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Abstract: The aim of this research was to assess the influence of saline irrigation water which prepared to obtain salt stress of 0.31,
3.21, 5.74, 8.28 and 12.86 dS/m on seed germination, and early seedling growth of 10 cultivars (Giza 123, 124, 125, 126, 127, 129,
130, 134, 135 and 2000) of Egyptian barley grown in clay loam soil. Germination was tested in germination cups filled with clay
loam soil moistened with different concentrations of saline water, in the growth chambers condition. Results indicated that, the
highest values of germinated seeds were recorded mainly at fresh water (0.31 dS/m) at all germination periods. Also, the maximum
values were recorded at investigated barley cultivars Giza 126, 127 and 2000 for three studied periods (3, 5 and 7 d), while Giza 129,
130 and 135 got the same trend where the highest values for germinated seeds attained at the 5 d, 7 d and at 3 d were 9.5 seeds,
respectively. Barley cultivar Giza 126 had significantly higher root length (4.07 cm), shoot length (11.75 cm), root fresh weight (48.2
mg), shoot fresh weight (101.1 mg), root dry weight (7.1 mg), shoot dry weight (6.6 mg) and seedling vigor index (13.44). The 6 kDa
protein bands had the same increasing after salt stress in cultivars Giza 123, 127, 129, 134 and 135. Barley cultivars in clay soil can be
classified into barley cultivars Giza 126, 127 and 2000 as highly tolerance and barley cultivar Giza 129, 123 and 127 as moderately
tolerance and the rest is less.
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1. Introduction Na“ and CI' on the germinating seed [6]. Seed

o ) o ) ) germination is one of the most fundamental and vital
Crop production in arid and semi-arid regions is ) )
) ] o ) ) phases in the growth cycle of plants that determine
restricted by soil salinity and soil moisture i .
o . ] L ] plant establishment and the yield of the crops.
deficiencies. Salinity in soil or irrigation water is the . o
] o ) Salinity has many-fold effects on the germination
major limiting factor for crop growth in many : .
) process: it alters the imbibitions of water by seeds due
regions of the world [1, 2]. Salt stress at any stage of . ) L. .
] ) o to lower osmotic potential of germination media [7],
crop growth can cause an irreversible loss in yield . ) .
L ) . causes toxicity which changes the activity of enzymes
potential in many crops including barley [3, 4]. ) . ) )
o ) of nucleic acid metabolism [8], alters protein
However, seed germination and seedling . .
) ] ) metabolism [9] and reduces the utilization of seed
establishment are the periods when barley is most .
o o reserves [10]. It may also negatively affect the ultra
sensitive to salinity [5]. )
o ) . structure of cell, tissue and organs [11]. However,
Germination and seedling growth are reduced in . )
) ] ) ) ] there are wvarious internal (plant) and external
saline soils with varying responses for species and ) .
] o o (environmental) factors that affect seed germination
cultivars. Salinity may also affect the germination of . . o
] ] ) under saline conditions which includes nature of seed
seeds by creating an external osmotic potential that )
. coat, seed dormancy, seed age, seed polymorphism,
prevents water uptake or due to the toxic effects of . . .
seedling vigor, temperature, light, water and gasses

12].
Corresponding author: Farid Hellal, professor, research [12] ) ) ) )
fields: plant nutrition and soil fertility. Rapid and uniform field emergence is vital for
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achieving maximum yield and quality of annual crops
[13] such as barley. Under salinity conditions,
exogenous application of plant growth regulators
(PGRs) may overcome much of the internal PGR
deficiency and mitigate salinity-induced inhibitory
effects [14]. The present study was, therefore,
undertaken in order to compare the effects of
iso-osmotic stresses induced by irrigation water
salinity on germination components of Egyptian

barley cultivars grown in clay loam soil.
2. Materials and Methods

This study was carried out as a factorial experiment
based on completely randomized design (CRD) with
three replicates at the growth chamber of Plant
Biotechnology Department, National Research Centre,
Egypt.

Treatments comprised five salt stress levels and 10
barley cultivars brought from Barley Department,
ARC, Egypt. The barley cultivars (Giza 123, 124, 125,
126, 127, 129, 130, 134, 135 and 2000) were
subjected to saline water varying in salinity levels.
Saline water treatments were: tap fresh water (0.31
dS/m, as control), 3.21, 5.74, 8.28 and 12.86 dS/m.
Ten barley seeds were sown in germination cups (5
cm length x 10 cm diameter) filled with 200 g clay
loam soil moistened with different concentration of
saline water, in the growth chambers. Growth chamber
conditions were 23 °C day/18 °C night, 16 h/8 h
light/dark photoperiod, 60% humidity, photon flux
density and 400 pmol/m’s photo synthetically active
radiations. Soil moisture content was kept at needs
amount of field capacity during the period of the
experiment. Germinated seeds were counted every 2 d
for 8 d. Seeds were considered germinated when 2
mm of the parties was visible. At this stage,
germination component was calculated according to
Ref. [15].

