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ABSTRACT

Wheat is grown in rainfed areas characterized by erratic rainfall with a high
probability of drought spells during the vegetative and reproductive growth. Drought
poorly affects crop growth and yield by altering metabolic and physiological
processes. Plants tolerate drought through osmotic adjustment, stomatal resistance,
increased water uptake and accumulation of waxy layer. Cultivars possessing drought
tolerant traits may be promising candidates for drought prone regions. The present
study was planned for molecular, physiological and biochemical evaluation of wheat
cultivars for drought tolerance. Four experiments were accompanied for this purpose.
In first experiment wheat seeds of five cultivars (GA-2002, Chakwal-97, Uqab2000, Chakwal-50 and Wafaq-2001) were exposed to osmotic stress (-2, -4, -6, and -8
bars) created by soaking the blotters with different concentrations of PEG-6000.
Assessment of cultivars was based on germination percentage, speed of germination,
coleoptile length, root-shoot length, dry and fresh weight. In second laboratory
experimentation, sterilized seeds were sown in petri plates and after seven days the
seedlings were transplanted into hydroponics having modified MS medium solution
followed by its supplementation by PEG-6000 to induce osmotic stress of -2, -4, -6
and -8 bars at 3-4 days interval. After two days, plants exhibited visible effects of
stress. Thus the plants were harvested for analysis and data collection. Evaluation of
cultivars was constructed on proline, sugar, chlorophyll, protein, amino acids, rootshoot dry and fresh weight basis. All cultivars exhibited decline in germination

xxi

percentage, speed of germination, root-shoot length, coleoptile length, seedling fresh
and dry weight under water stress environments. Total soluble sugar, soluble protein,
amino acids and proline have direct relationship with osmotic stress while total
chlorophyll contents, seedling fresh and dry weight have inverse association with
water stress.
Third experiment was carried out by employing different levels of field
capacity (80%, 60%, 40% and 20%) as stress sources in glass house/plant shed.
Cultivars were assessed on the basis of Gas exchange (photosynthesis rate,
transpiration rate and stomatal conductance) measurements, epicuticular wax, relative
water content and osmotic potential. With increase in water stress photosynthesis rate,
transpiration rate, stomatal conductance, relative water content and osmotic potential
drops however epicuticular wax content increased with an increase in water stress
conditions.
At the end for drought response, wheat cultivars were evaluated on molecular
basis. A set of specific primers (TdDHN15, WDHN13, TdDHN16, TdDHN9.6) were
used for presence and expression of dehydrin genes which can confer drought
resistance to a genotype. RNA was extracted by Trizol method. Then first strand
cDNA synthesis was done by using superscript II RT. PCR was carried out by using
the cDNA. PCR products were separated on Agrose gel and visualized under gel doc
system.
Chakwal-50 followed by GA-2002 and Chakwal-97 performed best at various
stress levels for germination percentage, speed of germination, root-shoot fresh and
dry weight, total chlorophyll contents, proline, soluble protein, total soluble sugars
xxii

contents, photosynthesis rate, transpiration rate, stomatal conductance, wax content,
osmotic potential and relative water contents. However performance of Wafaq-2001
and Uqab-2000 was poor. The gene expression of WDHN13 was observed only in GA2002 and Chakwal-50. None of the other gene expression was recorded in any other
cultivars.
It can be concluded that water stress levels had substantial effects on
germination and seedling growth. Morphological, biochemical, physiological and
molecular analysis revealed that adequate genetic difference for drought tolerance
existed in wheat genotypes tested. Chakwal-50 and GA-2002 may prove a promising
parent material for breeding drought tolerant wheat cultivars. Further molecular
investigations are suggested to assess the genetic basis of drought tolerance. Chakwal50 and GA-2002 may be considered better genotypes for low rainfall drought prone
areas.

