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ABSTRACT

Pot experiments were conducted in 2000-2001 and 2001-2002 seasons in
the wirshouse of the Central Laboratory for Food and Feed, Agriculture Research
Center, Giza, Egypt to study the tolerance of flax piant to different levels of salinity (0,
2000, 4000 and 6000 ppm} as 2 NaCl : 2 CaCly : 1 MgSOQq. In addition to study the
effect of different treatments: phosphorein 10 g/kg seed (biofestilizer) with full or half
dose of P,0s. cotngein (15 g/kg seed) and foliafeed C (0.7 g/l). (micronutrients
fertilizer compounds), GA; (at the rate of 100 ppm), on reducing the hazard effects of
salinity on growth, seed yield and chemical composition of flax plant. The obtained
results indicated that, increasing salinity levels lead to decreases in most of the
studied characters {shaot height, dry weights of roots, stems, ieaves as well as whole
plant, number of capsulesiplant, number of seeds/ capsule, number of seeds/plant
and seed yield/plant as well as chlorophyit a, b and total, oil percentage and
unsalurated fatty acid). While leaves number and total leaves arealplant increased
significantly with salinity levels of soil from zero - 4000 ppm and decreased afterthere.
On the other hand, the application of phosphorein with full dose of P05 surpassed
phosphorein with half dose of P20s on growth, seed yield and chemical compasition
under saline or non-saline sail condition. Moreover, cotngein seed coated surpassed
foliafeed G foliar application on the most of the studied growth and seed vyield
characters as well as chemical composition under saline or nan-saline stress.
Furthermorse, GAs at the rate of 100 ppm may correct, to extent, the negative effect of
salinity on growth, yield or chemical composition.

INTRODUCTION

Flax crop {(Linum usitalissimum L.) is considered as the second
fibre crop after cotton in the world, it is grown in Egypt &s a dual purpose
{(seed for oil and stem for fibre). Recently many researches confirmed that
nutrition on oil of flax has a lot of benefits for human health like heart
diseases, cancer, arthritis, inflammatory diseases and diabetes. This positive
effects are due to the omega-3-fatty acids (alpha linclenic acid). Linseed il is
rich in omega-3-fatty acids known to influence blood platelet aggregation,
lower biood cholesterol concentration and prevent corcnary heart disease
{Kolodzigjczyk et al, 1995). Linseed oil also contains exceptionally high
amounts of lignin precursors, which are antitumorigenic agents. A food
supplemant, Bioflax. 1s a product based on defatted flax flour and is an
excellent natural additive for improving the texture of bakery products
(Kolodziejczyk et al, 1995). Moreover, linseed oil is one of the oldest
commercial oils and has been used as a drying oil and still one of the most
important oils used in the paint and varnish industry.



Ahmed, H, H. A. ot al.

Some soil microorganisms could improve P-uptake by different field
crops. It was found that, plants infected with phosphorus dissolving bacteria
take up more P from low phosphate soil and produce more dry matter than
non-infected plants (Sobh et al., 2000). Furthermore, micronutrients are
considered one of the important factors for plant nutrition to protect flax plant
against adverse environmental conditions (El-Gazzar and Ei-Kady, 2000}. in
addition, plant growth promoting substances such as GAy has been known 1o
play an important role to increase flax yield and its components (Ghoniem,
2004) as well as to support the plants against salinity stress (Aidesuquy and
(brahim, 2002).

Thus, the aim of this present study was under taken {o investigate
the effect of biofertilizer (phosphorein), micronutrients {(cotngein and foliafeed
C) and gibberellin (GA,) on the productivity of flax plant grown under saline
50il conditions.

MATERIALS AND METHODS

Pot experiments were carried out in the wirehouse of the Central
Laboratory for Food and Feed, Agriculture Research Center, Giza, Egypt
during the two successive seasons 2000-2001 and 2001-2002,

Plastic pots of 25 cm in diameter were used in this experiment. The
pots were filled with 7 kg soil obtained from the Agricultural Research Center
Station in Giza. The mechanical and chemical analyses of the soil under
investigation are given in Table (1).

Table {1): Some mechanical and chemical properties of the soil under

study, .

[ Property Value Property Value
Clay% 376 EC (ds/m) 1.5 0.54 |
Sit% 280 Camegh 32
Sand% 34.4 Mg meaf 2.0
Texture class Clay loam | Na megh 2.0
Toatal soluble salts% .07 K meq/l 1.0
Organic matter% 0.31 HCOq meg/! 1.2
Calcium carbonate% 2.30 504 megh 4.5
gH , 1.7 Cl meg/l 4.3

Mechanical analysis of the soil samples were performed according to
the method of Black (1982). Organic matter, caicium carbonate, pH, total
soluble salts, EC, Ca, Mg, Na, K, HCO; SC, and Cl were determined
according to Cottenie et al. (1982). :

Seeds of flax “Linum usitatissimum L." Sakha 1 variety were sown an
the 13" November 2000 in the first season and 18" November 2001 in the
second one (0.8 gram of seeds for each pot).

Fertilization was carried out according to recommendation of Ministry
of Agriculture (70 kg Nifed., 100 kg P,Og/fed. And 50 kg K,Oifed ), each of
pot received 2.2 g calcium superphosphate (15.5% P,QOs) and 0.7 g
potassium sulphate (48% K;O) before planting and 3.0 g ammonium nitrate
{33.5% N). Half of the nitrogen fertilizer was added before sowing and the
second half after 21 days later.
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Soil was subjected to four salinity levels (0, 2000, 4000, 6000 ppm)
which were obtained by adding a mixture of calcium chioride, sodium chloride
and magnesium sulphate at the ratio of 2:2:1 by weight respectively. For each
salinity level the pots were separated into six groups, the first group received
the normal level of fertilizers as mentioned before but without any sail
addition or foliar application. The second group received the normal level of
fertilizers similar to first group but the seeds were coated or treated with the
biofertilizer (phosphorein) at the rate of (10 g phosphorein/kg seed). The third
group were similar to the second group but with half dose of P05 (1.1 g)
fertitizers. The fourth group received the normal level of fertilizers but the
seeds were coated with cotngein (seeds coat contains 2% Fe, 2% Mn and
1% Zn micronutrients) at the rate of 15 g/kg seeds. The fifth group of pots
received normal level of fertilizers and the growing plants were sprayed with
GA, at the rate of (100 ppm), spraying was applied twice with thirty days
intervals starting after 35days of planting. The sixth group of pots were also
received normal level of fertilizers and the plants sprayed with the
micronutrients fertilizer foliafeed C which used at the rate of 0.7 g/l (6% Fe,
4% Zn, 4% Mn and0.5% Cu in the chelated form on EDTA as well as 0.5% B,
0.5% Mg and 0.02% Mo in inorganic forms). Spraying was carried out twice
at the same time of GA, foliar applications.

