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ABSTRACT: The present investigation aimed to study the interaction
between salinity and antioxidants (vitamin E and selenium) on some
physiological and chemical compositions in alleviating salinity of soybean
plants (Glycine max L ) Giza 111, growing under saline condition at different
levels (1.5,3 and 6 EC ) with and without antioxidants .Photosynthetic
pigments ,total carbohydrates ,soluble sugars and some minerals ( N.P and
K) were significantly decreased by salinity treatments meanwhile enzymes
activity increased in different organs of the plants and these values
increased also by antioxidants application .The interaction between
antioxidants and salinity led to an increase in the above mentioned values
especially at rate of 3 EC salinity plus 50 mg./l selenium .Meanwhile the
interaction between rate of 6 EC salinity decreased the above mentioned
values except the rate of 50 mg./| selenium under the same level of salinity
which increased these values . It could be recommended that antioxidants
has a good effect for improving the uptake of some minerals in saline soils
and increasing plant resistance to salt stress.
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INTRODUCTION

Soybean plants (Glycine max, L.) is one of the most important leguminous
crops all over the world. Soybean seeds are used widely in human food and
animal feed for big nutrition value. , and soybean plants are used for silage of
green manuring .

Salinity is a wide spread environmental stress for crop plants and soil
salinization is one of the most serious environmental threats for plant
survival and crop yield. In aired and semi-aired region in particular soil
development is characterized by high salt levels in the soil profile . Salinity
exerts in undesirable effects through osmotic inhibition, ionic toxicity and
induce physiological disorders eg. Na or Cl (Arunsiri,1983).

Soluble salt depresses the water uptake by plant roots (Gangwar and
Varshney, 1986) and also lead to disturbing the uptake and translocation of
nutritional ions (Misra and Dwivedi,2004),

Antioxidants (vitamin E and selenium) are substances which may delay or
inhibit oxidative damage to a targe molecule . The antioxidants are chemicals
that prevent the oxidation of other chemicals and protect chioroplast
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membranes from photo-oxidation and help to provide an optimal
environment for photosynthetic machinery . Oxidation produces highly
reactive free radicals which react with other molecules . The antioxidants
scavenged the damaging cells from these free radicals.

Therefore this study was carried out to detect the effect of some
antioxidants (vitamin E and selenium) under salinity conditions (NaCl+CaCl2)
on physiological& chemical composition.

MATERIALS AND METHODS

Two pot experiments were conducted at the experimental Farm of fac ulty
of Agriculture at Shebin El-Kom, Minufiya University during two successive
seasons of 2007 and 2008 to study the effect of some antioxidants under
salinity conditions on some physiochemical aspects of soybean plants .

Plastic pots ( 30 c¢m, inner diameter and depth )were filled with 10 kg of nil
clay soil.

The salinity levels were mainted by adding a mixture salt of NaCl + CaCl2 (
1 : 1 w/w ) to each pot to get artifical salinity levels 0f 1.5 as a control ,3 and 6
ds m- by the mixture of salts ten days befor sowing iducing chloride
salinization according to Strogonov (1962).

Phosphorus (P202) in the form of calcium super phosphate was added to
the soil befor sowing at the rate of 1-2 gm.per pot and nitrogen fertilizer in
the form of ammonium nitrate at the rate of 1.58 gm.per pot at two portions ,
the first portion 21 days after sowing and the secound one at the begining of
podding stage .

Seeds of soybean plants ( Glycine max,L. ) cv Giza 111 were obtained
from the Ministry of Agriculture, Giza, Egypt. The seeds were sown in the
pots on 15 March of the two seasons ( 2007 and 2008 ) at the rate of 10 seeds
pre pot at equal distance and depth .

After sowing the pots were watered immediately and watered twowice
every week at the field capacity during the growth period .

The seedlings were thinned ,after the appearance of the foliage leaf to four
plants per pot .

Antioxidants treatments :

Vitamin E ( Thechpherol ) was applied at rate of 0,00 and 200 mg./l and
selenium as sodium selenate was applied at rate of 0 ,50 ,100 mg./l and the
two antioxidants were obtained from Sigma Chemical Company

The plants were sprayed three times , the first application was at 30 days
from sowing and the second one at 45 days from sowing (vegetative growth)
and the third one at 60 days from sowing (flowering stage ) .

The treatments were designed in complete randomized block system with
three replicates .
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Physiological and Chemical constituents:

Two samples were taken at 45 and 60 days from sowing to determine
photosynthetic pigments concentration the activity of some enzymes in fresh
leaves ,total carbohydrates ,total soluble sugars , proline concentration ,
total phenols , and mineral compositions .

Photosynthetic pigments were estimated according to Wettstein (1957).

peroxidase activity was measured according to the method described by
Ferhrman and Dimond (1967).

Catalase activity was determined as described by Bach and Oparin
(1968) .

Determination of carbohydrates :
Total carbohydrates and total soluble sugars were determined according
to the methods by Dubois ef al (1956).

D-Mineral analysis :
a) Nitrogen:

Total nitrogen was determined colorimeterically in the acid digest
according to the method described by Yeun and Pollard (1952)
b)Phosphorus :

Total phosphorus was determined colourimeterically by hydrogen methed
described by Srell and Snell (1954).
c)Potassium :

Potassium was estimated in the acid digest by Flame
photometer according to the method described by A .0 .A .C (1995)
Calcium :

Calcium content was determined by using versenate method as
described by Jackson (1967) .