Germination percentages (G%) were calculated as
total number of germinated seeds by total number of
seed used into 100. Germination rate (GR) was

calculated as the summation of newly germinated
seeds on each day divided by number of days that
elapsed since onset of imbibitions with seed numbers
adjusted to a base of 100. The seedling vigor index
(SVI) was calculated as shoot and root length into
germination percentage divided by 100.

Root length, shoot length, root fresh weight, shoot
fresh weight, root dry weight and shoot dry weight
were evaluate. Root: shoot ratio was calculated as root
length divided by shoot length into 100. Root and
shoot dry weight was obtained after drying at 70 °C
for 48 h. Tissue water content (TWC) was calculated
as shoot fresh weight minus shoot dry weight divided
by shoot fresh weight into 100.

2.1 Protein Extraction

The extraction for total soluble protein was done as
suggested by Larkindale and Huang [16]. A 0.5 g of
leaves was harvested and ground to a fine powder in
liquid nitrogen. Ground powder was homogenized in
1.5 mL of cold phosphate buffer (100 mM, pH 7.0)
containing 1% polyvinylpyrrolidone (PVP) and 1 mM
EDTA and then centrifuged at 4 °C for 15 min at
10,000 x g. Protein present in the supernatant was
measured by a modification of the Bradford method [17]
using crystalline bovine albumin to establish a standard
curve. The supernatant was separated and stored at
-20 °C till use.

2.2 Poly Acrylamide Gel Electrophoresis of Proteins

SDS-PAGE was described by
Laemmli [18]. Protein samples were prepared by

performed as

mixing with equal volume of 2 x sample buffer (100
mM Tris-HCI, pH 6.8, 4% SDS, 20% glycerol, 4%
B-mercapto ethanol, 0.01% bromo phenol blue).
boiled for
Electrophoresis was carried out first at 50 V for proper

Samples 5 min prior to loading.
stacking and then at constant voltage of 100 V to
resolve the gel. Electrophoresis was carried out using
vertical gel electrophoresis apparatus (Bio-Rad) with

glass plates 9 cm x 10 cm with 1.5 mm spacer. Glass
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plates, spacers, combs and buffer reservoirs of the gel
apparatus were thoroughly cleaned with detergent,
rinsed and dried. A monomer solution for the
appropriate resolving gel was prepared by combining
all reagents, except ammonium per sulfate and
TEMED. Then APS and TEMED were gently mixed
into monomer solution and the mixture was poured
between the gel plates with the help of a pipette up to
the mark delimiting the resolving gel. It was
immediately over layered with distilled water.
Polymerization was achieved in approximately 30 min
at room temperature. Gels were either electro blotted
the membrane (Hybond-C,
Amersham, England) stained with 0.25%
Coomassie Blue R-250.

The data were statistically analyzed according to
Ref. [19]. The least significant differences (LSD) were
used to compare differences among treatment means
at 5% level.

onto nitrocellulose

or

3. Results and Discussion

The initial soil physical and chemical properties and
irrigation water treatments and its properties were
shown in Tables 1 and 2. The irrigation water salinity
used in the range from fresh water (0.31 dS/m) up to
very high salinity (12.86 dS/m). The soil used in the

experiment was clay loam in texture, alkaline in
reaction, saline (4.5 dS/m) in soil paste and high in

calcium carbonate content.
3.1 Number of Germinated Seeds

Table 3 and Figs. 1 and 2 presented the effect of the
investigated barley cultivars and water salinity (0.31,
3.21, 5.74, 8.28 and 12.86 dS/m) on the germinated
seeds at different periods (3, 5 and 7 d) length of the
root and shoot at the end of the germination test and
root/shoot percentage as well as final germination rate
and percentage.

