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ABSTRACT: Water stress, one of the environmental stresses, is the most significant
factor restricting plant production on majority of agricultural fields of the world.
Wheat is grown on arid agricultural fields and drought often causes serious problems
in wheat production in these fields. So, the present study was conducted to investigate
whether the application of glycine betaine (GB) could regulate the soluble
carbohydrate content, soluble protein content, phenol content and proline content as
well as ameliorate the adverse effects of drought stress on wheat. Triticum sativum
plants which planted , exposed to water stress showed significant decreases in
contents carbohydrates, soluble proteins, while phenols, cartenoids and free proline
contents were increased throughout the experimental period.Treatment with different
concentarion of glycine betaine significantly increased contents of carbohydrate as
well as proteins, phenol and proline of Triticum sativum plants.

Key words: irrigation interval, glycine betaine, wheat.

1. Introduction:

Today, in a world of 7 billion people, agriculture is facing great challenges to
ensure a sufficient food supply. Unfavorable environmental factors such as drought,
salinity, chilling, freezing, high temperature etc. significantly limit productivity and
quality of crop species worldwide and in extreme cases cause the plant to die
(Sardans et al., 2011). Almost all of abiotic stresses are often interconnected and
associated with plant-water relations. Economic losses associated to water availability
reached about one billion dollars, in 2009, only in the United States (Anderson et al.,
2009). With increasing aridity in conjunction with a fast increase in human
population, water will become a scarce commodity in the near future, particularly in
the third world countries. Water stress caused by lack of water or by other
environmental stresses like extreme temperatures or salinity (Bartels and Souer,
2004).

Drought is one of the most significant manifestations of abiotic stress in plants
mainly in arid and semi-arid areas and is usually associated with other stresses such as
high temperature and irradiance. The predicted increase of dry days per year in many
areas of the globe will further exacerbate this problem, especially in arid and semi-
arid zones of the Mediterranean (Luterbacher, 2006). Drought reduces plant growth
by affecting several physiological and biochemical processes, such as photo-
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synthesis, respiration, nutrient transport and hormone balance, leading to the
reduction of fresh and dry biomass (Lei et al., 2006; Farooq et al., 2012). Plants can
escape, avoid or tolerate drought stress according to the type of strategy adopted
(Harb et al., 2010; Farooq et al., 2012). Therefore, different mechanisms have been
evolved to allow plants to adapt and survive for long periods of water deficit (Cruz
de Carvalho, 2008). Desert plant species have developed different mechanisms to
cope with extreme dry conditions, either by regulating their phenology choosing
extremely short life cycles, or by osmotic adjustment (Chaves et al., 2003; Bartels
and Sunkar, 2005), allowing cell enlargement and plant growth during severe
drought stress by keeping the stomata partially open to allow CO2 assimilation (Hare
et al., 1998).

The increasing yield potential has indisputable importance in solving world
hunger issue. Since yield has a complex trait and is strongly influenced by the
environment, severe losses can be caused by drought, a stress common in most arid
and semi-arid areas. Accordingly, drought tolerance is one of the main components of
yield stability and its improvement is a major challenge to geneticists and breeders.
Drought stress not only affects plant growth and development but ultimately
productivity in almost all the cereals, thus it is one of the most serious threats to world
agriculture (Subhani et al., 2011).

Glycine betaine (N,N,N-trimethyl glycine, GB), which is found in plants,
animals, and bacteria (Prasad and Pardha-Saradhi, 2004) and many studies indicate
that GB might play an important role in enhancing plant tolerance to some abiotic
stresses such as salt, drought, and extreme temperatures (Quan et al., 2004). The
accumulation of endogenous GB is induced under stress conditions, and the levels are
correlated with the extent of increased tolerance (Park et al., 2004). Significant
advances have been made in alleviating the effects of environmental stresses by
exogenously applied glycine btaine in different crops, such as wheat (Sayed et al.,
2007), rice (Rahman et al., 2002), sorghum (Ibrahim and Aldesuquy 2003;
Ibrahim, 2004) as well as sunflower (Igbal et al., 2008).

