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ABSTRACT

Pot experiments were conducted in 2000-2001 and 2001-2002 seasons in the
wirehouse of the Central Laboratery for Food and Feed, Agriculture Research Center,
Giza, Egypt to study the tolerance of flax plant to different levels of salinity (0, 2000,
4000 and 6000 ppm) as 2 NaCl : 2 CaCla:1 MgS0,. In addition to study the effect of
different treatments: phosphorein 10 g/kg seeds (biofertilizer) with full or half dose of
P05, cotngein (15 g/kg seed) and foliafeed C (0.7 g/l), {micronutrients fertilizer
compounds}, GAs (at the rate of 100 ppmy), on reducing the hazard effects of salinity
on growth, fibre yield and chemical composition of flax plant. The obtained results
indicated that, increasing salinity levels decreasesd most of the studied characters
(shoot height, dry weights of roots, stems, leaves as weli as whole piant, technical
length, stem diameter, number of apical branches, straw and fibre yield/plant) as well
as total essential, non-essential and total amino acid, crude protein, N and K. While,
total sugars, some amino acids (proline, arginine and histidine), total soluble phenols
as well as P, Ca, Mg and Na increased by increasing salinity levels. On the other
hand, the application of phosphorein with full dose of P20s surpassed phosphorein
with half dose of P,Ox on growth, fibre yield and chemical composition under saline or
non-saline soil conditions. Moreover, cotngein seed coated surpassed foliafeed C
foliar application on the most of the studied growth, fibre yieid characters as well as
chemical composition under saline or non-saline soil conditions. Furthermore, GAs at
the rate of 100 ppm improved, to extent, the negative effect of salinity on flax growth,
fibre yield and chemicai composition.

INTRODUCTION

Flax crop (Linum usitatissimum L.) is considered as the second fibre
crop after cotton in the world. it is grown in Egypt as a dual purpose (seed for
oil and stem for fibre).

Long fibre flax use in textiles and linen industry. in Canada and North’
America short fibre used for producing special type of paper and automotive
industry by composites from patural fibres which blended with polypropylene.
Salinity is considered as a significant factor affecting crop production and
agricultural sustainability in many regions of the world as it reduces the value
and productivity of the affected land.

Some. soil microorganisms could improve P-uptake and increase
salinity tolerance by different field crops (El-Aggory et af., 2001). It was found
that, plants infected with phosphorus dissolving bacteria take up more P from
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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 ameng which salinity stress (El-Gazzar and El-
Kady, 2000 and El-Sweify et al., 2002). In addition, plant growth promoting
substances such as GA; has been known to play an important role to
increase flax yield and its components (El-Shourbagy et al., 1995 and
Ghoniem, 2004) as well as to support the plants against salinity stress
(Aldesuquy and lbrahim, 2002). -

Thus, the aim of this present study was to investigate the effect of
biofertilizer (phosphorein), micronutrients (cotngein and foliafeed C)} and
gibberellin (GA;) on the productivity of flax plant grown under saline soil
conditions.

MATER!IALS AND METHODS

Pot experiment was carried out in the wirehouse of the Central

Laboratory for Food and Feed, Agricuture 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 Agricuiturat Research Center Station in
Giza. The mechanical and chemical analyses of the soil under mveshgatnon
are given |n Table (1).

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

investigation.
Property Value Property Value
Clay% 376 EC (ds/m“) 1.5 0.54
Silt% 28.0 Ca" megq/! 3.2
Sand% 344 Mg*" meqg/l 20
Texture class Clay loam | Na' meq/! 2.0
Total soluble saits% 0.17 K* meq/l 1.0
Organic matter% ' 0.31 HCOs” meq/l 1.3
Calcium carbonate% : 2.30 S0, meqg/l 3.5
pH 7.7 Clr meg/l 34

Mechanical analysis of the soil samples were performed according to
the method of Black (1882). Organic matter, calcium carbonate, pH, total
soluble salts, EC, Ca, Mg, Na, K, HCO,;, 80O, and C! were determined
according to Cottenie et al. (1982).

Seeds of flax "Linum usitatissimum L.” Sakha 1 variety were sown on
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 the
Ministry of Agriculture(70 Kg N,100 Kg P and 50KgK/fed.) each of pot
received 2.2 g calcium superphosphate (15.5% P.Os) and 0.7 g potassium
sulphate (48% K;0O) before planting and 3.0 g ammonium nitrate (33.5% N).
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Haif of the nitrogen fertilizer was added before planting, and the second half
after 21 days later. 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 1:1:0.5 by weight
respectively. -

For each salinity levei the pots were separated into six groups, the first
group received the normal level of fertilizers as mentioned before but without
any soil addition or foliar appiication. 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 haif dose of P,04
(1.1 g) fertilizer. The fourth group received the normai 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 GAs at the rate of {100 ppm), spraying was applied twice with thirty days .
intervals starting from 35 days of planting. The sixth group of pots was 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
and 4% Zn in chelated form an EDTA as well as 4% Mn, 0.5% Cu, 0.5% B,
0.5% Mg, 0.02% Mo on inorganic forms). Spraying was carried out twice at
the same time of GA; foliar applications.

Two samples from each treatment were collected after 60 and 80 days
from planting and the following growth characters were estimated: 1- Shoot
height (cm). 2- Dry weight (g) of leaves, stems and roots as weli as whole
plant.