Sodium :

Sodium was determined by using the Flame photometer method as
described by A .0 .A .C . (1995) .

Statistical analysis :

The obtained data were subjected to statistical analysis using program
COSTAT 6.311 . The L.S.D test at 5 % level of propability was used to
compare the means of treatments according to Costat Software (1985) .

RESULTS AND DISCUSSION:
Photosynthetic pigments:

Data illustrated in (Table 1) indicate that under salinity levels ( EC 3 and
EC 6) a significant decrease in chlorophyll a, b, a + b and carotenoids was
obtained. This decrease was more pronounced with increasing salinity levels
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and the maximum decrease in this respect was noticed at rate of EC 6
salinity if compared with the control plants. '
These results are in accordance with those obtained by Borowski (2003)
on soybean plants , Hamada and Ahmed (2004) On broad bean plants and El-
Ghinbihi {(2007) who found that , a high significant reduction in the
concentration of photosynthetic pigments { chiorophyll a , b, a + b and
carotenoids ) were observed in response to salinity stress treatments pf pea
fants .
P All leveis of vitamin E and selenium caused a significant increase in
chlorophyit a, b, a + b and carotenoids concentrations in leaves of soybean
plants . The level of 100 mg. /I vitamin E caused more increase than that of
200 mg. A vitamin E, meanwhile 50 mg. /l selenium caused more increase
than that of 100 mg. /| selenium and the two levels of vitamin E applications it
compared with untreated plants.

These resuits are in harmony with those obtained by Yamani et at {2004)
who recorded that, pre- treated plants with ascorbate which scavenged H202 -
effectively suppressed the reduction of chiorophyll content and the
destruction of chloroplasts.

it was clear: that the interaction between the different levels of
antioxidants used under all salinity levels increased chlorophylla , b, a+b
and carotenoids , especially at rate of EC 3 salinity . The maximum increase
was noticed at selenium treatments more than vitamin E application if
compared with control plants, The increase in chiorophyll a, b, a + b and
carotenoids at antioxidants combined with rate of EC & salinity was less than
that of at rate of EC 3 salinity plus antioxidants and control plants, except the
ievel of EC 6 salinity plus level of 50 mg. /l selenium which caused a slight
increase in chiorophyt a, b, a + b and carotenoids compared to the controi
plants,

The obtained results are similar with those obtained by; Yamani et af
{2004) who revealed that salinity plus the application of anti{)xidants which
scavenged H202 and OH2, effetely suppressed the reduction of chliorophyll
content and the destruction of chioropiasts by NaCl. , and Munne {2005)
indicated that, Tochepherol (vitamin E} is the major vitamin compound found
in leat chloroplasts where it is located in the chloroplast enve\lope, thylakoid
membranes and plastogltbuli.
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Table (1) Effect of salinity, antioxidants, and their interaction on
photosynthetic pigments (mg/g D.W.} of soybean plants during
growiniseasons 2007 and 2008.

Treaf.mentsc aracters 45 days from sowing 50 days fron sowing
{Season 2007 )
i Antioxidants I Caroteno Cihl A+ E:roteno
Salinity Mgt ChlA | CHB A+B ids ChlA ChiB B ids
1.5 4.61 2.65 7.28 173 520 281 581 1.60
3 4,02 203 6.05 1.69 5.01 2.32 7.33 1.52
] 3.1 2.00 5.71 1.53 4.35 237 §.72 1.42
. 000 313 1.69 4.82 1.41 4.23 2.53 6.76 1.26
Vit 100 414 227 &.41 1.70 5.01 219 7.20 1.58
Vit 200 4.08 2.34 642 1.60 485 2234 6.99 1.45
Se 50 4.55 2.38 6.93 1.85 525 | 266 7.81 1.64
Se 100 4.58 2,39 6.95 1.71 5.08 2.44 752 | 144
15 4.05 1.87 5.92 1.49 4.81 2.65 7.46 1.39
Vit 100 462 3.13 7.75 1.88 5.50 263 [ 813 1.53
Vit 200 4,55 2.87 7.42 1.64 5.05 242 747 1.50
Se 50 558 299 8.57 1.83 5.60 130 8.50 1.58
Se 100 5.36 2.84 8.20 1.81 5.26 2.53 7.78 1.54
3 2.38 1.81 4,69 144 464 2.30 6.94 1.35
Vit 100 407 1.90 597 1.70 5.02 2.02 7.04 1.66
Vit 200 —I 4.01 2.05 6.06 1568 495 2.66 7.61 144
Se 50 4.14 1.95 6.09 1.93 5.11 2.19 7.30 168
Se 100 4.28 2.16 6.44 1.73 5.21 2.39 7.60 1.58
6 246 1.41 387 131 3.25 2.64 5.89 1.05
Vit 100 372 1.80 5.52 1.53 4.50 1.95 6.45 156
Vit 200 3.68 211 579 © 1.50 3.95 1.94 589 1.48
Se 50 394 2.19 6.13 1.69 5.04 2.8% 7.93 1.66
i Se 100 4.04 217 2.21 1.59 4.76 2,41 717 149
LSD Sal. 0.001 | 0.001 | 0.0001 0.001 8.001 0.011 0.012 0.001
5% Anti. 0.001 0.001 | 0.0001 0.011 0014 0.012 0.014 0.012
Iner, 0,341 0.211 3.319 0.015 0.223 0.190 0.233 0.016
{eason 2008}
Salini Antioxidants Chl Carotenoid Chi A+ Carotenoi
P ds”"‘; Hon cnia | cwe | M e chia | cws y e
| 1.5 471 269 7.40 1.82 5.36 2.82 8.13 234
3 .99 209 6.08 174 489 276 7.59 2.28
§ 3.53 1.89 5.42 1.56 4.39 237 6.76 220 -
000 3463 174 [ 477 163 4,05 244 8.44 195 |
Vit 100 4.25 2.38 6.63 1.67 4.95 2711 7.66 2.33
Vit 200 4.01 2.22 6.23 1.66 4.71 264 7.35 2.22
Se 50 4.59 243 7.02 1.86 563 271 8.31 2,43
Se 100 4.46 2.3 8.77 1.77 5.00 2.61 7.81 2.39
1.5 393 265 £98 1.76 4.89 275 7.64 2.04
Vit 100 5.02 3.07 8.09 1.81 573 294 8.67 249
Vit 200 446 281 7.27 1.79 513 279 7.92 237
Se 50 5.60 3.00 8.60 1.82 5.94 295 8.84 250
Se 100 541 2.88 §.29 1381 5.80 2.80 8.60 2.45
3 278 1.30 4.58 1.4% 374 2.38 612 2.02
Vit 100 402 207 6.09 1.86 4.94 278 1.7 2.29
Vit200 4.06 2.05 6.1 1.88 4.96 2.86 7.82 2,20
Se 50 422 2.09 6.31 1.94 513 | 2.58 7.74 241
| Se 100 4.07 2.08 613 1.78 507 | 282 7.80 2.39
[] 2.28 1.38 3.76 1.42 353 219 572 1.91
Vit 100 37 200 573 1.55 418 2.40 6.59 2,20
Vit 200 3.50 1.79 5.29 1.50 4.04 2.28 6.32 2.10
Se 50 3.96 221 617 1.82 583 2.59 8.42 240
Se 100 3.91 20 593 1.73 414 222 6.36 235
L..5.D Sal. 0011 0.001 § 0.012 0.001 0.013 0.002 0.014 0.011
5% Anti, 0016 | 0.018 | 0.015 b6.0t6 0.017 0.018 0.016 0.017
4
Iner. 0.235 | 0.412 | 0.299 0,123 14_ 0.13% 0.132 0.289 0.131 —
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Enzymes activi'y :

