599 16524 1156 1194 1175 1558 1582 157.0 2557 2575 2565 688 694 69.1
2(%) + (Fe + Zn+Mn)* > ° > > 6 °
35 kg N/fad. + spray urea N ] _ . N N , N - N -
%) 112,38 113,16 11277 168.63 169.80 16923 1200 1240 1220  160.8 164.6 1627 2629 2647 26.38 704 70.8 706

5k fad. + spray (Fe +

anmaﬂum d-Fspray (Fet 1y 95 11220 112.08 167.58 168.60  168.09 1182 1226 1206 1589 162.3 160.6 2610 2631 2617 700 704 702
35 ke Nffad & sprayurea 1361 11460 11415 16749 172.14 17133 121.9 1257 1238 1633 1669 165.1 2518 2685 2672 712 720 716

2(%) + (Te + Zn+Mn)*

L.S.D.(0.05) 2.25 2.34 1.59 3.36 3.45 2.37 9.8 104 7.07 132 13.6 94 0.84 0.96 0.63 2.3 2.5 1.7

Vol. 63, No. 4, pp. 251-261, 2018

* (Fe+ Zn + Mn) = Spraying micronutrients mixturc, 200 ppm for cach clement.
(DAS) = days after sowing
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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.

II-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
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precursor of TAA 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.
llI-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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Table 3: Straw yicld and its components of flax, as affected by different Ievels of nitrogen fertilizer and foliar spray by urca plus of some micronutrients mixture in
2016/2017 and 20172018 seasons ( combined data).

Plant height (cm) Technical length (cm) Straw yield /fad.(ton) Fiber (%) Fiber yield/fad. (kg)

Treatments 2016/17 2017/18 2016/17 2017718 2016/17 2017/18 2016/17 2017/18 2016/17 2017/18
Comb. Comb. Comb. Comb. Comb.

25 kg N/fad. 98.7 1007 99.7 86.3 88.1 872 3508 3.523 19.05 19.13 1909 6740 __G671.1__G/2.5
35 kg N/fad. 1047 1069 1058 916 936 926 3894 3862 3878 2078 20.88 2083 8092 8064 8078
45 kg N/fad. 1093 11 110.5 95.6 978 967 4.148 4 4131 _21.68 21.80 21.74 8993 896.9 898.1
25 kg N/fad.+ spray urea 2(% ) 1048 1068 1058 917 935 026 3.684 3653 3669 2070 2078 2074 7626 7591 7608
25 kg N/fad. + spray (Fe +Zn+Mm)* ___103.8__ 1050 1044 90.7 91.9 913 3.577 3547 3562 20.65 2071 2068 7386 734.6 7366
25 ke Nifad. + spray urea 206y + (Fe 15 57 1081 106.0 2.4 946 935 3748 3717 3733 2080 20.90 2085 7796 7769 7783
+ Zn+Mn)*
35 ke N/fad. + spray urca 2(%) 1097 1111 1104 96.0 972 96 4090 40564073 2198 2208 2203 8990 895G 8973
35 ke N/fad. + spray (Fo + Zno+t Mn)* _ 108.1_109.5 1088 945 95.9 952 3971 3039 3955 21.85 21.95 2190 8677 8646 866.1
WMHWW\HM_ reprayurea 0t e 50 1133 q12.1 97.0 992 981 4187 4152 4170 22.00 2210 2205 9211 9176 9194
1.S.D. (0.05) 32 34 23 28 2.9 2.0 0.183 0172 0.124 135 145 0.90 750 733 5191

* (Fe+ Zn + Mn) = Spraying micronutrients mixturc, 200 ppm for cach clement.
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Table 4: Sced yield and its components of flax as affected by different levels of nitrogen fertilizer and foliar spray by urca plus of some micronutrients mixture in

2016/2017 and 2017/2018 seasons (combined data).