The aim of the present work was to investigate the effectiveness of glycine
betaine in alleviating the negative effects of drought stress. Because of this we
hypothesized that GB can mitigate the adverse effects of drought on yield components
and physiological characteristics.

2. MATERIALS AND METHODS:

These experiments were carried out in el-gharbia , Egypt . the grains of wheat
plant were obtained from the agricultural research centre, ministry of agriculture,
giza, Egypt . Soil samples were taken at the depth of 30 cm before planting for
physical and chemical analysis as shown in (table 1& 2) according the methods of
nelson and sommers (1996).

A pot experiments was designed as follows: A homogenous wheat grains were
sown in pots (30cm in diameter) containing 8.0 kg of clay soil and subjected to
different level of irrigation intervals namely. The pots were divided into six group's
representing the following treatments,
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A) Irrigation treatments

e [Irrigation interval (every 7 days tap water).

e [Irrigation interval (every 14 days tap water).

e [Irrigation interval (every 28 days tap water).

B) Combined treatments

¢ lIrrigation interval every 7 days + GB (50 ppm).
e Irrigation interval every 14 days + GB (50 ppm).
e Irrigation interval every 28 days + GB (50 ppm).

The plants of wheat were treated twice with the above mentioned treatments (as
foliage spraying).the first treatment was made when the age of plants was 30 days,
while the second treatment was made when the age of plants was 75 days . The plant
samples were collected for analysis when the plants were 58 days old. At the end of
the growth seasons 140 days, analysis of the grains yielded from the different
treatments as well as the control was done and the irrigation of water level occurs at
15 days throughout the ages of plant.

Tablel: Physical properties of the used soil (as percentage %)

Gravels Fine Coarse  Medium Fine silt Clay Texture
Gravels  Sand Sand sand class

Sandy-

2 4.5 5 45 21 7 155 clay solil

Table 2: Chemical properties of the used soil.

TSS pH E.C. Cations meg/L Anion meq/L
ppm mmbhos/cm
760 7.3 1.85 Na®* K° Ca™ Mg™ CI' SO4 HCO3 CO03"

1.75 058 255 2 3 102 15 zero

Chemical analysis:

Contents of soluble carbohydrates were measured according to the method of
Umbriet et al. (1969). Contents of soluble proteins were estimated according to the
methods of Lowery et al. (1951). Phenolic compounds were estimated according to
the methods of Daniel and George (1972). Contents of proline were estimated
according to the method of Bates et al., (1973).
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Statistical methods

Statistical methods all statistical calculations were done using computer
programs. Microsoft excels version 10 and spss (statistica package for the social
science version 20.00) statistical program. at 0.05 level of probability (Snedecor and
Cochran, 1989).

RESULTS AND DISCUSSION

1. Soluble Carbohydrates:
1.1 Shoots and yield

Soluble Carbohydrates Shoots and yield Results in the present work Fig (1)
recorded decreases in the contents of total soluble carbohydrates in the two stages in
shoots and as well as in the yielded seeds in wheat plant growth under the second and
third level of irrigation.

Contents of total soluble carbohydrates in grains of wheat plants, mostly,
highly significantly increased in response to the treatment with of GB. This was the
case in plants grown under the all applied irrigation interval levels Fig (2). The
accumulation of soluble sugar in stressed plants has been widely reported as a
response to salinity (Gill et al., 2001; Murakeozy et al., 2003; Juan et al., 2005 and
Lacerda et al., 2005). Dawood and Sadak (2014) stated that GB treatments at
different levels (10mM,15mM and 20mM) caused significant increases in IAA,
proline, total soluble sugars and significant decreases in MDA, H202, in canola
plants irrigated with different levels of water (75% FC and 50% FC). All GB
treatments caused significant increases in seed yield, oil, carbohydrate, protein, total
phenolic content, tannins, and antioxidant activity of the yielded seeds and non-
significant increases in flavonoids in the yielded canola seeds either in plants irrigated
with 75% FC or 50% FC. The increases in seed yield/plant due to 20 mM GB were
30.80% and 60.28% at 75% FC and 50% FC respectively relative to corresponding
controls. Generally, 20 mM GB was the most pronounced and effective treatment in
alleviating the deleterious effect of moderate or severe drought stress on canola
plants.