xxiii

Chapter 1

INTRODUCTION

Wheat (Triticum aestivum) is major staple food serving humanity in various
forms and grown all over the world as leading cereal crop. It is undoubtedly one of the
major consumable commodity of world population including Pakistan. Wheat provides
carbohydrates, proteins and caloric requirements to almost one third masses worldwide
(Bakhsh et al., 2003). In Pakistan, wheat occupies central position and all farming
practices and agricultural policies revolve around its cultivation. Its contribution in
GDP of Pakistan is 3.1 % and its share in value added to agriculture is 14.4 %.
Wheat was grown in an area of 9.04 million hectares and showed a decrease of
0.04 % compared with the previous growing season and the production was 23.86
million tones which is less than 0.7 % from the previous year (GOP, 2009-2010).
Water is a fundamental constituent of all life, comprising about 90 % of the fresh
weight in most physiologically active herbaceous plants. In most plants, if the water
content falls much below this level, numerous processes are modified or impaired
(Bradford and Hsiao, 1982). Water is the major cause of plant cell dehydration. Water
stress occurs when water loss by evapotranspiration exceeds the amount taken up by
roots or other water absorptive structures; this is often loosely referred to as "drought
stress". Water stress is the major issue in almost all wheat growing areas at certain
period of wheat season (Moustafa et al., 1996). Significant proportion of wheat is
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cultivated in rainfed areas characterized by limited and erratic rainfall leading to
drought during their vegetative and reproductive growth. The magnitude of drought
varies depending on the amount of rainfall received and moisture stored in the soil.
The productivity of the crops is adversely affected by drought. In arid and semi-arid
areas of the world drought exerts abiotic stress on wheat crop. The contribution of
water deficits tolls for 50 % on economic yield of wheat as compared to pathogens
which reduces wheat production by 10-20 % (Kreps et al., 2002). Researchers have
investigated drought stress in terms of physiological changes. The areas explored
include opening and closing of stomata, decline in photosynthetic activity, oxidative
stress enhancement and increase in cell wall elasticity and toxic metabolites
accumulation causing plant death (Jaleel et al., 2008).
Plants have mechanism for regulating stress by encouraging gene expression
and thus altering protein synthesis, ultimately controlling biological functions in an
enhanced manner. However, role of genes in drought response mechanism has limited
known and has not been understood completely yet mainly because of multiple
functions of some of the genes (Bray, 2002). Drought tolerance is usually
accomplished by avoiding or averting cell dehydration (Turner, 1986). Some of
drought avoiding mechanisms involve enhanced phenological development, leaf
rolling characteristics, leaf shedding, decreased leaf area and greater cuticular and
stomatal resistance (Morgan, 1984; Turner, 1986). Under increasing water deficits
plants try to maintain cell turgor as a phenomenon of drought tolerance. Osmotic
potential lowering the cells through regulating it by cell solutes deemed as a result of

3

osmotic adjustments in the increase in compounds not merely due to tissue hydration
(Levitt, 1972; Turner, 1979; Turner and Jones, 1980; Morgan, 1984; Bray, 1993).
The adjustments in osmotic pressure results in better water uptake under
increasing water stress in many plant species, which enable them to show better yield
under stress by maintaining growth and development (Hsiao, 1973; Morgan, 1984;
Parker and Pallardy, 1985 & 1987; Gunasekera and Berkowitz, 1992). Many adaptive
strategies have been adopted by plants in response to abiotic stress which include
dehydration of cells and excessive osmotic pressure. Such adaptive measures results,
the changes in physiological activities and biochemical processes undergoing in cell
(Jaleel et al., 2008).
Much attention has been drawn by accumulation of compatible solutes as a
response of drought stress. Plants make adjustment related to metabolism in the form
of adaptions which include accumulation of a number of organic solutes like sugars,
polyols, betaines and proline (Yancey et al., 1982). It is established fact that drought is
a worldwide problem which limits world wheat production considerably and situation
has been made worst by climatic changes in recent years (Pan et al., 2002).
Drought is complex phenomenon which includes physical and chemical
processes in which many large biological macromolecules like DNA, RNA
(microRNA), hormones, proteins, lipids, carbohydrates, free radicals, ions and mineral
elements are involved.
The studies on drought are being carried out globally as it is related to
biological phenomena. Plant growth and productivity is greatly influenced by
environmental stresses (Boyer, 1982). For the study of stress tolerance mechanisms,

4

plant cells have been utilized extensively in vitro (Bajji et al., 2000) which has proved
as an effective tool in stress studies. In vitro techniques are quiet successful as it
minimizes variations in environmental conditions due to utilization of specific nutrient
media and uniform conditions for stress application under well controlled system.
Such manipulations in micro environment enables to carry out experiments on
large plant populations, stress environment and in small space with short span of time.
The utilization of higher molecular weight polyethylene glycols (PEG) have long been
used to stimulate water stress in plants. This acts as non-penetrating osmotic agent
which declines water potential just like soil drying conditions (Larher et al., 1993).
In vitro conditions during regeneration process is a better method to study
drought stress as a morphogenic response. Drought generates unfavorable and
unaffordable changes in plants resulting in growth and photosynthesis inhibition
affecting yield components adversely (Bradford and Hsiao, 1982; Yordanov et al.,
2003).
Water stress causes closing of stomata and reduction in transpiration rate,
decline in water potential in tissues of the plant, reduction in photosynthesis, growth of
leaves, roots and other tissues. Stomatal conductance, photosynthesis and dry matter
increase are largely dependent on the availability of water during various phases of
growth (Blum, 1996). Thus lower photosynthetic rate may be attributed to stomatal
and non stomatal limitations caused by water stress. At plant level, water stress
disturbs growth and development pattern reducing photosynthesis to lower rates and
resulting in low dry matter accumulation.