Ethanol extract of shoots and roots were used for the determination of
total sugars and total soluble phenols. Total sugars were determined in the
ethanolic extract by using the phenol sulphuric acid reagent according to
Dubois et al. (1956). Total soluble phencls were determined by using the
colorimetric method of folin-ciocalteu as described by Swain and Hillis (19589).
Determination of different elements (N, P, K, Ca, Mg and Na) were
determined in the dried matter of shoots and roots in the two successive
samples. The dry matter was digested in a mixture of sulphuric and perchloric
acids according to Piper (1947). For the determination of total nitrogen the
. medified "Micro Kjeldahi” apparatus of Parnas and Wagner as described by
Preg! (1945) was used. The crude protein percentage was obtained by
multiplying the percentage of total nitrogen by 6.25. Phosphorus was
determined  colorimetrically using the  chiorostannous  reduced
molybdaphosphoric biue colour method as described by Jackson (1973). The
determination of K, Ca, Mg and Na was carried out by using Atomic
Absorption Spectrophotometer,D.P3300 Perken Elemer.

Individual and total amino acids percentage were determined in shoot
of two sampies, according to the method described by Widrier and Eggum
(1966). Oxidation was carried out by using performing acid, to protect
methionine and cysteine from destruction during acid hydrolysis, following
acid hydrolysis in the oven at 110 °C for 24 hours. High performance amino
acid analyzer, Beckman 7300 was used for amino acid determination.
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At maturity (150 days from sowing) the flax plants were harvested and the
following characters were determined: 1- Shoot height {cm). 2- Technical
length (cm). 3- Number of apical branches/plant 4-Main stem diameter (mm).
5- Straw yield/plant (g). 5- Fiber yieid/plant (g):.was determined after retting
process.

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 §% level of probability to indicate treatment
differences, salinity level was the main factor, different treatments were in the
sub-factor. The analysis of variance of the experimental design was done
according to the method described by Snedecor and Cochran (1980).

RESULTS AND DISCUSSION

1- Growth and fibre yield characters

it is clear from the result in Tables (2, 3 and 4) that there was
significantly and gradually decreases in all the studied growth and fibre yield
characters (shoot height, dry weights of roots, stem, leaves and the whole
plant in the two successive samples as well as shoot length, technical length,
stem diameter, number of apical branches/plant, as well as straw and fiber
yield/plant) with increasing salinity level.

Many workers suggested that the harmful effect of salts on plant growth
may be atiributed to high osmotic pressure of soil solution which restricts the
absorption of water by plant roots and/or to the toxic effects of certain ions
present in soil solution {Abd Ei-Karim, 1996 and Rawya, 2001). Moreover, the
adverse effect of high salinity concentration on growth could be ascribed to
that salinity has been shown to reduce the synthesis of DNA, RNA and
protein in many plants which might lead to disturbance in metabolic activities,
cell division and elongation. In this connection, many investigators reported
that, the effect of salinity on plant height, technical length and other yield
components might be attributed to the rise in the osmotic pressure of rooting
media which inhibits the meristematic tissue activity, consequently the size
and the number of cells per unit length markedly reduced. Similar suggestion
was reported by Hanafy Ahmed et a/. (2002 a) and Rawya (2001).

Furthermore, - many workers suggested that the reduction in plant
growth due to salinity could be attributed to the decrease in transpiration and
photosynthesis. In this respect, Ashraf and O'Leary (1996) pointed out that,
CO; uptake was decreased by increasing salinity level. They also mentioned
that, decrease in CO, uptake were paralleled by reductions in transpiration
and stomatal conductance and they suggested that the change in stomatal
resistance in saline conditions may be responsible for reducing both
photosynthesis and water use efficiency.

Results in Tables (2, 3 and 4) reveal that, there is a significant increase
on most of the studied growth and fibre yield characters {shoot height,
technical fength ‘and main stem diameter) by using phosphorein combined
with half or full recommended dose of P,Os fertilizer in both the 1* and 2™
samples of the first and second seasons as compared with control non-
inoculated plants. -
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Table (2): Shoot height {cm) and dry weight (g) of various flax plant organs (roots, leaves and stems) in the two
sampies as affected by different levels of salinity (0, 2000, 4000 and 600¢ ppm) as well as phosphorein,
cotngein, GA; and foliafeed C during 2000-2001 and 2001- 2002 seasons
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Table {3): Shoot length {cm)}, technical length (cm) and stem diameter
(mm) of flax plant 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

@ Seasons 2000-2001 2001 = 2002
- E alinity levels _ _

%5 {ppm) g o o o ic I £ o o o | £ __
=g t|1g8|g2|8i8m £ /818|882
£ S| | % | @ = S & T | 8 =

Y iTreatment
Cantrol 55.77 52.48 142 .97 40.0547.8 57.70 K¥9.1045.3037.1047.3

Phosphorein+ P, Qs [55.43 53.15 43.33 42.0948.5 180.10 [53.30 144.90142.9055.3
Phosphorein +0.5P, 0554.20154.10 141.8040.31 47.6 §73.60 149.50 46.1040.20(52.4