Two samples from each treatment were coliected after 80 and 80
days from planting and the following growth characters were estimated:

1.Stem height (cm).

2.Number of ieaves/plant

3.Leaf area/plant (cm?).

4 Dry weight (g) of leaves, stems and roois as well as whole plant.

For chlorophylls determination (a, b and total), fresh leaves were
extracted with dimethyl formamide solvent as described by Nornai (1982).

At maturity after 150 days from sowing (D.A.S) the flax plants were
harvested and the foliowing characters were determined;

1-Number of capsules/plant. 3- Number of seeds/plant

2-Number of seeds/capsule. 4- Seed yieldiplant {g). :

5- Oi percentage was determined according to the method described by
Heorwitz ef al. (1865) using Soxhelt apparatus.

8-  Saturated, unsaturated and total fatty acids were determined in the
linseed oit by using methyl esters boron trifluoride method (A.O.A.C.,
2000). The oil is saponified with sadium hydroxide in methanol. The fatty
acids are methylised with beron fluoride in methanol, extracted with

- heptane and determined on-a gas chromatograph with FID detector (PE
Auto System XL) with Auto sampler and Ezchrom integration system.
Carrier gas {He}): ca. 25 psi-Air 450 m¥{min - Hydrogen 45 mi/min — split
100 mifmin. Oven temperature 200°C injector and detector 250°C.

The data were statistically analyzed by using factorial experiments
and means of different treatments were compared using the least significant
difference test (L.5.D.) at 5% level of probabiity to indicate treatment
differences, salinity level was the main factor, different treatments were in the
sub-factor. The analysis of varniance of the experimental design was done
according to the method described by Sendecor and Cochran (1980).
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RESULTS AND DISCUSSION

1- Growth and seed yield characters

It is clear from the result that there was significantly and gradually
decreases in most of the studied growth characters (plant height, dry weights
of roots, stem, leaves and the whole plant) in the two successive samples as
well as seed yield components (number of capsules/plant, number of
seeds/capsule, number of seeds/plant and seed yield/plant) by increasing
salinity level. However, leaf number/plant and total leaf area/plant were
increased significantly with increasing salinity levels from (zero-4000 ppm)
and decreased afterthere. These results are in agreement with those reported
by Beke and Graham (1995) and Rawya (2001) on flax plants.

In this respect, the reduction in plant growth of the plants subjected to
salinity stress could be attributed to the disturbance in metabolic activities
which affected by the decrease in water absorption andfor disturbance of
mineral balance or utilization. These results are consistent with the fact that
salinity induces accumulation of certain ions and deficiency of others and in
the same time lowers the external water potential below that of the cell (Abd-
El-Karim, 1996).

On the other hand, Gaballah and Abou Leilah (2000) working on flax,
mentioned that there was a significant increase in dry weights of shoots and
rools by increasing salinity up to 3000 ppm, this may be due to the special
affinity of oil producing plants to tolerate salinity conditions which could be
coordinated with oil biosynthesis. In this respect, Abo-El-Saod et al (1975)
found that, flax plants were able to survive and make good growth over a
rather wide range of salinity. Kheir et al. (1981a) reported that, the increase in
plant growth due to low and moderate salinity concentrations could be
attributed to the increase in transpiration and photosynthesis in oil producing
plants. : :

Concerning the effect of phosphorein, the data reveal that, there is a
significant increase on seed yield and its components and most of the studied
growth characters by using phosphorein combined with half or full
recommended dose of P,0s fertilizer in both the 1™ and 2™ samples of the
first and second seasons. as compared with control non-inoculated plants,
with some exceptions in the 8 sample of the 1* season of shoot height, and
dry weight of roots as well as dry weight of leaves in the 2™ sample-of the 1*
season and leaf area/plant in the 2™ sample of the 2™ season. Also, the data
reveal that, the increase in growth characters due to inoculation with
phosphorein + full dose of P;Os mineral fertilizer were more pronounced
when compared with those inoculated and supplied with half dose of P,Cs.
The same trend was obtained in the 1% and 2™ samples of the two
successive seasons. The obtained results are in harmony with those reported
by Thingstrup et al. (1998) and El-Gazzar (2000) on flax plants.

These results may be attributed to the fact that biofertilizer
phosphorien contained phosphate solubilizing bacteria and this is play a
fundamental role in correcting the solubility problem of phosphate in the soil
by converting the fixed form to soluble form ready for plant nutrition {Abd Ei-
Lateef ef af., 1998 and Fatma, 2003). The enhancing effect of phosphorein as
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3 biofertilizer on growth and seed yield characters might be attnbuted to
many factors such as: a) its ability to release plant promoting substances,
mainly |AA, gibberelic and cytokinin like substances which might be
stimulated plant growth and yield (Saber et al., 1998), b) synthesis of some
vitamins e.g. By, (Sobh ef al, 2000), c) increasing the water and mineral
uptake from the soil (El-Agrodi et al, 2003), this could be ascribed to
increase in root surface area, root hairs and root elongation as affected by
biofertilizer as mentioned by Hanafy Ahmed et al. (1997), and d) enhancing
the production of biologicat active fungistatical substances which may change
the microflora in the rhizosphere and affect the balance between harmful and
beneficial organisms (Apte and Shende, 1981). Similar suggestions were .
reported by Hanafy Ahmed ef al. {1997) and Hanafy Ahmed et al (2002
).Furthermore, it can be suggested that, this increase might be mainly
attributed to the phosphorus effect as an important element for cell division
activity leading to the increase of plant height and dry weight of plant and
consequently seed yield. This led to increase the plant growth, P-uptake and
microbial population in crops rhizosphere and cansequently yield.