It was obvious from data presented in Table ( 2 ) that, salinity levels were
significantly effective in increasing peroxidase activity as the salinity levels
increased, the increase in peroxidase activity at level of EC 6 salinity was
more than that at rate of EC 3 salinity if compared with un-treated plants .
The activity of catalase enzyme was also significantly increased at the
different levels of salinity.

These results are in line with those obtained by Gharbanli et al/ (2004) on
soybean plants and Telesinki et al (2008) on bean plants , who indicated
that salinity levels increased the activities of peroxidase and catalse
enzymes in leaves .

it is observed from the same Table and that antioxidants application
increased the activities of peroxidase and catalase enzymes in leaves of
soybean plants at all levels of antioxidants compared to the control plants.
The highest increasie was observed at rate of 50 mg. /| selenium if compared
with other treatments and control plants, while the lowest one was obtained
at rate of 100 mg. /| vitamin E application.

These results are in harmony with those obtained by Bandeoglu et a/
(2004) on lentil and Djanaguiraman et al (2005) who mentioned that selenium
positively promoted and increased super-peroxidase and glutathione
peroxidase enzyme activities in soybean plants

The interaction between salinity levels and antioxidants application
caused s significant increase in the activities of peroxidase and catalase
enzymes under all levels of salinity plus antioxidants.

The highest increase in this respect was recorded at rat of 1000 mg./l
salinity plus 50 mg./l selenium application if compared with the control
plants.

The antioxidants may be work against the toxicity of salinity and may lead
to increasing of enzyme activities. These findings are confirmed with those
of Gharbanli et al (2004) on soybean plants and Djanaguiraman et a/ (2005)
who indicated that, selenium promoted the activity of enzymes in soybean
plants. The high level of salinity plus antioxidants increased the activities of
peroxidase and catalase more than that at the low level of salinity plus
antioxidants. Furthermore the interaction between salinity and selenium led
to more increase the activity of peroxidase and catalase than that salinity
plus vitamin E application in the leaves of the plant.

Proline:

Resuits recorded in Table (2) indicate that the salinity treatments caused a
significant increase in the concentration of praline in leaves of soybean
plants. The highest praline concentration was obtained at rate of 2000 mg./l
salinity if compared to the control plants .The accumulation of proline seem
to correlate with greater tolerance against salt stress . In a more general
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context, it could say that the formation of complete osmolytes such as
proline and betane, capable of stabilizing membranes and proteins, is
responsible for the increase in tolerance against saline stress.

These results are confirmed by those recorded by Ismail and Azooz (2000)
on faba bean, Fahad on pea and bean plants, and Cick ad Cakiiar (2008)
who stated that salinity treatments increased proline concentration in leaves
of soybean plants.

Data in the same Table indicate that, all levels of bo':h vitamin E and
selenium significantly increased proline concentration in {:aves of soybean
plants and the increase by selenium application was proncunced more than
that by vitamin E treatments. The highest increase of proline concentration
was recorded at level of 50 mg. /l selenium application.