=
o
H E KCotngein 64.79 (53.44 |44 31 140,55 50.8 §63.90 51.9047.56144.60[52.0
B 2 A0, 1g/) 5567 51.72 [44.54 [41.55 |48.4 [58.30 [53.9053.20 45.10 [52.6
2 |Foliafeed C (0.7g9/) [56.17152.17 [42.1541.37 |48.0 [59.70 [52.30 148.10 42.90[50.8
# Mean (A) 57.0 52.8 432 (410 656 [51.7 47.5 42.1
LS.Dat%5 A= 0.954 B=1.169 A*B= 2.337{A=3.769 B=4.616 A" B =9.233
IControl 47.07 42.56 [33.33[31.05[38.5 |50.50 [43.80[39.10[32.40[41.5
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q:‘;’ IPhosphorein +0.5P; O445.17 143.96 |31.86 [31.95 [28.2 §59.30 [43.1042.c0[36.1045.1
5 E [CGotngein 55.57 47.51134.2832.61 42,5 |55.60 143.60[40.70[38.90 44.7
£ 2 [GAY0.1g /) 45,35 141.45 [34.85 [32.16 [38. 5|50.50 [46.90 46.70[41.20456.3
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2 Mean (A) 480 (4351334325 555 [450(41.7(3786
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IControl 1.9011.47[1.3371.13][1.46§ 1.55 [1.46[1.38[135 1 1.44

Phosphorein+P,0s 2001173 11.7011.20(1.661 169 [1.36]1.31]1.306] 1.42

% Phosphorein+0.5P; 0s| 1.67 1 1.50 | 1.47 11.33 |1.49] 163 | 1.40| 1.36 | 1:29; 1.42
E E [Cotngein 1.93}11.601.601.33 [1.62] 1.65 [ 1.43]1.311.30} 1.42
b E (GA:{0.1g/h 1.9011.5011.43.11.401.564 1.62 {1.48|1.4411.411.49
5 Foliafeed C (0.7 g/1) 1223 (1.731.43|1.30 (167} 1.75 | 1.361.42[1.30| 1.46
” Mean (A) 1.9411.59)149)1.28 1.65 | 1.4211.37[1.33
LS Dat%5 A= 0.0918=0111 A"B=0.223 A=0.107 B=N.§ A'B=N.§

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 suCPpIied with half
dose of P,0s. 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. (2000) and El-Gazzar (2000} on flax plants.

In this respect, it can be suggested that phosphorein combined with full
dose of P,Os fertilizer might induce significant favourable effect on most of
the studied growth characters. These tesults may be attributed to the fact that
biofertilizer phosphorien contained phosphate solubilizing bacteria and this is
play a fundamenta! role in correcting the sclubility problem of phosphate in
the soil by converting the fixed form to soluble form ready for plant nutrition
(Abd El-Lateef et al., 1998 and Fatma, 2003). Moreover, the enhancing effect
of phosphorein as a biofertilizer on growth and yield characters might be
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attributed to many factors such as: a) its ability to release plant promoting
substances, mainly |AA, gibberellic and cytokinin like substances which might
be stimulated plant growth and yield (Saber ef al, 1998), b} synthesis of
some vitamins e.g. By (Sobh et al., 2000), ¢) increasing amino acid content
(Saber et al, 1998 and Hanafy Ahmed et al, 2002 a), d) increasing the water
and mineral uptake from the soil (Sobh et al, 2000 and El-Agrodi ef 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 ef
al. (1997), and e) enhancing the production of biclogical 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 et al. (2002 ¢).

Table (4): Number of apical branches, straw yield and fiber yield(g)/ flax
plant 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

@ Seasons 2000-2001 2001 - 2002
E Salinity levels; _
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:m‘ Phosphorein +P;0s {.240/0.233/0.163(0.160/0.19910.160 10.143{0.133(0.127!0.141
- Phosphorein+0.5P, ©5(0.22710.180]|0.153{0.140(0.175] 0.1530.130(0.127]0.120(0.133
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T Mean (A) 0.241]0.217]/0.15410.143 0.15310.138[0.130]0.121
L.S. D.at5% A=0.011 B=0.013 A"B =0.0278A=0.110 B=0.120 A"B=0.240

3661



Hanafy Ahmed, A. H. et al.

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 yield. In this connection, microorganisms have a critical role in
the availability of soil immobilized phosphorus through dissolving soil comptex
inorganic and organic phosphates (El-Dahtory et al., 1989).

Concerning the interaction between salinity stress and biofertilizer
phosphorein combined with half or full recommended dose of P,Qs mineral
fertilizer on growth and fiber yield characters, it is clear from results in Tables
(2, 3 and 4} that, there was pronounced positive significant difference
between means values of studied growth and fiber yield characters in the 1%
and 2™ seasons. The present results are in agreement with those reported by
El-Shimy et al. (2001), El-Aggory et al. (2001) and El-Sweify et al. (2003). In
this respect, Saber and Kabesh (1990) reperted that, the application of some
biofertilizers such as phosphate dissolving bacteria and microbein under
saline soil may resulted in a reduction of soil pH which increased the soiubility
of some nutrients such as P, Fe, Zn, Mn and Cu which in turn increased
nutrient uptake by plants and consequently improving plant growth and
subsequently increasing yield. There is a strong competition between plants
and soils for P in the soil solution. The winner usually is soils, so, it is
essential to apply phosphate fertitization or using biofertilizer to mobilize sail
phosphorus. This led to increase the plant growth, P-uptake and microbial
population in crops rhizosphere and consequently yield (El-Fadaly et al,
2003). It can generally be concluded that, the growing of flax plants in salinity
soil with an active bacterial strain as phosphate dissolver namely Bacillus
megatherium (phosphorein} is of great importance. This led to significant
increase in the biofertility of soil as well as the yield of the plant growth. The
biofertility of soil expressed in increasing the number of different bacterial
groups in rhizosphere area. These groups have active effect in releasing
phosphorus in addition to the N,fixation process and degradation of the
organic materials by the enzymatic systems they have. This can also take
part in reducing the pollution of the seil from the chemical showed be added
every year. Furthermore, this also increased the yield of flax and the nutritive
values as well.