Concerning the interaction between salinity stress and bicfertilizer
phosphorein combined with half or full recommended dose of P,O5; mineral
fertilizer on growth and seed yield characters, it is clear from results in Tables
(2,3 and 4) that, there was pronounced significant increases on most of
studied growth and seed yield characters in the 1% and 2™ seasons with
using phosphorein. The present results are in agreement with those reported
by EI-Shimy et al. {2001), Madlain et al. {2002) and El-Sweify et al. (2003).In
this respect, it can be suggested that ,the enhancing effect of phosphorein on
increasing growth, seed yield and its components in plant grown under saline
or non saline seil condition may be induced due to the rale played by
phosphorein biofertilizer to reducing soil pH valug which increase as a result
of salinity soil addition due to secreting some inorganic acids such as acetic,
propionic, fumaric and succinic, which brought about the dissolution of
nutrients bound to organic materials or fixed them in soil on unsoluble forms
and consequently tender them available for growing plants (El-Fadaly et al |
2003). Moreover, Saber and Kabesh (1990} found that, the application of
some biofertilizers such as phosphate dissolving bacteria and microbein
resulted in a réduction of soil pH which increased the soiubiiity of some
nutrients such as P, -Fe, Zn. Mn and Cu which in turn increased nutrient
uptake by plants.

Concerning the effect of micronutrients on growth and yield
characters, the data reveal that there Is a significant increase on most of the
studied growth and seed yield characters by using colngein or foliafeed C
micronutrients fertilizers in both samples of the two successive seasons
(2000-2001 and 2001-2002).

Cotngein as a micronutrient fertilizer coated seeds compound
surpassed foitafeed C as a foliar micronutrients fertilizer in most of the
studied growth and seed vyieid characters especially in the 2" season. The
obtained results are in agreement with those obtained by Grant and Bailey
(1997} and Hussien {2002) on flax plant.
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Table {4): Number of capsules / plant, number of seed / capsule, number
of seed / plant and oil percentage of flax as affected by
different levels of salinity (0,2000,4000 and 6000 ppm) as well
as phosphorein, cotngein, GA; and Foliafeed C during 2000-
2001 and 2001 - 2002 seasons

. Saasons 2000-2001 2001 - 2002
g Salinity levels Eean L;ean
g § tppm) Contro| 2000{4000{6000 (B) {conto!| 200014000 6000 B)
> g |Treatment
= _ |Conlrol 14.27 113.71] 7.33| 6.08110.35] 10.90 | 5.70] 4.60| 2.79 6.0C]
€ [Phosphorein+P,0s 14.60 [10.23 9.94 | 7.57 | 10.58) 12.60 1 .50 5.50| 4.50) 7.28
2 (Phosphorein +0.5P, 05 | 13.67 [10.11]7.7916.03] 9.40] 10.60 | 5.00| 4.30{ 4.30 6.05
= {Cotngein 21.90 110.67]9.69] 7.15[12.35f 12.70 | 7.50]7.30{ 3.30{ 7.70
E & {6 Ay{0.1g/) 15.67 [13.487.2114.33{10.47] 11.60 | 5.8716.10]3.80{6.84
E§ Foliafeed C (0.7g /) 17.35 117.25/8.35]| 4.63]11.50] 11.10 1 4.90] 4.10} 3.40|5.88
2 & (Mean (A) 16.24 [12.58] 8.39[5.97 11.58 |5.91] 5.32{3.68
LS Dats5% A=0859 B=0807 A'B=1615§]A=0773 B=0.946 A*8=1883
Contro! 6.50 [5.30]5.25[4.53[5.40] 6.67 [6.27]5.17]2.67|5.20
£ |Phosphorein +P;0s 6.62 16.4714.65/4.33|5.521 7.73 [569]5.20/4.2615.72
@ [Phosphorein+t0.5P; Os | 6.60 [5.1214.51[4.43[5.17] 7.90 [7.07]6.47 4.55|6.50
3 § [Cotngein 6.63 |5.50/5.33|5.22]567] 7.37 |6.33]|548(5.23]6.10
&~ [GA;(01g/) 6.13 15.13[4.83{4.17(5.07| 7.63 |6.93[5.32{4.30|86.05
‘§§ Foliafeed C (0.7g /1) 6.63 |5.45({5.27|4.375.43 7.80 15.73{5.39]/5.10| 6.01
[g g [Mean (A) 6.52 [5.50(4.97|4.51] 7.562 | 6.34]5.51]4.35
L.S. D.at5% A=0215 B=0263 A'B=0526A=0844 B=0789 A°B=NS
Control 92.8 [72.7[38.5[27.5[57.9] 727 [35.7[23.8] 7.4 [34.9
Phosphorein+P;0s 96.7 |66.2|46.2)32.8{60.50 97.4 {37.0]28.6]122]45.6
_. |Phosphorein +0.5P; 05 | 90.2 [51.8{35.1126.7{51.0] 837 [354]27.8{19.6/416
s & |Cotngein 1452 [58.7|51.6{37.3]73.2) 93.6 147.5140.0] 17.3[48.6
5B |G A 0.1/ 86.1 169.2{34.8]18.1154.6] 88.5 140.7{32.5]18.3{445
£ o |Foliateed C (0.7 ) 115.0 | 94.0144.0] 20.2| 68.3] 86.6 |28.1{22.1]17.3| 38.9]
| 38 Mean(A) 106.068.8]41.7[27.1 87.1 [37.47281]18.2
|29 S D at5% h=367 B=449 AB=800a=758 B=920 A'D=1858
[ Contro! 0.43010.2930.217[0.120 0.265} 0.233 [0.1130.110(0.030}0.122
‘ [Phospharein+P,0; 0.458 10.350[0.247)0.12d 0.296] 0.450 ]0.2170.217]0.1270.253
e [Phosphorein+0 5P, 0s | 0.404 {0.3230.2260.1270.270] 0.393 |0.1600.1230.1030.195
9 ICotngein 0.473 [0.3450.227]0.137 0.296] 0.300 |0.227]0.177]0.13010.209
‘% [GA¥(0.1g /1) 10.438 10.3530.22210.131] 0.288] 0.317 |0.2530.237]0.0530.218
> _ |Faliafeed C (0.7 g/1) | 0.461|0.347]0.234/0.128 0.293] 0.453 10.17710.1230.030{0.196
F £  |Mean (A) 0.444 (0.3350.2290.129 1 0.358 ]0.191]0.1650.079
A& ILSD A=0017 B=0021 A'B=NS[A=0044 B=0053 A'B=0107
\ |Control 38.3] 30.4 28.1 25.9 30.0/ 359[ 32.3 28.94 20. 291
| o (PhosphoreintP,Os | 37.4 344 313 30.0 333] 37.8] 34.4 30.9 20§ 30.9
' © [Phosphorein+0.5P,05 | 37.3| 341 30.6 29.1 32.8] 37.5] 34.1/ 30.0 207 306
T [Cotngein 38.4| 344 313 296 33.4 383] 34.4 288 20.2 304
l 8 [GA0.1g M [38.8] 354 314 300 3320 384| 34.8 31.0 224 317
! & IFoliafeed C(0.7g/1) | 37.1| 33.8 30.7 28.3 327 37.2] 33.4 30.5 214 307
= Mean (A) 376 33.7 306 289 | 37.5] 33.9] 29.9 20.9f
} © 150 | "A'=0695 B=0.851 A'B=N.S/A=0.867 B=1060 AB=NS