5

Keeping in view the importance of wheat crop in Pakistan and problem of low
yield as compared to developed countries it becomes imperative to take an immediate
action to develop such varieties which can perform well under stress environment. The
economic crises during the first decade of 21st century has put limitations on the use of
credit to avail costly inputs i.e. irrigation, fertigation and herbicide application to
increase the yield. Thus, investigations related to water stress during crop season have
been made in order to understand the phenomenon of drought at molecular and
physiological level, evaluating some of existing genetic stock of wheat against water
stress environment and identifying wheat cultivars which can be utilized for cultivation
under stress environment (drought). Furthermore, gene identification for drought
resistance in varieties under study may be traced and such genes may be incorporated
into those varieties which have better characteristics but devoid of drought resistance.
This would help in stabilizing wheat yield in Pakistan and may open new avenues for
hybridization and commercial utilization of wheat varieties grown in Pakistan.
Keeping in view the importance of drought tolerance cultivars for this area a
study was planned for molecular and physiological evaluation of wheat cultivars for
drought tolerance.
The main objectives of the study were:


To find out the molecular, physiological and biochemical traits which confer
drought tolerance to wheat cultivars.



To evaluate drought tolerance level of wheat cultivars under study.

Chapter 2

REVIEW OF LITERATURE

2.1

WATER SCARCITY
Drought is a foremost stress which decreases the production of crops world-

wide (Iqbal et al., 1999; Yang et al., 2004). The problem is particularly very serious in
arid and semi-arid regions (Ashraf et al., 1995), where many developing and under
developed countries are located. In these regions water potential in the rhizosphere
becomes more negative during water stress period which reduces water availability for
plant growth and development (Ashraf et al., 1994 & 1996).

2.2

GERMINATION AND VEGETATIVE STAGE, RELATIONSHIP TO
DROUGHT TOLERANCE
Polyethylene glycol (PEG-6000) in the medium has long been utilized as

chemical drought inducer in seedlings for selecting wheat varieties for drought
tolerance (Blum et al., 1999).
Lagerwerff et al., (1961) found that use of PEG modifies the osmotic potential
in nutrient culture and may induce plant water deficit in well controlled manner. The
better establishment of wheat crop depends largely on higher seedling vigour and
greater coleoptile length which result in higher grain yield.
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It seems that the length of stem among the other traits has more sensitivity to
drought stress. Drought stress reduces the radical length at more than -6 bars. Many
experiments have been done and the results have showed that plumule is more likely to
be affected by water stress than other traits. Jajarmi (2009) studied the effect of
drought stress on germination indices in wheat cultivars and concluded significant
differences among cultivars and drought stress levels. In all traits, significant decrease
was observed with increase in stress level.
Root length, root dry weight and seedling dry weight are the major traits to
select for studying tolerant genotypes under water stress conditions (Dhanda et al.,
2004). Katerji et al., (2009) reported that drought affect the plant water status during
ear formation and flowering stage. Water availability mostly affects growth of leaves,
roots, photosynthesis and dry mater accumulation (Blum, 1996).

2.3

PROLINE CONTENT, RELATIONSHIP TO DROUGHT TOLERANCE
Mumtaz et al., (1995) reported that proline enhances the stability of proteins

and membranes under moisture stress. Besides that sugar alcohol enhances the stability
of membranes and proteins to high temperature denaturation (Heber and Santarius,
1973).
At the grain filling stage, higher accumulation of proline in the stressed leaves
occurs, suggesting that under moderate stress the role of proline is related to a
protective action (Zhu et al., 2004). Cell osmotic potential decreases significantly due
to osmolyte accumulation in plant cells resulting in the management of physiological
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processes under stress conditions through water absorption and cell turgor pressure
(Ludlow and Muchow, 1990; Blum, 1996; Serraj and Sinclair, 2002).