These findings are in agreement with results obtained by Djanaguiraman
et al (2005) and Fahad (2007) who reported that, vitamin E as antioxidant
increased proline concentration in leaves of pea seedlings.

It was observed from the obtained resulfs in the same Table that, the
interaction between salinity levels and antioxidants aprglication caused a
significant increase in proline concentration in leaves of soybean plants.

The increase by application salinity at rate of 10060 mc¢. /I plus vitamin E
was closed to the increase by selenium levels. The lower increase in proline
 concentration was recorded .at rate of 1000 mg. /l salinity plus 100 mg. /l
selenium, meanwhile the highest increase was observed a: rate of 1000 mg. /
salinity plus 50 mg. /1 selenium . Such increase in protective osmolyte
(proline) was insufficient to protect seedling against dainage. Tocehpherol
(vitamin E) belong to compounds that can play diffetent roles in plant
metabolism, and can play also important roles in ameliorztion of biotic and a
biotic stresses.

Djanaguiraman et a/ (2005) on soybean plants and Hussein et al (2007)
recorded that, Tochepherol (vitamin E ) as a antioxidant which defense
against free radical damage of cowpea plants .

Carbohydrates:

The obtained results presented in Table (3) indicate that all salinity levels
reduced the concentration of total carbohydrates and soluble sugars in
roots, stems and leaves of soybean plants. This reduction was higher in
leaves than that in roots and stems at the high level of salinity (EC 6).

The obtained results are in accordance with those obtained by Cho- Jin
Woong et al (2002) who found that , salinity decreased sugars and starch
contents of soybean plants . In addition Hamada and Ahmed (2004) on broad
bean plants and Namich et al (2008) revealed that, salinity treatments
reduced total soluble sugars in leaf of cotton plants.
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Table (2): Effect of salinity, antioxidants, and their interaction on proline and
enzymes: activity of soybean leaves during the growing seasons
2007 ancl 2008.
{season 2007)

o
Characters . .
Treatments 45 days from sowing 60 days from sowing
Salinity Antioxidants rotine Peroxidas { Catalase Proline Peroxidas | Catalase
EC (dSm) Mg./1 Leucine/gD | O.D/g fwt. 0.D/g leucine/gD | O.D/g fwt. 0.D/g
fwt. fwt.
1.5 799.17 1.30 10.77 805.55 1.55 11.18
3 800.81 1.48 11.69 864.10 177 12.99
6 861.26 1.59 12.17 865.07 1.83 14.23 |
000 820.03 1.25 9.47 824.30 1.48 10.93
Vit 100 829.03 1.40 11.20 832.22 1.76 12.73
Vit 200 827.28 1.34 10.66 828.76 1.70 11.93
Se 50 860.23 1.66 13.56 867.58 1.83 14.33
Se 100 858.68 1.62 12.80 860.18 1.82 14.07
1.5 748.93 117 8.00 758.01 1.36 9.00
Vit 100 760.15 1.20 10.30 764.21 1.59 10.70
Vit 200 75820 10.19 10.10 759.96 1.58 10.30
Se 50 853.42 1.48 12.90 858.50 1.60 12.40
Se 100 850.92 143 11.80 861.19 1.59 12.30
3 855.48 1.24 9.90 859.22 1.47 11.10
Vit 100 864.56 1.40 11.30 863.71 1.82 13.20
Vit 200 861.29 1.37 10.90 858.90 1.76 12.30
Se 50 865.11 1.67 13.80 869.52 1.90 14.70
Se 100 860.84 1.64 12.90 847.29 1.88 14.30
6 855.89 135 10.50 855.68 1.61 12.70
Vit 100 862.48 1.51 . 12.00 868.71 1.83 14.30
Vit 200 861.37 1.46 11.10 867.40 1.78 13.20
Se 50 864.59 1.83 14.10 874.32 1.97 15.90
Se 100 863.01 1.78 13.70 872.40 1.96 15.60
L.SD5% Sal. 20.001 0.010 1.01 20.001 0.001 0.011
Anti. 20.072 0.010 1.02 21.001 0.011 0.101
Iner. 20.100 0.224 1.50 20.030 0.502 48
{season 2008)
Salinity Antioxidants Proline Peroxidas | Catalase Proline Peroxidas | Catalase
EC(dSm) Mg.J/1 Leucine/gD | O.D/g fwt. 0.D/g Leucine/gD | 0.D/g fwt. 0.D/g
fwt. fwt.
1.5 800.00 1.31 10.72 807.88 1.57 10.69
3 863.73 1.44 11.84 866.39 1.75 13.24
6 856.83 1.59 12.48 870.47 1.81 14.07
000 825.44 1.25 9.87 830.44 1.46 11.07
Vit 100 830.3¢ 1.37 11.30 230.79 1.72 12.63
Vit 200 817.07 135 10.73 830.13 1.71 11.87
Se 50 858.50 1.66 13.70 876.38 1.84 14.30
Se 06 362.67 1.58 12.80 §66.38 1.8% 13.73
1.5 754.63 117 8.65 759.00 1.34 8.70
Vit 100 759.71 1.21 10.20 763.15 1.61 10.40
Vit 200 752.43 1.20 9.70 758.08 1.59 10.70
Se 50 857.02 1.50 12.70 878.47 1.64 12.70
Se 100 858.28 1.44 11.30 858.90 1.63 12.10
3 263.30 1.25 10.00 867.40 1.47 11.76
Vit 100 862.88 1.39 11.40 856.57 1.83 13.40
Vit 200 859.53 1.37 10.80 865.16 1.76 12.70
Se 50 868.38 1.64 14.10 872.27 1.89 14.90
| Se 106 864.00 1.56 13.70 870.39 1.85 14.20
6 858.37 1.35 10.90 864.80 1.58 12.80
Vit 100 868.29 1.52 12.30 872.86 1.72 14.10
Vit 200 839.26 1.47 11.70 867.18 1.78 12.90
Se 50 850.10 1.83 14.30 875.44 1.98 15.30
Se 100 865.75 1.74 13.40 871.68 1.96 14.90
LSD5% Sal. 21.01 0.01 1.01 20.21 1.01 1.03
Anti. 20.59 0.11 1.12 20.19 1.13 1.11
iner. 21.24 0.13 1.23 21.28 1.64 1.45
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Table (3): Effect of salinity, antioxidants, and their interaction on total
carbohydrates and soluble sugars ( mg/g D.W.) during growing 2007.