These results could be attributed to the important role of micronutrients in
plant growth as a result of affecting many physiological processes on plant
fife and/or increasing mineral uptake by flax plants. In this respect, it can be
suggested that, micronutrients supply probably increased the net assimilation
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rate by increasing the rate of photosynthesis per unit leaf area and/or further
by decreasing respiration rate (Mcorby and Besford, 1983). Furthermore, it
can be suggested that the influence of micranutrient on growth and seed yield
of flax plants rather relevant to the enzymatic systems responsible for the
biosynthesis of the plant hormones as well as through improvement of
nutritive status, which may lead to more branches and seeds,. Similar
suggestion and results were reported by Manafy Ahmed et al. {1996} on faba
bean. The significant increase in shoot height, number of leaves, leaf
arealpiant, and dry weights of roots, stems and leaves as well as whole plant
abtained by application of micronutrients (Zn, Mn and Cu} might be attributed
to the impoertant role of these elements in the biosynthesis and metabolism of
carbohydrates by activation of enzymes, catalyzing these processes.

Regarding the interaction between salinity and micronutrients, the
results in Tables (2,3 and 4) reveal that, there are positive significant
differences in growth characlers and seed yield/plant and its components by
using cotngein or foliafeed C micronutrients fertilizers under saline soil
cendition in the two samples and seasons. The higher increases in dry weight
of whole plant were 0.25 and 0.44 g due to applying cotngein as compared to
the mean valug of control cotrgein untreated treatments {0.148 and 0.276 g)
in the 1" and 2™ sample of the 2™ season with relative increases reached
68.9% and 59.4%, respectively.in this respect, Osman el al. (1990) working
on faba bean using Fe, Mn and Zn chelated by coating methed found that
such method was efficient for correcting the requirements and suitable
balance between such nutrients in alluvial slightly alkaline scil for growth,
nutrients uptake and high yield production.

Regarding the effect of GA, application, it is clear from the data that
there is a significant increase in most of the studied growth and seed yield
characters in the two samples dunng the two successive seasons by using
GA, foliar application at the rate of 100 ppm, with some exceptions. Similar
results were obtained by Dey and Lama (2000) and Ghoniem {2004) on flax
plant.

In this respect, Feihu et al. (2000) reported that, GA; can accelerate
the metabolism and transport of photosynthates, enhance root absarption
activity and plant growth as well as yield. Morsover, the increase in plant
growth and seed vield of filax in response to GA; treatment may be due to
highly increased levels of endogenous gibberellins and disappearance of
growth inhibitors (Zaky, 1985). Morecover, Bhattachiee et al. (2000) reported
that the stimulating effect of GA; in increased fruit setting and their
subsequent growth and development accounted for promotion of seed yield
and its components the obiective was to facilitate translocation of maximum
arnount of the assimilates to the reproductive zone ta enhance flower bud
formation pod set and consequently the seed yield of Jute.

Concerning the interaction between salinity and GA; {100 ppm)
application, it s clear from the results that, there is a pronounced increase in
most of the studied growih characters and seed vyield with GA; application
when compared to control stressed-untreated plants. These increases were
significant in the dry weight of stems and whole plant, as well as shoot height
in the 2™ sample of the second season and seed yield and its component
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(number of capsules/plant and number of seed/plant) in the two seasons, and
shqot height in the 1% sample of the 2™ season. The interaction between
sal_mity stress and GA, application brought about a significant increase in dry
weight of whole plant with vaiue 0.398 g compared to control (stressed-
untreated plants) 0.276 g in the 2™ sample of the 2™ season {2001-2002)
with relative increase reached 44.2%. Similar results were obtained by
Gherroucha ef al. (2003) on wheat. in this respect, Sing and Singh (1980)
reported that, the growth regulaters, GA,, kinetin, or IAA significantly
mitigated the adverse effect of safinity. Moreaver, growth regulators reduced
the relative EC of ramie in comparison with the control. This reveals that the
reguiators can increase the cell membrane stability thereby increase the
stress resistance of ramie (Feihu &t al., 2000).

However, on seed yield/plant, the best treatment under 2000 ppm
salinity level were followed the order GA; > phosphorein + full dose of P,Qg>
foliafeed ¢ > cotngein and then the lowest increase was by phosphorein +
half dose of P,05 with relative increase 20.5, 19.5, 18.4, 17.7 then 10.2%,
respectively, when compared with control plants stressed only with 2000
salinity level in the 1* season.

2- Chemical compositions
2-1- Chlerophyii:

The data in Table (5} indicate that, there is a gradual significant
depression in chlorophyll a, b and total in the two samples by increasing
salinity levels. These findings are in full agreement with those obtained by
Singh and Singh {1991) on flax,. In this respect, it can be suggested that,
biosynthesis of chlorophylis in generaily might be inhibited by the depressive
effect of stress conditions on the absorption of some ions which are invoived
in the chloroplast formation, such as (Mg, Fe). This could be expected as a
reason for chiorophyll suppression in leaves and / or increase of growth
inhibitors, such as ethylene or abscisic acid production which enhances
senescence, which occurred under stress conditions (El-Bagoury et af,
1999) Furthermore, a decrease in the chiorophyll concentration under saline
conditions may be attributed to a salt-induced weakening of protein-pigment-
lipid complex (Strogonov et al, 1970) or increased chlorophyllase activity
{Stivesev ef al, 1873).

In this connection, it might be suggested that, growth reduction under
salt stressed conditions was probably due to its depressing effect on
chiorephyll formation, which subsequently might have decreased net
photosynthesis and growth, and subsequently decreased yield of flax plants.

Data presented in Table (8) indicate that, biofertilizer application
(phosphorein) combined with full dose of P,0s mineral fertilizer brought a
significant increment in chlorophyll a, b and total in the Jeaves of flax plant
grown under either non-saline or saline soil conditions. These results were in
agreement with the results obtained by Maiti ef al. {1988) on mung bean and
Rao and Rao (1993) on Vigna spp. These may be increase available
phosphorus to plant, these findings may prove the role of phosphorus in
stimulating chlorophyll synthesis through encourage pyridoxal phosphate
enzymes formation which play an important role in a- amino Levulinic acid
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synthetase as a primary compound in chlorophyli synthesis (Fatma, 2003).
On the other hand, significant decreases in the concentration of chlorophyll a,
b and total were recorded with using phosphorein combined with the half
dose of P,QO; fertilizer under both non-saline or saline soil conditions, with
some exceptions.