Concerning the effect of micronutrients on growth and fibre vyield
characters, the data reveal that there is a significant increase on most of the
studied growth and fibre yield characters (shoot height, technical length and
stem diameter) by using cotngein or foliafeed C micronutrients fertilizers in
the two successive seasons. The cbtained results are in agreement with
those obtained by Grant and Bailey (1997) and Hussien (2002) on flax plant.

These results could be attributed to the important role of micronutrients
in plant growth as a result of affecting many physiolegical processes on plant
life and/or increasing mineral uptake by flax plants. In this respect, it can be
suggested that, micronutrients supply probably increased the net assimilation
rate by increasing the rate of photosynthesis per unit leaf area and/or further
by decreasing respiration rate (Moorby and Besford, 1983). Furthermore, it
can be suggested that the influence of micronutrient on growth and yield of
flax plants rather relevant to the enzymatic systems responsible for the
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biosynthesis of the piant hormones as well as through improvement of
nutritive status, which may lead to more branches and seeds,. Similar
suggestion and results were reported by Hanafy Ahmed et al. (1995) on
wheat and faba bean. The significant increase in shoot height and dry
weights of roots, stems and leaves as well as whole plant obtained by
application of micronutrients (Zn, Mn and Cu) might be attributed to the
important role of these elements in the biosynthesis and metabolism of
carbohydrates by activation of enzymes, catalyzing these processes.

Furthermore, it is clear from the results that,™ cotngein as a
micronutrient fertilizer coated seeds surpassed foliafeed C as a foliar
micronutrients fertilizer in most of the studied growth and fibre yield
characters especially in the 2™ season.

Regarding the interaction hetween salinity and micronutrients, the
results in Tables {2, 3 and 4) reveal that, there are positive significant
differences in growth characters, straw and fibre yield/plant and its
components by using cotngein or foliafeed C micronutrients fertilizers under
saiine 50|I condition in the two samples and seasons, except stem diameter in
the 2™ season. In this respect, Osman et al. {1990} working on faba bean
using Fe, Mn and Zn chelates by coating method found that, such method
was efficient for correcting the requirements and suitable between such
nutrients in alluvial slightly alkaline soil for growth, nutrient uptake and high
yield production.

It is important here to mention that, under sahne soil conditions the pH
value of the soil may be increased and this increase affects on availability of
most micrenutrients in the soil to plants. Therefore, added these
micronutrients either by seed coating as cotngein or foliar application as
foliafeed C may compensate micronutrients deficiency under saline soil. In
this connection, Potriat and Picard {1983) working on faba bean pilants,
pointed out that crop yield may evidently be increased by the addition of
micronutrient is soil suffer from their deficiencies, the pH of the soil system is
an important factor in determining the solubility relationship.

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 fibre yield
characters in the two successive seasons by using GA; foliar appiication 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, Lou
{1980) and Feihu et al. (2000) reported that, GA; can accelerate the
metabolism and transport of photosynthates, enhance root absorption: activity
and plant growth as well as yield.

The increase in plant growth and consequently fibre yield of flax in
response to GA; treatment may be due to highly increased levels of
endogenous gibberellins and disappearance of growth inhibitors {(Zaky,
1985). The effects of gibberellins on whaole plants are caused by a stimulation
of activity of specific enzymes and/or a changed availability of endogenous
auxin. Moreover, Bhatiacharjee et al. (2000) reported that, growth promotes
like gibberellic acid {GA;) at lower concentration are capable of enhancing
vegetative growth through increased meristematic activity due to enhanced
cell division and etongation. :
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Concerning the interaction between salinity and GA; (100 ppm)

application, it is clear from the results that, there is a pronounced increase in
most of the studied growth and fibre yield characters with GA; application
when compared to control stressed-untreated plants. These increases were
5|gn|ﬁcant in the dry weight of stems and whole plant, as well as shoot height
in the 2™ s sample of the second season and yield of straw and flbre and its
component in the two seasons, in addition to shoot height in the 1* sample of
the 2™ season. Similar results were obtained by Aldesuquy and Ibrahim
(2002), and Gherroucha et af. (2003) on wheat.
In this respect, Sing and Singh {1980) reported that, the growth regulators
GA;, kinetin, or IAA significantly mitigated the adverse effect of salinity.
Moreover, growth regulators reduced the relative EC of ramie in comparison
with the control. This reveals that the regulators can increase the cell
membrane stability thereby increase the stress resistance of ramie (Feihu et
_.al., 2000).

Generally, it can be concluded that GA, application at the rate of 100
ppm could increased fibre yield and its components of flax plants either the
plants were grown under salt stressed or not. The best treatment of fibre yield
were followed the order cotngein > phosphorein + full dose of P,0s> GA; >
foliafeed C and then the lowest increase was by phosphorein + half dose of
P,0Os in the 1% season.