(45 day from sowing) .
Total carbohydrates (mg/g D.wt.) Soluble sugars (mg/g D.wt.}

:g('g;gﬂ A"t'ﬁ;'ﬁams Roots Stems Leaves Roots Stems Leaves
15 103.95 126.46 119.06 51.50 61.13 58.85
3 98.96 121.67 112.60 50.24 58.64 56.41
[ 91.34 116.35 106.77 64.20 49.63 53.46
000 83.87 113.19 101.38 42.97 50.17 49.91

Vit 100 99.82 124.31 114.41 50.26 57.90 57.29

Vit 200 97.39 119.28 110.84 49.48 57.09 56.64

Se 50 106.42 127.26 121.87 52.25 59.20 59.38

Se 100 102.95 123.61 115.45 5171 | 57.98 57.97

15 96.88 120.31 110.94 4843 | 57.82 55.47
Vit 100 106.25 129.69 118.75 52.34 “ 62.50 59.38

Vit 200 103.13 123.44 115.63 51.56 l 61.72 58.59

Se 50 110.94 131.25 126.56 53.91 | 64.08 60.94

Se 100 107.81 126.56 123.44 53.13 63.28 60.16

3 81.25 114.06 98.44 42.97 48.44 48.44
Vit 100 101.56 123.44 114.06 50.78 60.94 57.81

Vit 200 98.44 118.75 112.50 50.00 60.16 57.03

Se 50 106.25 126.56 120.34 5234 | 61.72 59.38

Se 100 104.69 125.00 117.19 51.56 66.94 58.86

6 68.75 ~1106.25 95.31 37.50 43.75 44.53
Vit 100 93.75 117.18 109.28 47.65 50.00 54.60

Vit 200 90.63 114.06 104.69 46.88 49.21 54.58

Se 50 100.0 123.44 118.75 50.00 51.56 57.81

Se 100 95.31 118.78 106.25 47.92 50.78 54.69

1.5.D 5% Sal. 2121 2.013 2.001 1.220 1.002 1.110
Anti. 2.110 211 2.212 1.210 1.470 1.330

Iner. 2,213 2.330 2.874 1.350 1.450 1.480

(60 days from sowinﬂ

Esé‘&';?y Antﬁ;{%ants Roots Stems Leaves Roots j Stems Leaves
1.5 116.11 134.37 124.88 5291 | 66.30 63.04
3 112.60 130.42 121.28 51.30 64.79 60.36
6 103.12 124.06 115.83 48.07 59.89 57.86
000 97.57 116.49 107.46 45.40 58.33 53.47

Vit 100 112.33 132.29 122.92 5112 63.97 60.94

Vit 200 110.42 128.30 118.79 50.60 62.58 60.92

Se 50 147.82 138.89 129.69 54.25 67.70 64.50

$e 100 114.93 132.12 123.96 52.60 65.71 62.67
1.5 109.38 123.44 118.75 50.00 61.72 60.16
Vit 100 115.63 134.38 126.56 53.13 85.63 62.50

Vit 200 114.06 131.25 121.88 52.34 64.84 60.72

Se 50 121.88 142.19 132.81 55.47 70.31 65.63

Se 100 118.75 139.06 129.69 54.89 69.53 64.84

3 98.44 115.63 104.69 54.31 58.37 51.56
Vit 100 114.06 132.81 123.44 51.56 64.84 60.94

Vit 200 112.50 129.69 120.31 50.78 63.28 60.90

Se 50 120.31 137.50 131.25 53.91 67.19 64.06

Se 100 117.19 134.38 125.00 53.12 66.41 63.28

6 84.38 109.38 98.44 39.84 63.13 48.43
Vit 100 106.25 128.13 117.19 48,44 60.94 59.38

Vit 200 104.69 123.44 115.63 47.6¢, 58.59 58.59

Se 50 110.94 134.38 128.13 52.34 64.84 63.28

Se 100 107.81 121.88 117,19 49.2) 60.94 59.38

L.S.D 5% Sal. 2330 1.999 2.132 1.01) 1102 1.111
Anti. 2121 2111 2.122 1.10) 1.105 1.123

Iner. 2.543 2.441 2.542 1.443 1.451 1.551
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. Data in the same Table indicate that, the concentration of total
carbohydrates and soluble sugars significantly increased by application of
all levels of antioxidants . The increase by the two levels of vitamin E
application was less than that of the two levels of seienium in roots stems
and leaves of soybean plants if compared to the controi plants. The highest
increase in total carbohydrates and soluble sugars was recorded at rate of 50
mg. /l selenium, whereas the lowest one was recorded at rate of 200 mg. /!
vitamin E if compared with the control plants.