Tabie (5): Chlerophylls (a, b and tota!) concentration [ mg / g f.w] in the
leaves of flax plant as affected by different levels of salinity
(0,2000,4000 and 6000 ppm) as weli as phospherein ,cotngein,
GA; and follateed C of the two samples in the second season;

2001-2002.

- Plant age (days) 60 90
z é Salinity levels IM ] ]M
8 gan aan
a '2 (ppm) Controt} 2000 |4000 6600 (B) Control 2000 40006000 (B)

Treatment

Controf 4.21 11.9411.62]080;2.14] 3.00 |1.001086,0.78]1.41
@ [Phospharein+P0s 433 1382)2321083[284] 261 12.09,1.001082]1.63
5. iPhosphorein +0.5P, 04 3.81 [12.33[1380.7712.10] 2.8% [1.02]0.9310.72[1.32
H [Cotngein 573 |552128711.1613.82] 3.56 [3.4711.29]0.58|2.23
g G A; (01gfl) 507 [3.85]1.55]0.80[282] 277 [1.05,0.86]0.63[1.35
£ (Foliafeed C{0.7g /M) 1316 2.8812.08/0.7912.23| 381 )1.02]093)0.61]1.59
L [Mean (&) 4.39 13.39;1.97/0.87 306 {1.61]1,000.69

L.S.D ats5% A={0.056 B-008% A'B=0137 [A=0043 B=0.080 A"8=0120

Control 238 [231[201]1.03[11.831230 [1.96/1.01[041][1.42
o (Phosphorein +P,0, 287 |263[2460082]2.227284 [142/0.85[0.59(1.43
=, |Phasphorein +0.5P, 04 254 [198)1.92]088]1.78[1.85 [1111090]059]1.11
S [Colngein 291 |2541196(095[2.09 2.81 |1.4811.25]0.73|1.57
2 [GAs(01gh) 283 [185[1.651064/1.74]284 [1.25{1.06]0.55[1.41
-_g Foliafeed C (0.7g/M | 267 1212(1.72(1.02]1.881297 [12611.0310.54]1.45
O IMean (A) 2.70 [2.2411.95]0.87 2,60 j1.4111.01;0.57

LS. D ats5% A=0.050 B=0.061 A'B=0122 |A=0014 B=0018 A"B=0035
= (Contro 659 [425/36311.83/4.08[530 1296]167(1.18]2.83
2 |Phosphorein+P,0s 720 1645)478)1697503]545 [3517185]141]3.06
& [Phosphorein +0.5P,04 635 14.31133071.56/3.884.46 [213)1.83,131]2.43
& [Cotngein B64 [8.061483121115911637 1495]254]1.31|3.97
L G A (0.9g4) 790 15701320]1441456)561 [230[19611.18(2.78
% (Fofiafeed C(07gM 583 T500138011.817411[678 |2.26]1.96(1.15[3.04
‘9 Mean {A) 7.09 563,3.92]1.74 566 [3.02]/2.00}1.26

(LS D at5% A=0054 B=0087 A‘'B=0.131 | A=0.057 B=0.070 A'B=0.140

Data in Table (5) indicate that, there was significant increase in
chiorophyll @, b and total in the two successive samples by using cotngein as
a seed coating micronutrients compound or foliafeed C as a foliar application
micronutrients compound fertilizer under both non-saline or saline soil
conditions, with some exceptions. These increments may be due to the
important rale played by microelements in ¢hlorophylis formation. In this
respect, lbrahim et al (1995)working on broad bean mentioned that, the
increase in total chiorophyll caused by Zn freatments was mainly due to the
enhancing effect of Zn on chlorophyil b formation, while chiorophyli a
concentration remained aimost constant under the same treatment because
chiorophyli b may be derived directly from the oxidation of chi. a. Mishra and
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Singh (1996)revealed that the important role of micronutrients in the
metabolism may be due to the effect of manganese on enzyme system within
foliage as well as through zinc effect on RNA synthesis, moreover copper is
very important element in protein metabolism and may be associated with
chlorophyll formation. Generally, it can be suggested that, micronutrients
enhancing growth and seed yield of flax plant through its effect on chiorophy!!
formation and consequently on photosynthesis efficiency.

Regarding the effect of GA; on chiorophylls (a, b and total), it is
clear from the resuits in Table (5) that GA, at the rate of 100 ppm combined
with the different levels of salinity tended to decrease the mean values of
chiorophylls a, b and total concentration in the 2" sample, while a reverse
trend was recorded in chlorophyll a and total chlorophyll concentration in the
1* sample.

On the other hand, significant increases in chlorophyli a, b and total
were recorded by the plants treated with GA; alone in the two successive
samples when compared with GAj-untreated plants. The enhancement
effects of GA; application on chlorophyils concentration were in harmony with
the results obtained by Ei-Sweify (1989) on ftax. In this respect, El-Khateeb et
al. (1991) mentioned that, GA; increased the content of chiorophyll 3 and b.
This finding may be due to that GA, stimulated chloraphylls synthesis.

Concerning the interaction between GA; and salinity levels, the
results reveal that the highest level of salinity 6000 ppm significantly
decreased chlorophylis {(a, b and total). However, the lowest levels of salinity
(2000ppm) significantly increased chlorophyll a and total chlorophyil
concentration by about 98.4% and 34.1%, respectively when compared with
contral plant in the 1% sample. In this respect, Aldesuquy and Gaber (1993)
working on faba bean, reported that GA; at the rate of 100 mM alleviated the
inhibition of chiorophyll preduction in sea water irrigated plants, particularly of
high level (25%) on photosynthetic *“CO, fixation.

in this respect, it can be suggested that, in the present study, there
might be a relationship between GA; and chiorophyll biosynthesis; the
increase in chlorophyli concentration- with GA; application might be influence
on photosynthesis process efficiency which cause increase in growth and
consequently seed yield of flax plant.