Regarding to the germinated seeds at different periods
(3, 5 and 7 d), data indicated that the highest values
were recorded mainly at fresh water (0.31 dS/m) at all
periods under examined barley cultivars. Also, the
maximum values were recorded at barley cultivars
Giza 126, 127 and 2000 for three studied periods,
while Giza 129, 130 and 135 got the same trend where
the highest values for germinated seeds attained at the
5d,7 d and at 3 d were 9.5 seeds, respectively.
According to the effect of investigated barley cultivars
on the germinated seeds at different periods, data in
Table 3 illustrated that after 3 d , Giza 126 got the
highest value while after 5 d Giza 127 (9.2), Giza
135 (9.1) and Giza 126 (9.0) recorded the maximum

Table 1 Irrigation water properties used in the experiment.

Electrical ~ Sodium Osmotic Cations (me/L) Anions (me/L)

conductivity adsoption  pressure

(dS/m) ratio (%) (bar) Na K Ca Mg CO, HCO;4 cl SO,

0.31 2.46 -0.11 2.44 0.19 1.61 0.35 0.00 2.07 3.42 0.71

3.21 14.40 -1.16 25.33 0.23 4.27 1.92 0.00 3.38 29.30 1.30

5.74 17.61 -2.07 4421 0.34 8.58 4.02 0.00 4.73 53.70 2.20

8.28 21.09 -2.98 67.05 0.43 15.10 5.12 0.00 6.08 83.10 391

12.86 26.73 -4.63 98.74 0.54 19.87 7.43 0.00 16.76 95.66 7.23

Table 2 The physicochemical properties of experimental soil.

Textural class % Sand % Silt %Clay  pH EC (dS/m) (1:5) CaCO,%  Oreani
matter %

Clay loam 44.80 22.40 31.71 8.3 0.97 9.87 2.16

Cations (me/L) Anions (me/L)

Na K Ca Mg COs HCO;4 Cl SOy

4.75 0.31 2.11 2.05 0 1.34 4.62 3.26
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Table 3 Germination rates and plant length as affected by water salinity in clay soil.

. Water salinity Number of germinated seeds at ~ Plant length (cm/plant) Root:Shoot Germination
Barley cultivars .
(dS/m) 3d 5d 7d Root Shoot ratio rate %
0.31 8.0 9.5 9.5 7.83 8.75 89.3 5.92 95.0
3.21 4.7 9.0 9.5 7.17 9.60 75.2 4.71 95.0
Giza 123 5.74 2.0 8.0 9.0 6.17 7.00 88.2 3.55 90.0
8.28 1.7 6.5 9.0 6.17 7.75 79.8 3.14 90.0
12.86 0.7 4.0 7.3 5.50 5.90 94.8 2.07 73.3
0.31 7.5 9.5 10.0 6.67 9.10 73.4 5.83 100.0
3.21 4.5 8.5 10.0 4.83 7.45 65.3 4.63 100.0
Giza 124 5.74 4.0 8.0 9.5 6.00 6.50 100.4 4.29 95.0
8.28 4.0 7.0 9.0 5.67 5.75 98.8 4.02 90.0
12.86 2.0 6.0 7.5 6.50 8.70 74.3 2.94 75.0
0.31 8.0 9.7 10.0 7.67 9.25 100.8 6.03 100.0
3.21 9.5 9.0 9.0 7.00 8.50 82.5 6.25 90.0
Giza 125 5.74 7.0 8.0 7.5 6.17 8.42 72.5 5.00 75.0
8.28 5.0 6.5 6.3 5.17 6.75 78.0 3.87 63.3
12.86 2.0 35 4.5 4.67 4.75 107.4 2.01 45.0
0.31 10.0 10.0 10.0 8.83 12.50 72.2 6.76 100.0
3.21 9.5 10.0 9.7 8.50 10.10 85.4 6.55 96.7
Giza 126 5.74 8.0 9.7 9.3 7.50 8.00 94.4 5.93 93.3
8.28 7.0 9.0 9.0 6.13 9.50 64.5 5.42 90.0
12.86 6.5 6.5 8.5 4.07 11.75 34.7 4.68 85.0
0.31 10.0 10.0 10.0 5.83 12.75 47.0 6.76 100.0
3.21 8.5 10.0 10.0 6.17 10.00 61.6 6.26 100.0
Giza 127 5.74 7.5 10.0 9.0 5.50 9.30 59.6 5.79 90.0
8.28 7.3 9.0 7.5 4.50 9.38 48.0 5.32 75.0
12.86 1.5 7.0 7.0 3.07 8.67 36.3 2.90 70.0
0.31 9.5 10.0 10.0 8.33 14.30 58.6 6.60 100.0
3.21 7.5 9.5 10.0 7.33 13.00 56.2 5.83 100.0
Giza 129 5.74 6.5 9.0 9.0 7.83 11.75 66.2 5.25 90.0
8.28 5.0 7.5 8.0 6.50 11.67 54.8 4.31 80.0
12.86 8.0 7.0 9.5 7.50 10.00 75.8 542 95.0
0.31 9.0 10.0 10.0 11.00 13.50 81.1 6.43 100.0
3.21 8.5 9.5 9.5 10.67 11.80 93.9 6.09 95.0
Giza 130 5.74 5.0 9.5 9.5 7.70 9.25 84.8 4.92 95.0
8.28 55 8.0 9.0 7.33 8.05 91.1 4.72 90.0
12.86 55 7.3 8.5 5.17 6.85 75.4 4.51 85.0
0.31 6.5 9.5 9.5 9.67 13.80 70.0 542 95.0
3.21 2.5 9.5 9.5 7.67 10.00 76.7 4.09 95.0
Giza 134 5.74 3.5 9.5 9.5 7.50 10.75 70.2 4.42 95.0
8.28 3.5 7.5 8.0 7.00 9.90 70.8 3.81 80.0
12.86 3.0 7.5 7.0 6.33 7.50 90.6 3.50 70.0
0.31 9.5 10.0 10.0 6.83 14.50 46.8 6.60 100.0
3.21 9.0 9.5 10.0 5.83 12.80 45.7 6.33 100.0
Giza 135 5.74 8.0 9.5 9.5 5.50 12.50 44.1 5.92 95.0
8.28 5.5 9.5 8.3 4.67 6.85 67.9 4.92 83.3