These results are in agreement with those obtained by Ismail and Azooz
(2002) who revealed that, application of antioxidants (vitamin pyroxene) on
Vicia faba enhanced the production of carbohydrates.

It can be noticad that , the concentration of total carbohydrates and
soluble sugars was significantly increased in different organs of soybean
plants treated with antioxidants under low level of salinity { EC 3) if compared
with the control plants and soluble sugars was less than that those obtained
at rate of 100 mg./I vitamin E if compared to the control .

The highest increase in this respect was observed at rate of EC 3 salinity
plus 50 mg. /I selerium more in stems and leaves than roots of the plants if
compared with the control plants.

- From the same Table . it can be noticed that, the interaction between rate
of EC 6 salinity and all levels of antioxidants (vitamin E and selenium) caused
a decrease in total carbohydrates and soluble sugars in roots, stems and
leaves of soybean plants except rate of EC 6 salinity plus 50 mg. /I selenium
which caused a slight increase in these values in different organs of the
plants if compared to the control plants.

The increase in total carbohydrates and soluble sugars were recorded
under salinity condiions and antioxidants i. e. vitamin pyroxine B6 of vicia
faba plants was recorded by many authors among them Ismail and Azooz
(2002), Hussein et al (2007) who found that, the interaction hetween vitamin
E and salinity increased photosynthetic pigments which lead to an increase
in photosynthetic rate and consequently accumulation of carbohydrates of
cowpea plants.

Mineral analysis:
a-Nitrogen (N):

The concentration of Nitrogen in different plant organs of soybean plants
was obtained in (Tab'e 4) showed a significant decrease at all treatments of
salinity.

The two levels (EC 3 and EC 6) decreased the content of nitrogen in roots,
stems and leaves of soybean plants. Salinity at the level of EC 6

gave the highest dacrease of nitrogen concentration in different organs of
the plants as compared with the control plants.
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Table (4) Effect of salinity, antioxidants, and their interac:ion on mineral
composition (%) of soybean plants at 45 days during growing
seanson 2007.

= ,
TroaE— N % P% K% . Na% Ca%

Sal.E | Anti. .
Cc Mg./1 . ‘
(ds Ro. (St. {Le. JRo. |St. |Le. JRo. (St. |[Le. JRo. | St. L2. §Ro. | St Le.
m) L _~ ]
15 1.66 [ 1.77 | 2.47 §0.27 |0.37 [0.57 §1.49 | 2.35 | 3.07 §0.51°[0.40 | 0.44 §1.50 |1.45
3 1.46 {1.64 [2.21 §0.25 |0.34 | 0.53 §1.25 {1.88 |2.79 §0.72 1 0.68 .} 063 J1.55 {1.51 | 1.51
6 1.18 11.39 [1.74 J0.20 | 0.31 {0.46 §1.09 | 1.67 |2.07 J0.80 {0.69 | 074 J1.55 |1.54 |1.61
0 1.66
000 0.97 11.17 [ 1.44 §0.01 {0.27 10.40 §1.15 |1.86 | 2.56 J0.74 [0.65 | 068 }1.45)1.44 |1.49
Vit 100 {1.46 {1.63 [ 2.20 }8 0.51 [1.27 [2.00 {2.60 §0.67 |0.59 | 0.60 §1.56 11.50 | 1.61

Vit 200 11.35 {1.57 [ 2.08 §0.25 (.35 [0.48 §1.22 }1.93 |2.67 §0.69 {061 ; 0.63 11.54 [1.48 | 1,59
Se50 |1.751.86 [2.54 §0.23 {0.34 | 0.62 }1.44 12.13 12,80 §0.61 ;0.51 | (.54 [1.58 [1.55 | 1.65
Se 100 |1.57 |1.66 {2.36 §0.28 10.37 1 0.56 §1.36 12.06 | 2.72 §0.64 [0.54 | (.58 }1.55 |1.53 |1.64
0.26 10.35

1.5 1.26 {1.40 [1.57 §0.23 {0.32 | 0.48 §1.34 [2.25 [3.12 0.52 {0.43 | (.49 J1.40 {1.40 | 1.42
Vit100 }1.61 | 1.82 |2.52 §0.30 {0.38 {0.55 11.48 12.40 [3.07 J0.46 {0.37 | 1.43 §1.50 {1.45 1 1.50
Vit 200 |1.54 (1.75 |2.38 10.27 1 0.36 }0.52 J1.42 |2.33 {3.01 §0.49 [ 0.40 | 11.46 }1.51 |1.43 |1.46
,,S5e50 11.8911.96 12.66 §0.32 [0.40 (0.69 §1.68 |2.59 | 3.29 10.43 |0.34 | .40 {1.59 |1.50 | 1.60

Se 100 [1.82 11.89 |2.59 §0.29 [0.39 |0.64 §4.61 {2.50 | 3.17 §0.46 10.37 | ).43 11.55 {1.46 | 1.59