2- Chemical compositions

Data of total sugars and total soluble phenols concentrations in the
shoots and roots, of the two successive samples, of flax plant as affected by
different level of salinity (0, 2000, 4000 and 6000 ppm) as well as
phosphorein, cotngein, GA; and foliafeed C application are presented in
Table {5).

Regarding the effect of salinity, the present results indicate that
increasing salinity ievel increased the concentrations of the total sugars in the
shoots and roots gradually by increasing sait soil addition up to 4000 ppm
and decreased thereafter. While, there was a significant increase in total
soluble phenols in the roots, but an opposite trend was obtained by the
shoots in the two successive samples.

In general, the increment in soluble components among which total
sugars and total soluble phenols due to salinity stress may in turn play an
important role in increasing the osmotic pressure of the cytoplasm. This
conclusion is in accordance with the results obtained by Greenway and
Munns (1980) who stated that these organic molecules act as osmotica and
play an important role in osmotic adjustment in non-halophytes, moreover,
sugars as osmolytes enable plants to keep better water relation under salt
stress condition. It might be suggested that sugar concentration may be an
indicator to the osmoprotectant levels in flax plant and may contribute to salt
tolerance in this system. On the other hand, as mentioned before, gradual
decreases in total soluble phenols were recorded by the shoot of flax plants
with increasing salinity levels. In this respect, Sifola et af. (1995) working on
eggplant, found that total polyphenols content decreased with increasing
salinity. In this connection, Krishnamurthy and Bhagwat (1993) on rice plant,
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suggested that this decrease in the total polyphenol concentrations may be
attributed to the increase in the activity of enzymes affecting on phenols
accumulation in sait-stressed plants. Moreover, Kennedy et al. (1999) found
that, the levels of four key enzymes involved in oxidatives stress (catalase,
polyphenol oxidase, superoxide dismutase and lipoxygenase) were
significantly increased in Grevillea species as a result of NaCl treatment.

Data in Table {5) indicate that, application of phosphorein with full or
half dose of P;Qs; mineral fertilizer significantly increased total sugars
concentratlons and decreased total soluble phenols in shoots and roots in
both the 1% and 2™ samples, (except roots in the 2™ sample of sugar
concentrations).

In this respect, it can be suggested that using biofertilizer phosphorein
might be increase P availability and that might be implicated in enhancing
photosynthesis and synthesis of carbohydrates. In this respect, Hepkins
(1999) mentioned that, in the plant, phosphorous is found largely as

phosphate esters-including the sugar-phosphates, which play such an
important role in photosynthesis and infermediary metabolism. Other
important phosphate esters are the nucleotides that make up DNA and RNA
as well as the phospholipids present in membranes. Phasphorus in the form
of ATP, ADP and Pi, phosphorylated sugars and phosphorylated organic
acids also plays an integral role in the energy metabolism of cells.

As regard to the interaction between salinity levels and phosphorein on
total sugars and phenols, it is clear from the results obtained from Table (5)
that, there was significant increase in total sugars concentratlon and
decrease in total soluble phenols in both shoots and roots in the 1% and 2™
samples by using phospig rein_with full and/or half dose of P,Os except in
roots of the first sample by ﬁsmg phosphorein with half dose of P,0s in total
sugars. In this respect, Hanafy Ahmed ef al. {2002 a} suggested that, simpie
organic molecules such as sugars, free amino acids.and.fotal soluble phenols
may act as an osmoticum for the regulation of plant osmosis under saline soil
conditions.

Data in Table (5) indicate that, there was a significant increase in total
sugar concentrations in both shoots and roots of flax plants by usmg
mncronutnents compeunds fertilizers cotngein and foliafeed C in the 1* and
2™ samples. While, there was significant decreases in total soluble phenols
were recorded by the roots of flax plant treated with micranutrients compound
fertilizers (cotngein or foliafeed C) when compared with control
micronutrients-untreated plants. Moreover, in the roots foliafeed C foliar
application induce more reducing effects on total soluble phenols
concentration than cotngein seed coated application.

As regard to the interaction between salinity and micronutrients, it is
clear from the results that there was significant positive effect due to using
cotngein or foliafeed C treatments under salme soﬂ on total sugars
concentration of both shoots and roots in the 1% and 2™ samples as well as
total soluble phenols in shoots. However, there is significant decrease in total
soluble phenols concentration in roots by the same treatments. In this
respect, Eid et al. (1993) reported that, ZnS0; was the best treatment for
reducing total soluble phenols concentration at high salinity levels (6000 and
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9000 ppm). This may be due to tiat micronutrients in foliafeed C and
cotngein enhanced metabolic activity, consequently enhancing sugars and
phenols synthesis and accumuiation. These results are in agreement with
those reported by El-Khawaga (2003) on pcmegranate.

. Data in Table (5) indicate that. in the two successive samples,
application of GA; at the rate of 100 ppm brought about significant increase
0~ total sugars in both shoots and roots of flax plant as well as total soluble
phenols concentration in roots and a distinct reduction of total scluble
phenols concentrations in shoot. In this connection, gibberellin regulating
gene products include amylases and other enzymes responsible for
degrading storage carbohydrate and mobilizing the sugars for use by the
developing embryo (Hopkins, 1999). In this connection, Law (1987) reported
that, gibberellin increased the biosynthesis of IAA by regulating the
conversion of L-tryptophan to D-tryptophan which converted to auxin.

in this respect, it might be suggested that the effect of GA; on the
synthesis of phenols may be induce through it's effect on shikemic acid
pathway in which auxins and phenols consists thus, application of GA; may
caused increase of auxins and phenols or might reduce auxins synthesis and
consequently lead to increase of phenals.