12.86 5.0 7.0 7.5 2.67 6.75 39.9 4.14 75.0
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(Table 3 continued)

. Water salinity Number of germinated seeds at ~ Plant length (cm/plant) Root:Shoot Germination

Barley cultivars .

(dS/m) 3d 5d 7d Root Shoot ratio rate %

0.31 10.0 10.0 10.0 9.33 15.50 60.3 6.76 100.0

3.21 7.3 10.0 10.0 6.67 9.50 70.2 5.87 100.0
Giza 2000 5.74 5.5 9.5 9.5 5.83 8.55 68.7 5.09 95.0

8.28 1.5 8.7 9.0 4.83 8.25 58.6 3.52 90.0

12.86 0.5 6.5 8.0 2.83 4.25 66.8 2.61 80.0
Least significant difference (LSD) (0.05)
Barley cultivars (V) 0.91 0.72 0.53 1.00 0.65 17.03 1.42 3.72
Salinity levels (T) 0.64 0.46 0.37 0.71 0.62 13.63 0.57 5.62
(V*T) 2.03 1.44 1.16 2.24 1.97 43.10 2.51 10.07

10.0 1 m3d 0O5d m7d

Number of germinated seeds
o]
; ; ®

Giza 123 Giza124 Giza 125 Giza126 Giza127 Gizal129 Giza130 Giza 134 Giza 135 Giza 2000

Fig. 1 Barley cultivar differences in germination speed.
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Fig. 2 Effect of water salinity (dS/m) on germinated seed number.

germinated seeds values. But after 7 d Giza 126, 129,
130 and 2000 have got the highest values (9.3)
followed by Giza 124 (9.2). Regardless barley
cultivars, water salinity inhibited the germinated seeds
at different periods where increasing water salinity
of the
germinated seeds. It is clear the lowest values of
germinated seeds noticed at 8.28 dS/m and 12.86

associated with decreasing a number

dS/m and the highest values were attained under fresh
(0.31 dS/m). Meanwhile, of the
germinated seeds after 3 d were lower than that of 5 d

water values
and 7 d, respectively.

The rate of decrease of the germinated seeds after
the examined periods was calculated and could be
written as follows: 18.8%, 35.2%, 47.4% and 64.0%
at 3 d, 3.8%, 7.6%, 19.3% and 36.3% after 5 d and
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1.8%, 7.8%, 16.1% and 23.9% after 7 d. It is worthy
to mention that the percentage of the reduction in
germinated seeds increased after 3 d than the other
two studied periods from 2-6 folds. Higher level of
salt stress inhibits the germination of seeds while
lower level of salinity induces a state of dormancy [7].
Additionally, increasing salt stress from 8.28 dS/m
and 12.86 dS/m increased the time needed for
complete germination which affect indirectly on the
consequence of different following growth period.

3.2 Root and Shoot Length

Regarding to the root and shoot length, data in
Table 3 indicated that the highest values were

obtained at fresh water under all tested barley cultivars.