Fruiting zone length (cm)

Capsules number / plant

1000-seed weight ()

Seed yield /fad (kg)

Oil yield /fad (kg)

Harvest index (%)

Treatments 2016/17 2017/18 2016/17 2017/18 2016/17 2017/18 2016/17 2017/18 2016/17 2017/18 2016/17 2017/18
Comb. Comb. Comb. Comb. Comb. Comb.
25 kg N/fad. 1238 1258 1248 725 707 7.6 7768 7746 7757 5119 5025 5072 1703 167.6_169.0 _ 12.64 12.53 12.59
35 kg N/fad. 13.13 1335 13.24 708 778 7.88 8.551 8521 8536 5882 5742 5812 2060 2014 203.7  13.12 12.94 13.03
45 kg N/fad. 13.71 1395 _ 13.83 850 828 839 9108 9.072 9.090 484 6356 642.0 2358 2317 2338  13.52 13.38 13.45
5 kg N/fad. + spray ures
M:\rw Nffad +sprayurea 50 q334 1322 755 737 746 8090 8064 8077 5503 5401 5452 1942 191.0 1926  13.00 12.88 12.94
o
25 ke Nifad. + spray (F'e 13.05 1313 13.09 733 715 724 7.855 7.831 7.843  527.5 5185 5230 1857 182.9 1843 12.85 1275 12.80
+Zn+Mn)*
25 kg N/fad. + spray urea - - - <
= 2 2 2 Q 3. 3 : . g 3
P 1326 1350 13.38 768 748 758 8230 8202 8216  587.9 5795 5837  208.6 2061 2074  13.56 1349 13.53
T T T—
wwrmz\aa. SPrAYUIGA 1368 1388 1378 838 816 827 8.980 8946 8.963 6487 6347 6417 2371 2327 2349  13.69 13.53 13.61
o
3 ad. + spray (Fe +
MMHWM\H:_ sray (fet 4355 1363 1359 813 793 803 8712 %680 8696 6221 609.7 6159 2261 221.0 2236 1354 1340 1347
35 kg N/fad. + spray urea - ; . _ _ 55 5 - - _
: 7 2422 241. ; 3.62 13 3.
G )2 (e S N 13.91  14.15 14.03 858 836 847 9194 9158 9.176 6604 6548 G57.6 2422 241.0 2416  13.62 13.62 13.62
L.S.D. (0.05) 0.64 0.67 048 052 048 035 0.420 0400 0290 203 283 20.1 258 239 174 041 040 028

* (Fe+ Zn+Mn) = Spraying micronutrients mixture, 200 ppm for each element
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Table 5: chemical composition and its components of flax, as affected by different levels of nitrogen fertilizer and foliar spray by urca plus of some micronutrients

mixture in 2016/2017 and 2017/2018 seasons(combined data).

Total chlorophyll of leaves

Oil (%)

Total Saturated acids

Total unsaturated acids

Unsaturated / saturated

T ¢ (mg/g F.W.) at 95 DAS (%) (%) acids ratio
reatments 2016/17 2017/18 2016/17 2017/18 2016/17 2017/18 2016/17 2017/18 2016/17 2017/18
Comb. Comb Mean Mean Mean
35 kg N/fad. 3253 3275 3.264 33.07 3335 33.31 10.07 1044 __10.26 $0.93 89568975 8§03 858 8.76
35 kg N/fad 3.455 3481 3468 35.02 3508 3505 1030 1068 1049 89708932 8951 871 836 %54
45 kg N/fad. 3.602 3.630 3.616 36.36_ 3646 3641 1118 1160 11.39 88.82 8340 88.61 7.94 762 7.7%
25 kg N/fad. + spray urca 2(%) 3460 3.484 3472 3529 3537 35.33 12.55 1293 12.74 87.45 87.07 $87.26 6.97 6.73 6.85
25 kg N/tad. + spray (Fe +Zn+Mn)* 3445 3463 3454 3520 3528 3524 1261 12.98 12.80 87.39 87.02 8721 6.93 670 682
= — )
Www_m_zu\mi. + spray urea 2(Yoyt (Fe + 3.480 3.516 3.498 3549 3557 3553 12.69 13.08 12.89 87.31 86.92 87.12 6.88 6.65 677
35 kg N/fad, + spray urea (2%) 3.593 3.615_3.604 36.55__36.65__36.60 1275 _13.14_12.95 §7.25__86.86__87.06 684 661 _6.73
35 kg N/fad. 1+ spray (e  ZnitMm* 3.582 3.602  3.592 36.34 3642 36.38 12.85 15.30_ 13.08 §7.15_86.70__86.93 6.78 6.52__6.65
o 3 s s urcs 0, e
WWJ%\_W\W&. +spray urca. 2(%6)+ (Feir 3.612 3.638 3.625 36.68 36.80 36.74 12.82 1321 13.02 87.18  86.79 86.99 6.80 6.57 6.69
LSD.(0.05) 0.058 0.062__0.043 088 0095 064 - = = = < = = - =

(Fe+Zn+Mn)*=Spraying micronutrients mixture. 200 ppm for each clements.

(F. w) =fresh weight
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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.
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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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