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ABSTRACT

Two pot experiments were carried out in the wire house of the Plant Physiology
Division, Faculty of Agriculture, Cairo University, during 2004-2005 and 2006-2007
seasons under different irrigation salinity levels (0.0%, 16%, 32% and 48% sea water).
The aim of this study was to investigate the effect of salinity on growth, yield and
chemical composition of wheat (Triticum aestivum L.) Gimmeza 9 and Sids 1 cultivars.
The obtained results indicated that, the absolute superiority of weekly spraying with 15
mM GB and 6 ppm TiCl4 in inducing the highest significant increases over the salt-
tolerant Sids 1 control at the all applied salinity levels, except the highest one; 48% sea
water level. The treatments of weekly spraying either with 10 mM GB or 3 ppm TiCl4
recorded such significant increments up to 32% sea water salinity level and 60 min
UV-A rays up to 16% sea water only over the salt-sensitive (Gemmiza 9) plants. in
addition to the considerable increases in the chemical constituents, i.e. sugars, proline,
amino acids, protein, N, P, K+ , Mg*%, Ca* and Ti (of both growing plants and the
produced grains), endogenous phytohormones, i.e. IAA, GA3, ABA and cytokinin as
well as inducing the highest reduction in the invertase activity, Na* level. Moreover,
these treated plants were able to approach their optimal productivity, which highly
significantly exceeded the comparable productivity of the salt-tolerant cultivar control
up to 32% sea water. The second group of experiment aimed to evaluate the genetic
diversity of some Egyptian wheat cultivars using microsatellites (SSR) as molecular
markers. The four varieties of wheat (Triticum aestivum L.) tested were Giza 168, Sids
1, Gemmeza 7 and Gemmeza 9) including Chinese Spring as standard. The 24
microsatellites used revealed a total of 93 alleles. The fragment size ranged from 75 bp
in GWM3 to 285 bp in GWM931. The average number of alleles was 3.9 ranging from
2-9 alleles per locus. The average allele number was different for each cultivar. With 66
alleles the number was highest in Giza 168, followed by 33 alleles in Sids 1, then
Gemmiza 9 with 32 alleles and the lowest allele number was found in Gimmeza 7 (30
alleles). The polymorphism information content (PIC value) reflecting the gene
diversity of the 24 microsatellite loci ranged from 0.48 to 0.82 with an average of 0.66.
The genetic similarity level ranged from 0.22 for Chinese Spring with the Egyptian
cultivars to 0.58 for Gimmeza 7 and Gimmeza 9. The correlation coefficient between
PIC and number of alleles over 24 microsatellites loci was 0.62.

Keywords: Salinity, Wheat, Endogenous hormones, Nutrients, SSR
markers
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INTRODUCTION

Wheat [Triticum aestivum L.] is a highly demanded winter
cereal crop in Egypt as the main source of food for the Egyptian
people. Unfortunately, the total production from this crop in Egypt
is still insufficient to cover the local consumption. Thus, there is a
great need to overcome this gap between the local national
production and the consumption demand, through the increasing of
wheat productivity per unit area which can be achieved through the
applying of some specific physiological treatments, in addition to
the expansion of wheat cultivation in the newly reclaimed areas
which represents the great hope in increasing our cultivated land
and consequently the economic agricultural production.

Estimates of the extent worldwide of saline conditions vary,
but range as high as one billion hectares (Epstein et al. 1980). Given
that the land area of the world total 13 billion hectares (Dudal,
1977), about 8% is affected by salt. Not one content is free of salt
affected soils (Pessarakli and Szabolcs, 1999). Nevertheless, even
these data convey an inadequate impression of the extent of salinity
as it affects agriculture. That is because although salinity is a natural
phenomenon wherever evaporation exceeds precipitation, the
human activity of irrigation hugely contributes to salinization. The
irrigation water itself invariably contains dissolved salts, and in
addition, inadequate drainage may cause salt accumulation in the

soil. Roughly 263 million hectares are irrigated worldwide, and in



most of that 1.34 billion hectares (Evans, 1998), the percentage of
irrigated land is nearly 20% of the total land (Sharma and Goyal,
2003).

To all these disturbing statistics, we have to add yet more:

1. The number of mouths to feed will rise from current 6.3
billion humans to, say, 10 billion in 2050 (Evans, 1998).

2. Urbanization and industrialization will heighten
competition for high quality water (Evans, 1998 and Rains
and Goyal, 2003).

3. Water pumped for irrigated agriculture near the sea
coast is increasing the intrusion of sea water into wells
(Vengosh and Rosenthal, 1994).

4. Cultural and political factors such as war fare and
mismanagement (Hillel, 1994 and National academy of
Sciences, 1999).