Same trend was obtained for shoot length except Giza
123 (3.21 dS/m). Also, data observed that the highest
values of root and shoot length were recorded at Giza
130 followed by Giza 2000 for root length and for
shoot length, Giza 2000 (15.5 cm) and Giza 135 (14.5
cm). With respect to the effect of investigated barley
cultivars on the root and shoot length, results pointed
out that Giza 129, 130 and 134 were superior for roots
and Giza 135, 134 and 126 was the highest for shoot.
Also, the lowest values of the root and shoot length
were recorded at Giza 135 (5.1 cm) for root length and
Giza 124 and Giza 125 (9.5 cm) for shoot. The
obtained data revealed that increased salinity in water
combined with decreasing in root and shoot length
where the highest values scored at fresh water and the
lowest ones were recorded at highly water salinity
(12.86 dS/m).

Water salinity relative to the control (fresh water),
data presented in Table 3 showed that the reduction
with increasing salinity were 12.4%, 19.9%, 29.3%,
41.3% and 17.1%, 25.8%, 32.4%, 38.4% for root and
shoot length, respectively. Root:shoot percentage did
not take a clear trend where the highest values attained
at Giza 124 (8.28 dS/m), Giza 125 (12.86 dS/m) and
Giza 124 (5.74 dS/m) and the lowest values were
recorded at Giza 135 in all water salinity, except 12.86

dS/m. With respect to the examined barley cultivars
effect on the percentage between root and shoot length,
data revealed that the superior cultivars could rank as
follow in descending order: Giza 130 > Giza 125 >
Giza 123 > Giza 124 and the lowest percentage was
singled out at Giza 127.

According to the effect of water salinity on the root
to shoot percentage, results indicated that increased
salinity did not give a clear trend; however the highest
and lowest percentages were recorded at 8.28 dS/m
(71.1%) and 12.86 dS/m (66.2%), respectively. Also,
it is worthy to mention that these percentages were
increased by 4.1%, 8.7%, 4.8% and -2.6% at water
salinity 3.21, 5.74, 8.28 and 12.86 dS/m relative to the
control, respectively. Salinity stress adversely affects
almost all stages of growth and development, such as
germination, growth and vigor of seedling, vegetative
growth, flowering and fruit set and ultimately causing
diminished economic yield and also quality of
products. Seed germination is one of the most
important phases in the life cycle of plant and is
highly responsive to existing environment [20].

3.3 Germination Rate and Percentage

Data in Table 3 noted that the maximum which
obtained at fresh water and examined barley cultivars
Giza 126, 127 and 2000 that could be considered the
superior ones. Same trend was resulted in case of
germination percentage where Giza 127, 125, 135 and
2000 more tolerant for salinity followed by Giza 134.
Also, it is clear to point out that high water salinity
had a negative effect on the both germination rate and
percentage. The lowest values were recorded at water
salinity especially 12.86 dS/m and barley cultivars
Giza 123, 125 and 2000. Regarding to the effect of
examined barley cultivars on the germination rate and
percentage, data in Table 3 and Fig. 2 revealed that the
highest GR was attained at Giza 126 (5.9), Giza 135
(5.6) and Giza 129 (5.5) and got the highest
germination percentage but exceed Giza 2000 [21].

Conducted germination and pot experiments were
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conducted to study the influence of irrigation water
salinity on yield and chemical composition of wheat in
sandy and calcareous soil. Irrigation water salinity
levels were 0.43 (control), 4.85, 6.60 and 8.86 dS/m,
concluded that, the
germination percentage and rate and mean daily

respectively. Results lower
germination in calcareous soil at any salinity level
compared to sandy soil.

Water salinity had a negative effect on the
germination rate and percentage, where the highest
and lowest values were recorded at 0.31 dS/m (fresh
water) and 12.86 dS/m, respectively (Fig. 3). Also, it
is worthy to state that till 5.24 dS/m, germination rate
and percentage are still high which represented that
barely cultivars were more tolerant to water salinity.

In addition that the percentage of reduction relative
to the increase water salinity were 10.3%, 20.5%, 31.8%

I Germ Rate

and 44.9% for germination rate and 1.8%, 7.7%, 16.0%
and 23.9% for germination percentage at water
salinity 3.21, 5.74, 8.28 and 12.86 dS/m as compared
with control (fresh water), respectively (Fig. 4).

3.4 Fresh and Dry Weight

Table 4 and Figs. 5 and 6 represented fresh and dry
weight and TWC (%) of root and shoot as affected by
examined barley cultivars and water salinity.