2.4

SUGAR CONTENT, RELATIONSHIP TO DROUGHT TOLERANCE
Osmotic adjustment by cells through sugars is considered as an adaptive

response of plant species to water stress (Kameli and Losel, 1993). Reduced
translocation of sugar takes place under moisture stress (Kameli and Losel, 1996).
According to Makunga et al., (1978) the flag leaf usually contributes most of
the photosynthates to the grain. Thorne (1973) suggested that during grain filling,
photosynthates production by the flag leaf may limit the grain growth (Inoue et al.,
2004). Hamida and El-Komy (1998) discussed that under drought stress the role of
growth regulators is to accumulate the soluble sugars which is accomplished through
enzyme activation for osmotic adjustment and improving plant water balance.

2.5

PROTEIN CONTENT, RELATIONSHIP TO DROUGHT TOLERANCE
Proteins are one of the crucial components related to end-use quality of the

wheat grain (Weegels et al., 1996). Protein content and composition determine the
bread making quality of wheat flour (Weegels et al., 1996; Lafiandra et al., 1999;
Branlard et al., 2001). The grain protein quantity and quality depends extensively on
genetic make-up and its interaction with environmental factors (Triboi et al., 2000;
Zhu and Khan, 2001; Triboi et al., 2003).
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2.6

GAS EXCHANGE PARAMETERS AND DROUGHT STRESS
Drought is extensively studied abiotic factor which acts as major limiting

environmental factor for plant development and hence plant mass production. Rapid
inhibition of shoot and limited root growth are the symptoms induced by drought
which are further characterized by stomatal closure resulting in transpiration rate and
CO2 uptake reduction during photosynthesis (Neumann, 2008). Terminal drought
situations lead to interrupted reproductive development causing premature leaf
senescence, wilting and desiccation which ultimately causes premature plant death and
results in significant yield losses as water decreases progressively under these
situations. Whereas intermittent drought situations which result due to short periods of
insufficient water availability in the soil during crop growth season is not necessarily
lethal. The drought stress affects directly on the availability of CO2 during
photosynthesis (Flexas et al., 2004) caused by diffusion limitation through the stomata
and the mesophyll.
Plant growth processes are influenced under scarcity of water. The intensity,
duration of water stress and rate of the progression of the stress determine whether
mitigation processes associated with acclimation will occur or not.

2.7

RELATIVE WATER CONTENT AND DROUGHT STRESS
According to Claussen (2005) the relative water content (RWC) and Proline

accumulation in tissues of the leaves are closely linked. Osmotic potential lowering
due to osmolytes in response to water stress improves cell capacity for the
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maintenance of turgor pressure. Carceller et al., (1999) reported that increase in
proline content preceded a drop in RWC in water stressed leaves.

2.8

LEAF WATER POTENTIAL AND OSMOTIC POTENTIAL IN
RELATION TO DROUGHT
Water potential in leaves of several plants has been reported as a sensitive

indicator of plant water stress (Noar, 1998). The results of the studies conducted on
Apple and Oak as well as many other species (Zhu et al., 2004; Subrahmanyam et al.,
2006) showed that withholding water results in the decline of leaf water potential
(Atkinson et al., 2000; Thomas and Gausling, 2000). Water potential may decline
progressively with the onset of drought conditions. Reduction in leaf water potential
causes a decrease in leaf osmotic potential in wheat and many other crops (Ashraf et
al., 2003; Yang et al., 2004).

2.9

EPICUTICULAR

WAX

IN

RELATIONSHIP

TO

DROUGHT

TOLERANCE
Major part of plant cuticles comprised of waxes which perform the function of
protection of aerial parts of the plants from damage instigated by drought. Genes
associated with wax biosynthesis (Chen et al., 2003; Sturaro et al., 2005) are involved
in synthesis of protective coating, the cuticle and contained waxes and has an impact
on drought resistance (Chen et al., 2003).
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2.10

OSMOTIC

ADJUSTMENT,

A

MECHANISM

OF

DROUGHT

TOLERANCE
Many researchers have recognized osmotic adjustment as one of the most
influential component which imparts drought resistance in various plants (Ludlow and
Muchow, 1990; Kramer and Boyer, 1995; Zhang et al., 2005). One of the means of
turgor maintenance in plants is solute buildup by cells (Morgan, 1992) in different
organs which has strong correlation with productivity under water stress (Cushman,
2001). Solute accumulation by cells in plants is under the control of their genetic
makeup (Martin et al., 1993) and mechanism of osmoregulation in wheat plant
(Morgan 1992; Blum et al., 1999; Nayyar and Walia, 2004). It ensures the protection
of protein structures by preventing their denaturation. It also makes cell membranes
more stable by enhancing phospholipids and serves as a source of energy and nitrogen
(Claussen, 2005). Proline is considered as a cytoplasmic solute which contributes to
osmotic adjustment (Heuer, 1994; Sanada et al., 1995). Increased proline is exported
from leaves during drought stress in developing spikes (Tully et al., 1979). Claussen
(2005) reported that the proline level decreased linearly with increasing leaf age.
According to Serranoo and Gaxiola (1994); Ashraf et al., (2003) when plant is
exposed to water stress proline accumulation provides a compensatory mechanism for
the survival of plant. It also serves as a reservoir of nitrogen and carbon source.
Physiological processes are sustained by water absorption and cell turgor pressure
which is accompanied by promoting osmolyte accumulation resulting in decline of
osmotic potential in the cells (Ludlow and Muchow, 1990; Blum, 1996; Serraj and
Sinclair, 2002).