2-2- Oil percentage:

As regard to the effect of salinity on oil percentage, it is clear from
the results in Table (4) that, there was significant decrease noticed with
increasing salinity levels. The highest levels of salinity (6000 ppm) brought
about the lowest values of oil percentage of flax seed. These resuits are in
agreement with those reported by Gaballeh and Abou-Leilzh (2000) and
Rawya (2001} on flax, they reached to one conclusion that the low seed oil
conient is associated with high uptake of Na" (or high ievel of salinity) by flax
plant. In this respect, in the 1 season, increasing salinity level (2000, 4000
and 86000 ppm) decreased the mean value of cil percentage by about
11.6.22.8 and 30.1%,respectively .when compared with the mean value of
conirol non-aaline plant.
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It is imporiant here to mention that, the reduction in oil percentage
due to salinity may be attributed to the inhibitor effect of salinity in the growth
through its effect on photosynthesis, transpiration and increase respiration. In
this respect, Nemet Alla (1986) reported that activities of the necessary
enzymes in glyoxylate cycle, particularly of isocitilase and malic synthetase
have heen found to increase in response to salinization and salinity appeared
to accelerate carbohydrates formation.

It is clear from the data in Table (4) that, there was a significant
increase in ail percentage by using phosphorein combined with the full or half
dose of P,;0s fertilizer in the two successive seasons. [n this respect ,under
nop-saline soil condition, these increases reach to about 3.0 and 5.3% by
using phasphorein combined with full dose of P,05 in the 1* and 2™ seasons,
respectively, when compared with control plants untreated with phasphorein.
Also, it could be naticed that oil percentage recorded by using phosphorein
cambined with full dose of p,0s surpassed that obtained by using phosphoresin
with half dose of p,0s by about 0.3 and 0.8% in 1™ and 2™ season,
respectively. The obtained data agreed with the findings of El-Gazzar and El-
Kady (2000) on flax.

Generally, it can be suggested that biofertilizer phosphorein
increased the solubility of phosphorous in soil and that may cause increase in
growth and yield and consequenily Jead to increase oil in seeds of flax
through the role played by phosphorus on the metabolic aclivities or
biosynthesis of oil. In this respect, Hopkins (1989) reported that, phosphorus
in the plant is found largely as phosphate esters-including the sugar
phosphates which plays an impontant role in photosynthesis and intermediary
metabolism.

As regard o the interaction between salinity and phosphorein
application, the results indicate that, no significant difference could be
detected by using phosphorein with fult or half dose of p,os mineral fertilizer
on oil percentage in the 1% and 2™ season. High values of ail percentage
were recorded under 4000 ppm salinity level by using phosphorein combined
with full dose of p,oc with reiative increase 9.6% when compared with
corrasponding control plants untreated with phosphorein at the same salinity
level in the 2™ season. Similar finding were obtained by Ei-Shimy et al.
[2001) on flax with using phosphorein. The authors mentioned that, the
phosphorus beneficial for flax plants to increase growth, by means that it
sharing in vital processes for plant and free energy with necessary for
different vital function of metabolism in addition to quality and quantity of the
yieid under saline conditions. In this respeci, it can be suggested that, the oil
percentage increased by increasing salinity levels up to 4000 ppm but this
increase was limited or within specific range, because at the higher level it
begmn to decrease. Moreover, Gates et al (1870} mentioned that, plant
suffering from salt stress tendad to absorb more phosphorous from the root
medium Such plants usually exhibit high rate of respiration (salt or anion
respiration)  which  requires considerable energy expenditure and
phosphorous is usually required for the synthesis of metabolic disequilibrium,
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Data in Table {(4) indicate that, under saline or non-saline soil
condition, there was a significant increase in oil percentage by using
micronutrients fertilizers in the two successive seasons.

Under non-saline soil condition, oil percentage by using cotngein
surpassed it by using foliafeed ¢ with relative increase 5.9 and 6.7% by
cotngein and 2.2 and 3.6% by using foliafeed when compared with control
untreated plants, in the 1* and 2™ seasons, respectively. These results are in
agreement with those obtained by Mostafa ef al. {1998) and Hussien (2002)
on flax. In this respect, Romheld and Marschner (1995) reported that,
concentrations of chloroplast membrane constituents, glycolipids and
polyunsaturated fatty acids, are reduced by up to 50% in Mn-deficient leaves.
Also, the authors mentioned that, In seeds, the oil content may decrease and .
the composition change with Mn deficiency. it is not clear to what extent
these effects of Mn on lipid metabolism are related to the function of Mn in
the coupling of C, units of tong-chain fatty acids. Cakmak and Marschner
(1987) mentioned that, Zn-containing isoenzyme of SOD {Cu-Zn-SOD) plays
an important role in the detoxification of superoxide radicals {O;) and thus, in
the protection membrane lipids and proteins against oxidation.

As regard to the interaction between salinity stress and
micronutrients application the results reveal that there was insignificant
increase due to using cotngein or foliafeed on oil seed percentage in the 1*
and 2™ seasons. The mean values recorded with cotngein were increased by
about 11.3 and 4.5% when compared with the mean values of control plants
in the 1% and 2™ seasons, respectively. Whiie, the mean values recorded with
foliafeed C were increased by about 9.0 and 5.5% in the two seasons,
respectively. It can be suggested that, using micronutrients either by cotngein
or foliafeed C fertitizer in flax plant under salt stress increase oil percentage in
flax. These may be due to the important role played by micronutrients in
many physiological aperations cccurring in flax plants such as the formation
of many enzymes responsible directly or in indirectly to oil synthesis. These
results are “in agreement with those reported by Moawed {2001).

Data in Table (4) reveal that, under non-saline soil condition GA;
application brought about a significant increment in oil seed percentage in the
1™ and 2* seasons by about 8.9 and 7.0% respectively as compared with
control-untreated plants, The obtained data agreed with the findings of Bahia
et al (1999) and El-Azzouni (2003) on flax..In this respect, it can be
suggested that, the enhancing effect of GA; foliar application on increasing oil
percentage may be due to the effect of gibbereliins on mevalonic acid
pathway in which Acetyl CoA |, fatty acids and gibbereilins formed. This
means that increasing GA; increased oit production in the plant. These
results are confirmed by the investigations which were reported by Bewley
and Black (1983), apRees (1990} and Hopkins (1999).