Usually, there is a markedly decrease in the
obtained value with increasing salinity among water
salinity treatments in each barely cultivars. Also, the
highest were recorded at high water salinity. There
were two barley cultivars (Giza 134 and Giza 2000)
that gained the highest value of fresh weight root and
shoot. Whereas, Giza 126 had no plants germinated at
12.86 (dS/m). Similar trend was attained in case of dry

= == Germ %

° 8.0 - r 100
E ._—‘\ ’,‘~~*o‘.‘--."s-,——.--.
S 6.0 - 80 x
=) c
€ 4.0 A1 e
3 - 40 g
2.0 - Lt 20 ©
0.0 - - 0
Giza Giza Giza Giza Giza Giza Giza Giza Giza
123 124 125 126 127 129 130 135 2000
Fig. 3 Barley cultivar differences in germination rate and percentage.
120 - B Germ Rate === Germ % - 7.0
3 100 " - aes a» e - e B 6-0 \o
(] - - ap o
- X - B 5.0
c 80 1 A-eeo__ A s
.2 - 4.0 =
= 60 - e
£ - 3.0 £
E a0y L 20 5
O 20 L 1.0
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0.31 3.21 5.74 8.28 12.86

Water salinity (dS/m)

Fig. 4 Effect of water salinity on germination percentage and rate of barley cultivars.
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Table 4 Root and shoot weight and tissue water content (TWC) as affected by irrigation water salinity.
Barley Water salinity _ Fresh weight (mg/plant) Dry weight (mg/plant) TWC (%) Seedling vigor
cultivars (dS/m) Root Shoot Root Shoot Root Shoot index
0.31 98.1 196.2 17.3 15.45 82.39 92.1 15.75
3.21 84.2 168.4 12.9 13.19 84.64 92.2 15.93
Giza 123 5.74 76.1 152.2 9.1 8.91 88.00 94.1 11.85
8.28 52.2 104.4 6.4 5.99 87.82 94.3 12.53
12.86 51.7 103.3 6.0 6.35 58.98 62.6 5.24
0.31 79.7 159.3 11.9 11.63 85.03 92.7 15.77
3.21 78.8 157.6 12.1 10.67 84.64 93.2 12.28
Giza 124 5.74 72.0 144.0 8.6 9.54 88.00 934 11.88
8.28 62.7 125.3 8.7 8.12 86.13 93.5 10.28
12.86 48.7 97.3 7.3 5.98 0.00 0.0 11.40
0.31 86.7 170.0 18.5 11.56 78.63 93.2 16.92
3.21 77.0 167.3 11.8 12.15 84.64 92.7 13.95
Giza 125 5.74 71.8 143.6 9.8 7.94 86.36 94.5 10.94
8.28 70.8 136.4 8.6 7.82 87.82 94.3 7.55
12.86 68.2 126.9 12.0 7.79 27.45 31.3 4.24
0.31 94.1 184.9 16.6 17.28 82.39 90.7 21.33
3.21 87.9 175.8 19.5 13.76 77.83 92.2 17.98
Giza 126 5.74 814 162.9 12.9 10.12 84.20 93.8 14.47
8.28 63.2 126.4 7.7 7.25 87.82 94.3 14.07
12.86 48.2 101.1 7.1 6.5 88.60 93.6 13.44
0.31 91.1 182.2 16.0 14.35 82.39 92.1 18.58
3.21 80.0 160.0 8.4 12.53 89.48 92.2 16.17
Giza 127 5.74 72.2 144.4 8.7 8.45 88.00 94.1 13.32
8.28 68.8 137.6 8.4 7.89 87.82 94.3 10.41
12.86 63.6 127.1 9.5 7.81 28.34 31.3 8.21
0.31 86.2 172.4 15.2 12.59 82.39 92.7 22.63
3.21 81.1 162.2 12.5 10.98 84.64 93.2 20.33
Giza 129 5.74 68.6 137.1 8.2 9.09 88.00 934 17.63
8.28 62.2 124.4 7.6 8.06 87.82 93.5 14.53
12.86 58.8 117.6 6.8 7.22 58.98 62.6 16.63
0.31 90.0 180.0 13.5 12.24 85.03 93.2 24.50
3.21 87.3 174.7 13.4 12.68 84.64 92.7 21.34
Giza 130 5.74 71.1 142.2 8.5 7.86 58.66 63.0 16.10
8.28 69.8 139.6 9.7 8.00 28.71 314 13.85
12.86 48.3 96.7 7.2 5.94 0.00 0.0 10.21
0.31 104.9 209.8 224 19.61 78.63 90.7 22.29
3.21 78.9 157.8 12.1 12.36 84.64 92.2 16.78
Giza 134 5.74 66.1 142.4 9.0 8.85 86.36 93.8 17.34
8.28 71.2 132.2 8.7 7.58 87.82 94.3 13.52
12.86 63.4 126.9 11.2 8.89 82.36 93.0 9.68
0.31 62.4 144.9 11.0 9.86 82.39 93.2 21.33
3.21 72.4 132.9 16.1 9.65 77.83 92.7 18.63
Giza 135 5.74 66.4 124.9 10.5 6.90 84.20 94.5 17.10
8.28 46.0 104.4 5.6 5.99 87.82 94.3 9.60
12.86 52.2 92.0 6.0 5.65 88.47 93.9 7.06
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(Table 4 continued)
Barley Water salinity _ Fresh weight (mg/plant) Dry weight (mg/plant) TWC (%) Seedling vigor
cultivars (dS/m) Root Shoot Root Shoot Root Shoot index
0.31 100.8 201.6 17.7 18.84 82.39 90.7 24.83
3.21 92.1 184.2 9.7 14.43 89.48 92.2 16.17
Giza 2000 5.74 87.0 174.0 10.4 10.81 88.00 93.8 13.66
8.28 76.9 153.8 9.4 8.82 87.82 94.3 11.78
12.86 63.0 126.0 9.4 8.82 85.01 93.00 5.67
LSD (0.05)
Barley cultivars (V) 8.75 19.65 1.23 1.36 11.86 12.88 1.08
Salinity levels (T) 8.16 16.39 1.15 1.07 8.69 9.46 0.65
(V*T) 25.81 51.84 3.64 3.42 27.49 2991 1.39
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Fig. 5 Effect of water salinity on fresh and dry weight of barley cultivars.
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Fig. 6 Effect of water salinity (dS/m) on fresh weight (A) and dry weight (B) of barley.