Some studies indicated that the application of amino acids as a foliar spray
caused an increase in the contents of total soluble sugars. These results are in
agreement with the finding of other studies on a variety of plants (Jianfeng et al.,
2005; Abou Dahab and Abdel- Aziz, 2006; Abdel Aziz et al., 2009; Abdel Aziz et
al., 2010; Ibrahim et al., 2010). The promoting effect of the amino acids on the total
soluble sugars may be due to their role in biosynthesis of chlorophyll molecules
(Abdel Aziz et al., 2010; Ibrahim et al., 2010).

2. Soluble Proteins

2.1 Shoots and vield

Results of the present work Figs (3 and 4) revealed that, mostly, highly
significant increases in the contents of soluble proteins in shoots and yield of wheat
plants were resulted in plants grown under the second and third level of irrigation.
This was the case throughout the two stages of growth. Highly significant decrease in
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soluble protein contents in yielded seeds was observed in response to the
aforementioned treatment. On the other hand, the obtained results Figs (3 and 4).
revealed that, treating wheat plant with GB at the first level of irrigation, resulted in,
mostly, highly significant increases in the contents of soluble proteins in shoots,
grains as well as in the yielded grains of the treated plants. GB application allowed
Maize plants in the mildly-stressed treatment to overcome water limitation and
continue growing which resulted in increased biomass relative to the untreated mildly
stressed plants (Reddy et al; 2013). GB could counteract the adverse effects of
drought on wheat by improvement of growth vigor of root and shoot, leaf area,
retention of pigments content, increasing the concentration of organic solutes (soluble
sugars and soluble nitrogen) as osmoprotectants, keeping out the polysaccharides
concentration and/or stabilization of essential proteins in both wheat cultivars, GB
could improve the drought tolerance of both two wheat cultivars (sensitive, Sakha 94)
and (resistant, Sakha 93) particularly the sensitive ones (Heshmat et al; 2012).

The accumulation of osmolyte compounds such as sugars and amino acids, in
the cells as a result of water stress is often associated with a possible mechanism for
tolerating the harmful effects of water shortage (Pirzad et al. 2011). Also found that
yield increased similar results have been reported by Thalooth et al. (2006), Cox and
Cherney (2005).

3. Total phenol

Results of the present work Fig (5) revealed that, contents of phenol in shoots
as well as in the yielded grains were gradually significantly increased in the plants
irrigated every 28 day when belong compared with those grown under the first level
of irrigation. The similar results have been reported by Dawood and Sadak (2014).
The increase in phenol levels have been reported in a number of plants grown under
stress condition (Muthukumarasamy et al., 2000, Navarro et al., 2006 and Farag
Abeer 2009).

4. Total proline

Results of the present work Fig (6) revealed that, contents of proline in shoots as well
as in the yielded grains were gradually significantly increased in the plants irrigated
every 28 day when belong compared with those grown under the first level of
irrigation. The similar results have been reported by Abd EI-Monem (2007).

In organisms ranging from bacteria to higher plants, there is strong correlation
between increased cellular proline levels and the capacity to survive under stress. In
addition to its role as an osmolyte for osmotic adjustment, proline contributes to
stabilizing sub cellular structure (membrane and proteins) scavenging free radicals
and buffering cellular redox potential under stress conditions (Ashraf and Foolad,
2007).
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Conclusions

In conclusion, water stress negatively affected the biochemical assay of the
wheat plant. However, application with GB has beneficial effect on growth and
chemical constituents of wheat plants under different levels of irrigation interval.
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Figure (1, 2). Effect of glycine betaine on the contents of total soluble carbohydrates
in shoots and grains of (Triticum sativum L.) plants.
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Figure (3, 4). Effect of glycine betaine on the contents of total soluble protein in
shoots and grains of (Triticum sativum L.) plants.
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Figure 5. Effect of glycine betaine on the contents of total phenol in the two stages in
shoots of (Triticum sativum L.) plants.
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Figure 6. Effect of glycine betaine on the contents of proline in the two stages in
shoots of (Triticum sativum L.) plants.
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