3 0.91 11.26 |1.47 §0.19 {0.28 {0.39 }1.12 {1.79 1265 §0.78 {0.75 | )71 [1.45;1.43 |1.49
~|Vit100 | 1.47 {1.68 |2.31 §0.26 10.35 | 0.52 §1.26 {1.88 | 2.67 §0.71 [0.68 | )64 }1.58 |1.52 |1.65
Vit 200 | 1.40 | 1.61 {2.17 §0.24 {0.34 | 0.50 §1.20 | 1.82 | 2.80 §0.75 (0.71 | 0.68 }1.55 | 1.50 [1.63
Se50 {1.75(1.82 12.52 }10.30 | 0.38 [ 0.64 §1.39 [1.98 | 2.96 }0.68 | 0.61 | 0.58 §1.59 {1.57 | 1.66
Se 100 11.68 |1.75 | 2.45 §0.28 | 0.35 | 0.56 11.32 |1.93 | 289 J0.75 {0.64 | 0.61 31.57 |1.55 | 1.65
6 0.70 {0.84 | 0.98 §0.12 | 0.26 {0.34 §0.98 {1.52 {1.92 §0.92 1 0.78 | 0.81 [1.50 [ 1.49 | 1.55
Vit 100 | 1.19 [ 1.33 {1.68 §0.20 {0.32 |0.46 }1.06 |1.69 {2.05 §0.81 { 0.74 | 0.75 1160 1.55; 1.69
Vit 200 |1.05 | 1.26 | 1.61 §0.19 | 0.31 0.43 §1.04 | 1.64 | 2.20 }0.85 | 0.75] 0.78 §1.58 | 1.50| 1.67
Se50 11.54 {168 {2.31 }0.23 | 0.34 |0.54 §1.24 [ 1.82 |2.15 §}0.71 | 0.59 | 0.68 §1.57 | 1.59| 1.70
Se 100 }1.12 11.33 1.68 §0.22 10.32 {0.49 §1.16 {1.73 |2.10 §0.75 | 0.61 | 0.71 §1.54!1.57 | 1.69

These results are similar with those obtained by Essa (2002) and Redendo
et al (2007) who revealed that salinity in the range of 0-700 mol/m NaCl
decreased nitrogen concentratlons with increasing salinity in Atriplex
portulacoids plants .

The applications of all levels of antioxidants significz ntly increased the
concentrations of nitrogen in roots, stems and leaves of soybean plants, The
selenium application recorded more increase than that of vitamin E
treatments. On the other hand, the highest increase in nitrogen
concentrations was observed at level of 50 mg/i selenium.

It is clear that the interaction between salinity and ant oxidants increased
nitrogen concentrations in roots, stems and leaves of soybean plants. This
increment was more pronounced at rate of EC 3 salinity plus antioxidants
than that at rate of EC 6 plus 50mg/l selenium in leave:; more than that in
roots and stems of the plant.

Treating plants with high levels of salinity plus all levals of vitamin E and
selenium decreased the concentrations of nitrogen in all organs of the plants
except rate of EC 6 salinity plus 50 mg/l selenium which ead to increasing it.
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The increase of nitrogen may be due to the application of antioxidants which
reduce the injurious effect of salts.

b-Phosphorus (P):

Results obtained in Table { 4 ) recorded that all salinity levels significantly
decreased phospliorus concentrations sharply in roots then that in stems
and leaves of soybean plants at all samples dates when compared to the
control plants .

The reduction of phosphorus concentrations at high level of salinity was
more than that at low level of salinity. This reduction of phosphorus
concentrations in the organ of the plant may be due to toxicity of salts and
raising the soil os notic pressure or to increasing soil - PH which lowered
the ability of phosiphorus concentration (Russell, 1973) additionally (Daw,
1982) and EI-Ghinbihi (2007) who found that salinity levels (60 and 120 mM of
NaCl) in root media decreased phosphorus concentrations in pea leaves
compared with con-rol plants.

The levels of stlenium increased phosphorus concentrations than that
vitamin E applicaticn and the highest increase occurred at 50 mg/l selenium
in all organs of the olants if compared to all treatments or control piants. The
lowest increase in phosphorus concentration was observed at the level of
200 mg /1 vitamin E compared to all treatments and controi plants.

It can be noticed that the combination between salinity and all antioxidant
levels increased phosphorus concentration in roots, stems and leaves of
soybean plants and this increase was clear at rate of 1000 mg/l salinity in
combination with all level of antioxidants. Meanwhile the high level of salinity
(EC 6) plus all antioxidant levels decreased phosphorus concentrations
except the level of 50 mg/i selenium caused a slight increase in all organs of
the piant, and the bast increase in phosphorus concentration was recorded
at rate of 50 mg/l sele¢nium under EC 3 salinity.

These results are in agreement with recorded by Ei-Ghanam (2004) who
revealed that, selenium application resulted in a significant increase in
phosphorus concentration of soybean plants. In addition Sakr et al (2008)
indicated that saliniy stress at levels of (4000 and 6000 mg/l decreased
phosphorus concentration of wheat plants.

c-Potassium (K):

Data presented in Table (4) show that, there was a remarkable reduction in
potassium concentration in roots, stems and leaves of soybean plants with
increasing salinity leveis. In this respect the highest decrease was observed
at rate of EC 6 salinity in all sample dates compared to the contro!l plants.
This reduction in potassium concentration may be due to the high osmotic
pressure in soil solution which may decrease the absorption of potassium.
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These results are in agreement with those obtained Essa -2002) on three
soybean cultivars, EI-Ghinbihi (2007) and Redondo (2007) whao revealed that,
salinity in range of 0-700 mollm NaCl caused a sharply decreased in
potassium concentration of Atriblex portulacoides plants.