weight of root and shoot, where Giza 134 and Giza
2000 were the best ones.

Regarding to the examined barley cultivars effect
on the fresh weight and dry weight of root and shoot,
data on hand indicated that Giza 2000 was the
superior variety whom scored the highest value
followed by Giza 125, 127 and 134 in case of fresh
weight of root and shoot, respectively. In case of dry
weight of root, Giza 134 followed by Giza 125 and
Giza 2000 followed by Giza 134 for shoot dry weight.

Regarding to the effect of water salinity on the fresh
weight and dry weight of root and shoot, data
indicated that there was a markedly decrease in fresh
weight and dry weight of root and shoot with
increasing salinity in water and the reduction under
shoot is more than root and the opposite was true in
case of dry weight. It could summarize the reduction
percentage resulted from increasing water salinity as
follows: 8.3%, 18.0%, 28.0%, 42.1% and 8.9%,
18.5%, 28.7%, 43.7% for fresh weight of root and
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shoot at 3.21, 5.74, 8.28 and 12.86 dS/m as compared
with control treatment, respectively.

In case of dry weight the percentage of reduction
were 19.7%, 40.2%, 49.5%, 52.9% and 14.7%, 38.3%,
43.3%, 55.1% for root and shoot in same sequences.
Naseer et al. [22] reported that the germination
percentage, root and shoot length and fresh and dry
weights were decreased in barley cultivars by

increasing of salinity levels.
3.5 Tissue Water Content

The TWC in root and shoot of barley cultivars
severely was affected by increasing water salinity.
These values were little large for Giza 2000 and Giza
127 (3.21 dS/m) followed by water salinity 5.74 dS/m
in the same barley of root. But in case of shoot data
showed that the highest values were attained in
cultivars Giza 125, 127 and 129 with highly water
salinity 5.74 dS/m and 8.28 dS/m. The lowest values
of TWC recorded at 12.86 dS/m water salinity in all
examined barley cultivars.

Concerning to the effect of examined barley
cultivars on the TWC for root and shoot, data
presented in Table 4 and Figs. 7 and 8 illustrated that
Giza 2000 followed by Giza 134 and Giza 135 were
the best for root and Giza 135, followed by Giza 134
and Giza 2000 for shoot were more pronounced effect
barley cultivars, while the lowest ones were Giza 130
for root and shoot. In case of the effect of the
cleared that
progressively decreased in TWC for root and shoot

investigated water salinity, data
with increasing water salinity. The maximum values
were attained in water salinity 3.21 dS/m and 5.74
dS/m for root and 0.31 dS/m, 92.55% for shoot. Also,
it noticed that the change in TWC for root and shoot
relative to the increase water salinity were expressed
in percentage -2.5%, -2.2%, 0.5%, 47.7% and -0.5%,
1.4%, 4.6%, 49.2%, respectively.