As regard to the interaction between GA; and salinity levels, it is clear
from the data that, in the 1% and 2™ samples, there was significant increase
in total sugar concentrations in both shoots and roots and total soluble
phenols in reots by using GA, foliar application when compared with control
plants grown under saline soil but untreated with GA;. However, a reverse
trend was recorded in the shoot on total soluble phencls. These results are in
agreement with those reported by Aldesuquy and Ibrahim (2002) on wheat. in
this respect, Sultana et al. (2000) reported that, the external application of
GA; improved the seediing growth and alpha-amylase expressicn in the
presence of NaCl. It is suggested that, GA; counteracts the stress cenditions
by enhancing the degradation of starch and alpha-amylase activity in seed
which ultimately leads to better seedling growth this increase tolerate plant to
salinity leads to increase yield of flax plants.

Data in Tables (6 and 7) indicate that, essential, non essential and total
amino acids as well as crude protein percentage exhibited a gradual
decrease with increasing salinity level. On the other hand, proline and
arginine percentages in the two successive samples as well as histidine in
the 1% sample exhibited gradual increases with increasing salinity levels. This
result is in accordance with the results obtained by Singh and Singh (1991)
on linseed, they found reduction in total nitrogen, protein, RNA and DNA,
while accumulation of proline occurred with increased salt siress. From these
results it can be inferred that saiine media activate the accumulation of more
intermediate metabolites such as amino acids by the cells. This may be
induced as a result of increasing protein degradation and/or reducing the rate
of incorporation of free amino acids into protein. This suggestion was also
reported by Hanafy Ahmed et al. (2002 a and b) on Myrtus communis and
wheat plants, respectively.
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Table (5): Total sugars and total soluble phenols concentrations (mg/g F.W.) in the shoots and roots of flax plant
as affected by different levels of salinity (0,2000,4000 and 6000 ppm) as well as phosphorein,
cotngein, GA; and foliafeed C application in the two samples of the second season, 2001-2002

Plant organ Shoots Roots
= 5 | Plant age (days) 60 90 60 90
E 5 linity levels{ppm) _ 1= =5 = a
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[T o««..:%oﬁv%:,o&%Sgoo.?%g
¢ T Q = | O = o = | © =
reatments (B}
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Table (6): Essential , non essential and total amino acids as well as crude protein (%) in the flaxshoot as affected by different
levels of salinity {0, 2000, 4000 and 6000 ppm) as well as phosphorein, cotngein, GA; and foliafeed C in the first
sample of the second season, 2001-2002,
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it is clear from the results in Tables (6 and 7) that under non-saline soif
condition, in the two successive samples, there was increases in essentiai,
non essential and total amino acids as well as crude protein percentage in
the leaves of flax plants due to using phosphorein with the full dose of P;Os.
While, application of phosphorein with the half dose of P,0O5; caused an
increase in essential and total amino acids in the 1% sample as well as crude
protein in the 1% and 2™ samlples, however, there was a decrease in non-
essential amino acids in the 1% sample and essential, non-essential and total
amino acid in the 2™ sample by using this treatment when compared with
control non-saline plants.

Generally, it can be concluded that the biofertilizer phosphorein
increased the concentration of simple organic molecules such as. sugars and
total soluble phenols as well as, some free amino acids% which played a role
in regulation of plants osmosis and consequently better plant growth and
yield.

As regard to the interaction between salinity and phosphorein, it is clear
from the results in Tables (6 and 7) that, there was slight decreases in
essential, non-essential and total amino acids as well as crude protein
percentages by using phosphorein with full dose of P,Os; combined with the
lowest level of salinity (2000 ppm} in the 1¥ and 2™ sample and under the
different levels of salinity by using phosphorein with half dose of P,Os.
However, slight increases of non-essential and total aminc acids in the two
successive samples as well as crude protein in the 2™ sample were detected
by the plants supplied with phosphorein combined with the full dose of P,Os;
under 4000 and 6000 ppm salinity levels when compared with corresponding
plants supplied by the same level of salinity but untreated with phosphorein.

The data in Tables (8 and 7) indicate that, under non-saline soil
conditions, cotngein and foliafeed C treatments, both reduced the mean
values of essential, non essential and total amino acids as well as crude
protein in both the 1% and 2" samples, when compared with control plants
untreated with micronutrients, except effect of colngein on total essential
amino acid and crude protein in the first sample. While there was increases in
aspartic, glycine, histidine and arginine in the 1% sample by using cotngein
and threonine, methionine, aspartic, serine, glutamic, proline and histidine in
the 2™ sampie by using foliafeed C when compared with control-untreated
plants. These results are in agreement with those obtained by Nasr EI-Din
{1983) and Hussien (2002) on flax.

As regard to the interaction between different salinity levels and
micronutrients application, in the two successive samples, it is clear from the
results in Tables (6 and 7) that there was decreases in the mean values of
essential, non-essential and total amino acids as well as crude protein
percentages in the shoot of flax plants by using cotngein or foliafeed C when
compared with corresponding plants supplied with the same level of salinity
alone, with some exceptions. However, there were increases in some amino
acids like therionine, methionine, iscleucine and serine percentage under
2000 ppm salinity level by using foliafeed C and cotngein.