Conventional approaches to the problems of salinity in
agriculture have been based on the proposition that if the medium to
which roots are exposed is impaired. Namely, a) reclaims salt-
affected soils by leaching the salt below the root zone with high
quality water, b) uses superior irrigation techniques to minimize the
build-up of salt, and c) adds amendments such as calcium sulfate
(gypsum) to displace sodium adsorbed on the soil cation exchange
complex. Also, under salinity conditions, using some specific
physiological treatments (such as irradiation treatments with

gamma, fast neutrons and laser rays as well as ultra-violet radiation,



foliar fertilization, applying of the specific growth regulators and/or
amino acids) involves changes in the plant behavior and expression
of properties that were not evident before the treatment. A plant is
considered “adapted to salinity “when the increase in the mean
relative growth rate of the salt-treated plant occurs so that the
growth is restored to a value more or less similar to that of the
control plant, or when the plant has acquired the capacity to
complete its life cycle in saline environment in which the non-
adapted plant is not able to do so. Essentially, one alters the salt-
affected medium to fit the salt-sensitive crop. Such endeavors
amount to a huge enterprise and an immense investment in time,
effort, material and monetary resources. Environmental, social,
economic and even legal factors now pose ever more daunting
challenges to irrigation agriculture (National Research Council,
1989).

Due to the restricted resources of the fresh water from the
River Nile, the use of saline water or even diluted sea water
becomes the only source of irrigation water in such newly cultivated
areas, but the sensitivity of some wheat cultivars to salinity will
restricts or even prevents their cultivation in such reclaimed areas.
Thus, it is mandatory to improve the salinity tolerance of such
sensitive wheat cultivars and consequently enhancing their ability to
tolerate salinity which, in turn, increasing the possibility of their
successful cultivation in such newly reclaimed areas. Therefore,

there is increasing attention to accommodate wheat cultivars to



grow in salinities outside the natural range of tolerance and
nevertheless obtain appropriate economic productivity.

Clearly, in addition to the "technological fix" of managing
the rooting medium, we must add the "biological fix" of genetically
adapting crops to saline conditions (Epstein, 1976). This strategy is
based on two facts, first, we well know that transport of ions
including sodium and chloride is under genetic control and can be
genetically manipulated, second, plants can inhabit even highly
saline substrates. Nearly all the life in the world's oceans (which are
roughly 0.5 M NaCl) depends on green algae. Estuaries in general
and salt marshes in particular are unusually productive places
(Silliman and Jefferies, 2004). Even among and within crop species,
salt tolerance varies appreciably (Epstein, 1976).

The irradiation with Ultra-Violet, laser and gamma rays may
provide insight into the mechanism of action of the radiation in
producing physiological and genetic variability, thus have been used
directly to produce useful variation in quantitively inherited
characters, therefore, the result previously obtained by many authors
suggested the possibility of successful application of Ultra-Violet,
gamma and laser rays to improve salinity tolerance of the sensitive
wheat cultivars, since the mutagen agents including ultra-violet
radiation, laser and gamma rays are the effective tools for inducing
genetical changes in the treated plant material.

In many crop plants the natural accumulation of glycine

betaine (GB) is lower than sufficient to ameliorate the adverse



effects of dehydration caused by various environmental stresses
(Subbarao et al., 2001). Exogenous application of GB to low-
accumulating or non-accumulating plants may help reduce adverse
effects of environmental stresses (Yang and Lu, 2005). Foliar
application of GB resulted in a significant improvement in salt
tolerance of rice plants (Lutts, 2000). On the other hand, Knowledge
of the concentration, timing and frequency of GB application is a
pre-requisite to its commercial use for improving crop stress
tolerance. Unfortunately, however, limited research has been
conducted to determine the effectiveness of different concentrations
of GB in different plant species.

Several plants supported with titanium (Ti) enhanced their
leaf N concentrations as well as the contents of other elements, such
as P, Ca, Mg, Fe, Mn and Zn (Martinez-Sanchez et al, 1992 and
Ghallab and Nesiem, 1999). These effects occur when Ti is applied
to the nutrient solution in hydroponic culture of tobacco, maize and
capsicum (Nautsch-Laufer, 1974; Pais, 1983 and Alcaraz et al.,
1990) as well as by leaf spraying on apple, grape and wheat (pais,
1983 and Ghallab and Nesiem, 1999), pepper (Carvajal, 1992) or
soil fertilization as a Ti (IVV)-complex on barley (Ram and Verloo,
1983). However, limited research has been conducted to alleviate of
salt stress in wheat plants by exogenous Ti.

Crop diversity studies using molecular markers have been
conducted in different cereals such as barley, (Koebner et al., 2003),

rice (Orayza sativa L., Ishii and McCouch, 2001), maize (Zea mays