Potassium concentrations in roots, stems and leaves of soybean plants
tended to increase when antioxidants applied at all levels as compared with a
control plant. Selenium application cause more increase in potassium
concentration than that of vitamin E application.

The highest increase in this respect was observed at 5( mg/l selenium
application and the lowest one recorded at rate of 200 mg/l vitamin E if
compared with control plants.

The interaction between the low level of salinity (EC 3) combined with ali
antioxidants had a positive effect on potassium concentration. The increase
in potassium concentration was more pronounced at seletiium application
than that in vitamin E treatments. The highest increase was observed at EC 3
salinity plus 50 selenium if compared with the control.

The increase in potassium concentration due to the antioxidants
application may be due to that antioxidants may decreas: or prevent the
toxicity of salinity on the uptake of potassium.

These findings are similar with those obtained by Essa (:!002) on soybean
plants. »

Furthermore sodium uptake causes plasma membrane depolarization
leading to activation of outward rectifying potassiuni channels and
consequent potassium loss (Shabala et al, 2003) and (Shatala et al 2005).

d-Sodium (Na):

Data recorded in Table (4) indicate that sodium co>ncentration was
increased with increasing salinity levels in roots than stems and leaves of
soybean plant. The highest increase was recorded at the lesel of EC 6 salinity
in all sample dates if compared with the control plants This increase in
sodium concentration may be due to the rising of osmotic pressure of root
cell causing more absorption of minerals. '

These results are in harmony with those obtained hy Essa (2002) on
soybean, Dabuxiiatu and lkede (2004) on soybean plants iind Redondo et al
(2007) who stated that salinity in the range of 0-700 mol/m NaCl increased
accumulation of sodium concentrations in Atriplex portula:oides plants.

it can be conciuded that, all levels of antioxidants decreased sodium
concentration in roots, stems and leaves of soybean plints. This decrease
was more pronounced at rate of 50 mg/l selenium then 10} mg/l selenium and
100 mg/l vitamin E. The highest decrease was observed at rate of 50 mg/l
selenium if compared with all antioxidants treatments. This decrease in
sodium concentrations may be due to that antioxidants may prevent more
absorption of sodium.
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The interaction between EC 3 salinity with all antioxidants level increased
sodium concentrittion in roots, stems and leaves of soybean plants and this
increase was more at vitamin E application than that of selenium treatments.

The best increase was observed at rate of EC 3 salinity plus 200 mg/l
vitamin E if compared with the control plants. Also high level of salinity (EC
6) plus all antioxiiants level lead to more increase in sodium concentration
in roots, stems znd leaves. The highest increase was observed at EC 6
salinity plus 200 mg/l vitamin E.

Tavori et al (2004) indicated that salinity levels increased sodium
concentrations mare in stems than in leaves of broad bean plants.

The significant increase in sodium concentration in soybean plants may
be a resuit of salt toxicity leading to cell hydration and membrane
disfunction. Such disturbances in ionic and osmotic balance would inhibit
essential metabolic: pathway leading to reducing plant growth (Sumithra et
al, 2006).

it is clear that antioxidants may be reducing the injurious effect of salts
(EC 3 and EC 6) and consequently decrease the absorption of sodium
{Sheteawi, 2007) on soybean plants.

e-Calcium (Ca):

As for the effect »f salinity , it is evident from the results obtained in Table
{(4) that the calcium concentration was significantly at all salinity levels in the
different organs of the plant and the increase was more in leaves than in
roots and stems of ;soybean plants. In this respect the highest increase was
recorded at rate of EC 6 salinity at all sample dates compared with the
control plants.

These findings are similar to those obtained by Hammad (2000) who
indicated that salinity levels increased calcium concentration in shoots of
sweet basal plants and Dabuxilata and lkeda {2004) who recorded that
salinity (NaCl + CaCi2) levels increased calcium concentration in soybean
plants.

There was a remarkable increase in calcium concentration of roots, stems
and leaves of soybeun plants at all antioxidants (vitamin E and selenium )
levels. This increase \vas more at selenium than that in vitamin E application.

The highest increase in this respect was recorded at rate of 50 mgll
selenium. These increments due to the antioxidants application which may
be scavenge or preveit the free radicals which destroy the cell walls.

Vitamin E is consiidered as major antioxidants in biomembranes and
protects lipids membrane from photo-oxidation (Michal et af, 2005) on
Arabidobsis thaliana.

As for the effect of interaction between salinity and antioxidants, it is clear
from the data recorded in the same Table and figure that, antioxidants had a
marked effect on caicium concentration in roots, stems and leaves of
soybean plants. In this concern all levels of antioxidants under salinity
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resulted in increasing calcium concentration in the different organs of the
plant at all level of salinity plus antioxidants.

The increase of calcium concentration at selenium application was more
pronounced than that of vitamin E treatments. The highest increase in this
respect was at rate of EC 6 salinity in addition to 50 mg/l selenium in the
different organs of the plant if compared with the control.

These resuits are in line of those obtained by Hartikainen et al (2000)
demonstrated that low concentrations of selenium acts as an antioxidants
and can stimulate the plant growth also Hussein et al (20(7) indicated that
vitamin E {Tochephrol) as antioxidants and the most prom nent of which is
protection of polyunsaturated fatty acids of lipid peroxidation by quenching
and scavenging a various reactive oxygen radicals and reduced the effect of
salinity stress.
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