Moreover, it is clear from the results that, application of GA;
seem-d to be the best treatment to increase oil percentage under ail salinity
levels 12000, 4000 and 6000 ppm) with relative increase 17.2, 11.7 and
18.6% in the 1% season, respectively and by about 7.7, 9.9 and 12.0%,
respectively in the 2™ season when compared with control corresponding
GA3-untreated plants treated with the same fevel of saiinity.
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In this respect, it might be suggested that, salt stressed plants
subjected to GA; application showed an increase in metabolic aclivities
leading to the enhancement of sugars concentration (Hopkins, 1998}, in
which, sugars are considered as the precursor for the formation of oil. This
mechanism includes the induction of metabolic activities that lead to the
increase of Acetyl CoA production, which in turn converts into pyruvic acid
that gives mevalonic acid as a result of its metabelism. Mevalonic acid is
considered essential for the formation of isopropene that forms terpenes
which is considered as the essential component of aromatic oils and GAa.
The obtained results are confirmed by finding of various investigators
(Aldesuguy and thrahim, 2002).

Generally, it can be concluded that, the highest oil percentage was
recorded by GA; followed by cotngein, phosphorein+ full dose of P,0s,
phosphorein+half dose of P,0; foliafeed C,while the lowest oil percentage
was recorded by control-untreated plants.

2-3- Fatty acids composition:

The resuits obtained in Table (8} and Fig {1) show that linseed oil
contained about 13-15% saturated fatty acids (Myristic, Palmitic, Stearic,
Arachidic and Behenic) with paimitic acid being the principal saturated fatty
acid followed by stearic acid. The unsaturated fatty acids levels (Palmitoleic,
Oleic, Vaccenic, Lingleic, Linolenic and Eicosenaic) was about 84-87% of the
total fatty acids, with finolenic acid (omega 3} comprising more than 40% of
the total unsaturated fatty acids, foliowed by oleic and linoleic acids {(omega
8). These results are confirmed by the investigations which were reported by
Kulkarni ef al. {1998} who reported that, the major fatty acids in flax seeds
were linolenic, linoleic, oleic, palmitic and stearic acids.

it is clear from dala that, increasing salinity levels brought about a
slight increase in total saturated fatty acids, while reduced siightly total
unsaturated fatty acids and fotal fatty acids. Similar results were reported by
Gaballah and Abou-Leilah {2000} and Rawya {2001) on flax.

In this respect, Kheir et al. (1921 b) mentioned that high salinity
-increased the proportion of saturated fafly acids and decreased unsaturated
fatty acids in flax seed oil. They suggested that, the increase in saturated
fatty acids in oil percentage might be induced due to an increase in the
number of ail glands per unit area Higher specialized struciures containing
secretory and accumulatory elements {oil cells, glandular trichomes, oil or
resin ducts. or a glandular epidermis) were probably stimulated as a method
of protection against salinity hazards.

El-Gayar (1988} estabiished that, long-chain falty . acids are
subjected to oxidative degradation to produce acetyl coenzyme A. This might
parhally explain the decrease in the unsaturated fatty acids all of them have
long chain, in response to increasing salinity. Meanwhile, relatively short
chain saturated fatty acids showed a reverse response to increasing salinity.
This might be due io the conversion of unsaturated falty acids to saturated
ones under salf stress The increase in acetyl CoA assumed to be due to
-oxidation of long-chain fatly acids under salimity might be oxidized {o CO, via
“the B-oxidation and TCA cycle.
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Table (6): Saturated, unsaturated and total fatty acid percentage in
the flax seed oil as affected by different levels of salinity
as well as phosphorein cotngein, GA,; and foliafeed C

2001-2002 season.
Saturated Fatty Aclds Unsaturated Fatty Acids |
£ Fatty 1
g ], s 7 3
oy 2 ] 3 152 -5
2 poids géés%’aﬁ'égg;guggg&‘
3 [[reatment ZIEIE]8 % SeiEl 8182|518 RES-&
2 cl@lz'al " e S|2lelg E.. &
£ E P52
(ﬁ g uw 2
Control - iesl62{03j02) 133 Jot{zojorlisd 430l o1 |esr {1000
Phosphorein+P,0s 101]65(63]03|02) 134 §0.1127.1{08(15.8423) Q.1 | 86.0] 99.4
3 ,'i:‘gj""“'“ Y05 fg1le7)si]asfoa] 135 Jo2]283]07157 410 01 860] 995
=
£ | Cotngein D1]56]63103102] 135 §01[27.3108|165414] 011860] 995
o [ GAg{0.1g1) 01legl80[02]02] 333 [07]280{0816.241.3{ 01]86.5] 100
Foliafeed C (0.7 g/l} [0.1]6.916.0{03]0.2] 13.5 2 0.2|28.7]08/15.1{40.1] 0.1 | 86.0! 985
Mean 0,116.716.210.3{0.2] 13.56 | 0.427.6]0.8]16.0 41.6! 0.1 86.2 | 89.7
Control < 187181]03102] 133 [ 0.1]252)08[17.543.0] 0.1 867} 100
PhosphareintPy0;  10.1]68164]03/0.2] 138 | 0112690817 0404] 0.2 |8541 932
Phosphorein +0.5 P,010.1]6.9]63[{03[02] 138 | 0112680817 5404( 01] 854 982
2 [Cotngein 01/68162/03102] 136 |01]27.6108]17.6402] 0.1 | 86.4 | 100.0
S BA01gM 01]7.6{63]03[02] 13.9 10.2!27.0108[17.04D.6] 01| 857 9956
Foliafeed C (0.7 gy 101)71162]03/02] 130 | 02127.1[08]17.8400] 0.1 86.1] 100
[Mean 0.115.9]6.3]¢.3]0.2] 13.7 | 0.1 26.8]0.6)17.440.6{ 0.1 | 85.8 | 99,5
}:emrou 0.118716.1]0.310.2] 334 [02|250j08)17.4420] 0.2 856/ 99.0
'Phosphorain+P:0, _ 101]7.0/65]03]0.2] 141 |02 |26.6108(17.340.0] 02 | 853 | 58.2
'Phosphorein +0.5P;04 0.1,7.1]64103]0.2] 14.1 | 0.2]26.3]0.8[17.4400] 0.7 | 64.3 | 95.0
£ [Cotngein 0.117.0/6.1103/02] 137 [02]269[07174401] 021855992
¥ GA {0100 0.1]7.1]7.0104)02] 148 j 02725907178 4040 02185271000}
Foliafeed C 0.7 afy 10.1]7.117.0/03]{0.2] 147 | 0.2/285]07/17.7,40.0] 0.2 | 8531 100 |
ean 0.1(7.0165[0.3]02] 141 |0.2]|26.2]0.8]47.540.47] 0.2 | 65.5 | 99,5 |
Control 01]71183 0.3/0.2) 140 |02}249/08[17.2418] 02| 851991
PhosphoreinsP,0;  |0.1]7.216.6/03]02] 145 | 0.2]28.5]08(17.239.8] 0.21 647 | 89.2
o IPhosphorein +0.5F;040.1]7.3}8.5{03]02] 144 | 0212631 0.8]17.39.8| 0.2 | 84.6 | 99.0
2 iCotngein 01]7.1]6.4/03|02] 141 |02]282]07]16.339.1{ 0.2 | 85.7 | 99.8
© GA,[0.1gh) G1[72[71]03]02] 14.9 102725607 |17.8393| 0.2] 84.1] 99.0
IFollafeed C (0.7 gy [0.1]7217.310.3]0.2] 140 | 02 |26.010.7]17.3 39.7] 0.2 | 84.1 | 89.0
}_ Mean 0.1]7.2[6.710.3[0.2] 145 | 0.2|26.4]0.8117.1 46.0] 0.2 | 84.7 | 95.2