With respect to the examined barley cultivars effect
on the TWC, the highest number scored at Giza 129
(21.2%) and Giza 134 (20.7%) while the lowest one

was recorded at Giza 124 (14.8%). The differences
between the obtained highest relative to the lowest one
data found that Giza 129 and Giza 134 increased by
about 43% and 40%, respectively. Also, the results of
the TWC showed that the effect of water salinity was
significantly at 1%. Only fresh water gave the highest
value of TWC for root and shoot and water salinity at
12.86 dS/m gave the lowest one. Water salinity had an
adverse effect on the TWC. The rates of decrease in
percentage in tissue water content were 14%, 17%, 19%
and 20% relative to the control (fresh water).

3.6 Seedling Vigor Index

The SVI was strongly affected by both examined
barley cultivars and water salinity. Data in Table 4
and Figs. 9 and 10 showed that the cultivars Giza
2000, 134 and 126 gained the highest value in
descending order 24.8%, 24.7% and 21.5% as
compared with control (fresh water). But mostly the
lowest values (8.9% (Giza 2000), 12.3% (Giza 124)
and 12.6% (Giza 135)) were highly correlated with
water salinity. It is well established that salt stress
has negative correlation with seed germination and
SVI [23].
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20 - positive correlation coefficients between periods of
3 germination and GR with r values 0.963%*, 0.855%
é 1> and 0.742** and with germination percentage 0.571%,
gn 10 - 0.802*%* and 0.998**. Also, markedly positive
g correlation between SVI from side and fresh weight
s 5 J and dry weight for root and shoot were obtained with
r values 0.546* 0.573*% 0.588*% and 0.647*%,

0 - respectively.

Giza Giza Giza Giza Giza Giza Giza Giza Giza Giza
123 124 125 126 127 129 130 134 135 2000

3.8 SDS-PAGE Profile of Saline Irrigation Water of
Barley Cultivars in Germination Stage

Fig. 9 Barley cultivar differences in seedling vigor index.
25 - Increased salt concentration caused a significant
y=-2.7574x + 22.826 R? = 0.9965 L. ) .
reduction in the vegetative growth of barley cultivars.
20 - .
é 0 Fresh and dry weights of sugar beet decreased
§ 15 4 significantly with increasing salt concentration in the
'E': growth medium. However, significant reduction was
% 10 1 observed at high salinity levels. In this experiment the
& 5 . total soluble protein profile shows no significant
difference between normal plant and stressed plant (Fig.
0 - 11) that may indicate to the positive effect of the clay
0.31 3.21 5.74 8.28 12.86

Fig. 10 Relation between water salinity and seedling vigor

index.
3.7 Correlation Analysis

It is worthy to mention that there were highly

soil as a reach nutrients soil comparing to sandy soil
which was used in the previous salt stress experiment.

There was a decrease in the amount of total soluble
protein content with the high salinity level (Fig. 11) in
cultivar Giza 2000 even if it was showing high
percentage of germination and dry matter content. Data
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Fig. 11 SDS-PAGE banding patterns showing the total soluble proteins from the leaf tissue of tested nine barley genotypes,
Giza 123, 125, 126, 127, 129, 130, 134, 135 and 2000 after 10 d of germination in clay soil watering with saline solution.
First lane is protein marker; N: normal condition; T: treated with saline water.
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revealed a high intensity of 20 kDa protein band in
treated sample with saline water than the control
sample especially the cultivars Giza 123, 125, 126,
127, 129 and 130. The 6 kDa protein bands had the
same increasing after salt stress in cultivars Giza 123,
127,129, 134 and 135. The same protein band with 27
kDa was also get accumulated after stress treatment
similar to the previous salt stress experiment, which
may be related to the oxygen-evolving enhancer
protein 2 (OEE2) associated with photo system II
complex involved in photosynthesis activity under a
biotic stress [24].

4. Conclusions

The ability of barley cultivars Giza 134 and Giza
2000 to grow under the high salinity of irrigation
water was greater than the rest of the other cultivars.
So, it could be recommended for farmer to be grown

under saline irrigation water conditions.
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