It can be suggested that, under physiological drought conditions
caused by excess salts in the soil or irrigation water the high molecular
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weight compounds such as protein might be converted into low moiecular
weight compounds such as free amino acids to increase the soluble content
materials of the cell. Similar suggestions were reported by Sharma ef al.
(1996) and Hanafy Ahmed et al. (2002 a).

Concerning the effect of GA; foliar application on essential, non
essential and total amino acids as well as crude protein, data in Tables (6
and 7) reveal that, in the two successive samples under non-saline soil
cor ditions, low values of all of these components were detected with some
exceptions. Generally, it can be suggested that GA; foliar application at the
rate of 100 ppm reduced activity of plant to synthesize proteins in different
stages, but it can increase some specific amino acids, ailthough it can't
increase total amino acids under saline or non-saline soil condition. In this
respect, Singh et al. (1981) reported that, GA; increased the total soluble
protein significantly in fruiting bodies of flax and other oil crops, e.g.,
Carthamus tincofrium L. and Arachis hypoyaca L.

On the other hand, in the 1™ sample, high values of methionine was
detected under 2000 ppm soil addition, as well as, in the 2™ sample,
therionine, valine, lysine, serine, glycine and alanine under 4000 ppm and
methionine and tyrosine were detected under 6000 ppm by the leaves of
plants sprayed with 100 ppm of GA; foliar application.

3- Nutrients

It is clear from data in Tables (8 and 9) that increasing soil salinity level
significantly reduced N and K concentrations but P, Ca, Na and Mg
concentrations increased significantly in shoots and roots in the 1¥ and 2™
samples. These results are in agreement with those reported by Gaballah
and Abou Leitah (2000) and Rawya (2001) on flax. In this respect, Edwards
and Walker (1983) noted that N is a major constituent of enzymes
responsible for photosynthesis carbon reduction and the components of the
photosystems including chlorephyll which generate ATP and NADH. Thus, a
low N level in stressed flax plants results in sup ressed photosynthetic rate
and lowering of the carbohydrate supply for growth. Furthermore, Mass and
Nieman {1978) attributed the reduction in plant mass under salinity treatment
to the retardation of the production of proteins and nucleic acids. In addition,
Leidi et al (1991) working on wheat, pointed out that a reduction of
transpiration recorded at the higher salinity level could be correfated with an
important reduction in K level.

As regard to the increase in P concentration with salinity levels, Gates
et al. (1970) mentioned that, plants suffering from salt-stress tended to
absorb more phosphorus from the root medium. Such plants usually exhibit
high rate of respiration (salt or anion respiration) which requires considerable
energy expenditure and phosphorus is usually required for the synthesis of
metabolic of disequilibrium.

Concerning the increment of Ca and Mg concentrations in the shoots
and roots of flax plants grown under saline soil conditions (Tables 8 and 9),
the high values of these two elements might be mainly induce due to the
accurnulation of these elements in the saline soil and subsequently uptaken it
by the developing plants at high rates. In this respect, Hanafy Ahmed et al.
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(2002 a) working on Myrive communis, assumed that the elevated
concentration of Ca and Mg in plant material subjected to salinity stress could
be due to the increase in roots uptake as well as translocation process from
roots to other plant organs in order to accumulate in cell so that the
membrane permeability is influenced in 2 manner for maintaining the integrity
of selective ion transport mechanisms.

Concerning the increase of Na concentration in both shoots and roots
of flax plant {Table 9), it can be suggested that these increases of Na
concentration in shoots and roots of flax plant with increasing salinity levels
was quite expected since Na is the dominant element of salts added to
salinized soil. Moreover, the increase in Na concentration in piants with
salinity may be a result of the ability of plants to-use Na to maintain an
adeguate osmotic potential gradient between the plant tissue and the external
solution (Glenn, 1987). In this connection, Hanafy Ahmed et al. (2002 b)
working on wheat, assumed that severe effects attributed to salinity stress on
most of the studied growth characters and yield might be due to increases in
Na concentration. In this respect, these deleterious effects of Na on plant’
growth could be attributed to that Na may affect non-halophyte plants by: 1)
decreasing the water potentiai of the plants. 2) specific- ion toxicity and 3)
affecting solute transport (Greenway and Munns, 1980}.

Data in Tables (8 and 9) indicate significant increase in N and K
concentrations in the shoots and roots as well as P concentration in the
shoots and Ca concentration in the roots in the two successive samples by
using phosphorein combined with full dose of P;Qs when compared with
control-untreated plants. However, there was significant decrease in Mg, Na,
Ca and P concentrations in both shoots and roots in the 1% and 2™ samples
by using phosphorein combined with half dose of P,0s, with some exceptions
(P concentration in the shoots of the 2™ sample and Ca in the roots of the 1%
sample), while N concentration was significant increase in the shoots of the
two successive samples as well as in the roots in the 1% sample. These
results are in agreement with those reported by Thingstrup et al. (2000} on
flax. s
in this respect, Hanafy Ahmed et a/ (2002 C) on lettuce and Fatma
(2003) on mung bean, revealed that appiication of some biofertilizers such as
phesphate dissolving bacteria and microbein increased the availability of
some nutrients such as P and K which could be reflected on plant uptake and
its content from these nutrients. Furthermore, ail elements concentration by
using phosphorein with full dose of P,Os surpassed it by using phosphorein
with half dose of P.Os, which reach to about 2.9 and 2.4% in shoot, 1.7 and
7.1% in roots of N concentration in the 1* and 2™ samples, respectively.