The latter assumption might be supported by the fact that plants under salt
stress usuaily have high rate of respiration which is known as "anion or salt
respiration”. Therefore, it is possible that ane or bath of the above mentioned
assumptions are effective to explain the responses of fatty acids to salinity.
Data in Table (6) reveal that, under saline or non-saline soil
condition, phosphorein application with full or half dose of P,0; resuited in a
relative ncrease in total saturated fatty acids but slight decreased in total
unsaturated and total fatty acids when compared with control phosphorein
untreated plants. These results are in agreement with those reported by
Asghar et al. (2002). Rai et al. (1993) revealed that, linolenic acid content had
a high positive direct effect on oil content under normal levels of ferility.
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Moreover, it is clear from the results that, under 2000 ppm salinity level,
linclenic acid "omega 3" unsaturated fatty acid was increased by about 0.75%
w?th using phosphorein combined with the full dose of P,O5 when compared
with the application of phasphorein combined with half dose of P;0s.

Results in Table (8) and Fig. (1,C ) indicate that, under saline and
non-saline soil condition, slight increase in total saturated fatty acids and
decrease in total unsaturated and total fatty acids were detected by using
cotngein {as a seed coated) or foliafeed C (as foliar application)
micronutrients compound fertilizers when compared with control plants un-
treated with micronutrients application, with relative increase 1.5% in total
saturated fatty acids by application of cotngein or foliafeed C under non
saline soil condition. Also, it is noticed from the data that, under non-saline
soil condition cotngein was surpassed fofiafeed C in finoleic "omega 6" and
linolenic "omega 3" percentage by about 1.24% and 3.2%, respectively. In
this respect, Wilson ef al. (1982) found that, manganese has a role on the
fatty acid composition of the oil; also, manganese markedly altered the
content of linoleic acid. Nagavathna et al. {1992) mentioned that, iron is
essential constituent of many enzymes, lipoxygenases are enzymes which
catalyze the peroxidation of linoleic and linclenic acids, and the increase in
lipoxygenase activity is typical for fast growing tissue. Hopkins (1899)
reported that, iron appears to catalyze both the initiation and propagation
stages of lipid peroxidation Also, the author mentioned that, copper is patent
catalyst of lipid oxidation. While, Hussien {2002) pointed out that, unsaturated
fatty acids (linolenic acid) of flax seeds were increased with application of
microelements.

Generally, it can be suggested that, micronutrients application by
using cotngein or foliafeed C increased some fatty acids in flax seed oil, this
IS may be due to the important role played by some micronutrients an many
enzymes which catalyze or altered the content of some fatty acids, specially
linoleic acid {ws) or finolenic acid {ws). Moreover, the results reveal that high
values of total fatty acids and total unsaturated fatty acids were recorded
undger 8000 ppm salinity leve! by using cotngein as well as total fatty acids
under 4000 ppm salinity level by using cotngein or foliafeed T when
compared with corresponding plants unireated with micronutrients at the
same level of salinity. In this respect, Rawya (2001) reported that. the
increase in iron under saline stress may be paralleled to the increase in
saturated fatty acids content and higher oil in flax seeds.

Concerning the effect of GA; foliar application of the rate of 100
ppm on fatty acids percentage, It is clear from the results in Table (6) and Fig.
(1, D) that, under saline and non-saline soil conditions, there was slight
increase in total saturated fatty acids. In this respact, under non-saline soil
condition, the increase in saturated fatty acids reach to about 1.5% due to
using GA; foliar application at the rate of 100 ppm when compared with
control GA,- untreated plants. Moreover, the results reveal that GAy
application caused increase in the percentage of palmitic, oleic and finoleic
acids with relative increase 4.5, 7.7 and 1.9%, respectively when compared
with control untreated plants with GA;. In this respect, Bahia ef al {1595)
pointed out that, application of GA; to flax increased linclenic acid content.
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However, linoleic, cleic and palmitic acids were decreased. Stearic acid was
decreased with GA,. Thus, it can be suggested that GA; foliar application
increased some fatty acid in flax seed oil. This may be due to the role played
by GA; o promote biosynthesis of Acetyl CoA which is the precursor of fatty
acid and isoperonids which a precursor unit for biosynthesis of gibberellins.

As rtegard to the interaction between salinity and GA; foliar
application, the data reveal that GA, caused an increase in total saturated
fatty acids percentage and this increase mainly from the increase in palmitic
and stearic acids with relative increase 4.5 and 3.3% under 2000 ppm, 7.5
and 14.6% under 4000 ppm and 1.4 and 12.7% under 6000 ppm,
respectively when compared with corresponding plants untreated with GA; at
the same level of salinity. Moreover, the results reveal that, on GA; foliar
treated plants, oleic and linoleic (omega &) acids were increased under all
salinity levels, except linoleic acid under 2000 ppm. On the other hand, the
percentage of linolenic acid (omega 3) generally decreased by GA; treated
plants under all salinity levels when compared with corresponding plants
untreated with GA; under the same level of salinity.

The aforementioned results may be aftributed to the stimulatory
effect of GA; for the biosynthesis of the constituents of some fatty acid in flax
seed cil, ie. linocleic acid (wg) which has a therapeutic application as
mentioned previously.

Generally, it can be suggested that, under different trealments
these changes in the fatty acid constituents occurring by several
characterizations i.e., by increasing, decreasing or disappearing could be
considered as a method for protection plants against salinity stress injuries.
The highest percentage of total saturated fatty acid of fiax oil under salt stress
was recorded by using GA; foliar application followed by foliafeed c,
phosphorein with full or half dase of P,0s, and then cotngein, while the lowest
total saturated fatty acid was recorded by control untreated plants.
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