As regard to the interaction between salinity and phosphorein
treatments, it is clear from the data in Tabies (8 and 9) that, there was
significant increase in roots and decreased in shoot on N and Ca
concentrations under 2000 ppm salinity level, in the two successive samples.
However, decreases in both Na and Mg concentration were recorded in the
shoots and roots in 1% and 2™ samples under 2000 and 4000 ppm, but
increase in K concentration was cbtained in shoots and roots of the two
samples under three different salinity levels except in the 1% sampie under
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6000 ppm. Finally there was increase in P concentration in the shoots and
decrease it in the roots in the 1* and 2™ samples by using phosphorein with
full dose of P,Os. With respect to phosphorein combined with half dose of
P.0s, generally it is clear from the resuits that, there were decreases in Na
and Mg concentrations in both shoots and roots in the two successive
samples. However, no constant trend could be detected on N, P, K and Ca
concentrations. These findings are in harmony with those reported by Abul-
Na:r (1998) on flax and El-Sweify et al. (2003) on jute. The enhancing effect
of biofertilizer on increasing nutrients such as P concentration in plant tissues
was recorded by many investigators, they suggested that biofertilizer
reducing soil pH by secreting organic acids such as acetic, propionic, fumaric
and succinic acids which bring about the dissolution of bonds forms of P and
render it available for growing plants {lbrahim and Abd El-Aziz, 1977).

Data in Tables (8 and Q) indicate significant increase in P and K
concentrations in the shoots as well as K and Ca concentrations in the roots
of the two successive samples by using cotngein, while foliafeed C induced
significant increase in P, K and Mg concentration in the shoots as well as N
and K concentration in the roots of the 1% and 2™ samples, also, Ca and Mg
concentration in roots of the 1* sample only, when compared with control
plants untreated with cotngein or foliafeed C. Similar results were reported
by Kukresh and Khodyankova (2001) on flax. The highest values of P, Ca, N2
and Mg concentrations were observed in both shoots and roots in case of
using cotngein and foliafeed C (micronutrients compound fertilizers)
application under 8000 ppm salinity level. These results are in agreement
with those reported by Singh and Singh (1994) and Rawya (2001) on flax.

Hence, the present study reveal that micronutrients application as a
foliar with foliafeed C or seed coated with cotngein both reduced Na and Mg
accumulation in shoots and roots of salt-stressed flax plants, thus avoiding its
depressive effect on plant growth and other relevant physiclogical activities.

Furthermore, it is clear from the data in Tables (8 and 8) that, in the two
successive samples, GA, foliar application at the « ate of 100 ppm significantly
decreased N, Ca, Na and Mg concentrations in the shoots, while increased P
and K concentrations. However, in the roots there was significant increase in
N and K concentrations in the two successive samples as well as Ca and Mg
concentrations in the 1% sample when compared with control-GA, untreated
plants. Similar results were obtained by Bahia et al. (1995) on flax. In this
respect, El-Khateeb et al. (1991} on Ruta gravelens, reported that mineral
uptake was increased during IAA and GA; application in different plant
species, but Na was decreased. Moreover, Lou (1980) mentioned that, GA,
can accelerate the metabolism and iransport of photosynthates, enhance root
absorption activity and plant growth.

Concerning the interaction between salinity levels and GA; foliar
application, data presented in Tables {8 and 9) show that, spraying 106 ppm
GA, had a significant promoted effect on N, K and Ca concentration in the
roots and on P concentration in the shoot of flax plants in the 1% and 2™
samples.
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Table (7): Essential, non essential and total amino acids as well as crude protein (%) in the flax shoot as affected by different
tevels of salinity (2000, 4000 and 6000 ppm) as well as phosphorein, cotngein, GA; and foliafeed C in the second
sample of the second season, 2001-2002.
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Table (8): Nitrogen, phosphorus and potassium concentrations (mg/g D.W.) in the shoots and roots of flax plant
as affected by different levels of salinity (0, 2000, 4000 and 6000 ppm) as well as phosphorein, cotngein,
GA; and foliafeed C application in the two samples of the second season, 2001-2002.
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Table (9): Calcium, sodium and magnesium concentrations {(mg/g D.W.}) in the shoots and roots of flax plant as
affected by different levels of salinity (0, 2000, 4000 and 6000 ppm) as well as phosphorein, cotngein, GA,
2and foliafeed C a_P_incation in the two samples of the second season, 2001-2002,
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Generally, the reduction in Na concentration by GA, foliar application
may be due to that growth promoter GA; inhibited Na uptake in shoots and
roots of salt stressed flax plants. In this respect, Feihu ef al. (2000) reported
that growth regulators (Choline chloride, GA;, 6-BA and NaHSQ;) reduced
EC of leaf water extract in ramie. This reveals that the regulators can
increase the cell membrane stability, thereby increase the stress resistance
of ramie.

Finally, different treatments "phosphorein with full and/or half dose of
P,Os, cotngein, foliafeed C and GA;" decreased the influx of Na' ions in
shoots and roots of salinized flax plants. Thus, the exogenous application of
these treatments may be used successfully io ameliorate the stress injuries
caused by salinity.
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