12

2.11

IMPROVING DROUGHT TOLERANCE
Hostile environment is a major constraint for increasing yield of crop plants in

developing countries. Adverse effects of drought can be alleviated and yield losses can
be recovered through genetic improvement of the plants for drought tolerance and this
may have a significant impact on agricultural productivity of developing countries.
Breeding crops for stressful environment is one way for increasing productivity in
drought prone areas. However, traditional approach at transferring resistance to crop
plants against abiotic stresses is limited by genetic and physiological complexity of
stress tolerance traits. Multigenic nature of abiotic stress tolerance traits have
hampered the way of classical breeding strategies for improving stress resistance of
crops while maintaining the yield. Several genes control tolerance to stress and their
simultaneous selection is difficult. Some undesirable genes that are incorporated
during cross breeding require a tremendous effort to eliminate these genes.
Additionally, selection for stress tolerance under field conditions is also difficult. So
the attempts to improve drought tolerance of crops through conventional breeding have
met with limited success. Stress tolerant crops have to be developed to overcome the
food problem of burgeoning population in developing countries. Genetic manipulation
is a promising option available for improving drought tolerance of crops for a stable
and sustainable yield in developing countries where expected expansion of waterstressed areas (Postel, 2000) will further intensify the problem. Knowledge and
technology based efforts have to be employed for evolving high yielding drought
tolerant varieties. This will not only help ensure food security for mushrooming
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population in developing countries but will also improve the socioeconomic conditions
of the farmers.
Improvements in tissue culture techniques and protocols for in vitro plant
regeneration from embryogenic callus derived from variable plant tissues and
advances in genomics providing information on identity, location and impact of
economically important traits that can be modified using gene transfer technology.
Genetic improvement of crops has been made possible through incorporation of
specific and defined genes of economic importance into crop. Species barrier is no
more a limitation in crop genetic improvement. A gene of interest from any plant,
virus, bacteria or animal can be obtained, designed, cloned and transferred into a plant
of interest. Several gene-delivery-systems have been employed successfully for
insertion of foreign genes into the genome of the host plants. The most widely used
and successful methods include particle bombardment and Agrobacterium-mediated
gene transfer systems. Fertile transgenic plants have been produced and
commercialized. The adaptability of GM crops by farmers of developing countries is
much higher than those of developed countries whose increased income from biotech
crops contribute to the alleviation of poverty.
Stress tolerance in crops may be acquired by employing principle of genetic
engineering which is quick and relatively precise mean of achieving enhanced
tolerance. It avoids incorporation of unwanted genes. Multiple gene assembly may be
incorporated in crop of interest. The genetic engineering coupled with traditional plant
breeding efforts seems to be the most suitable and plausible strategy to exploit the
stressful environment for increased food production to cope with the growing food
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demands of burgeoning population of developing countries. It offers a convenient and
rapid approach for improvement of stress tolerance. Need of transgenic approach to
address the problems affiliated with abiotic stresses for improving crop yield has been
reviewed in detail (Reddy et al., 1999; Bajaj et al., 1999; Cushman and Bohnert,
2000). Methodology and protocols to enable plants to withstand abiotic stresses
(Aragao, 2002) have been established; and transgenic plants for improved drought and
salt tolerance is being produced. Advantages and limitations of transgenic approach for
abiotic stresses have also been reviewed (Bajaj et al., 1999). It is major challenge for
genetic engineers to modify the genotype of crop plants to impart drought tolerance.
The main halt in the development of plants having stress tolerance through genetic
engineering is isolation of relevant genes. The development of various techniques
based on mRNA or phenotypic expression in the form of proteins, differential
genotype screening, and insertion of DNA segments such as transposon or T-DNA
insertions. It may also include cloning based on gene map and random cDNA
sequencing and genome sequencing which have paved the way for identification of
stress proteins/genes, isolation and cloning. Stress-responsive genes have been isolated
by differential hybridization. The technique of random nucleotide sequencing of
cDNA clones has been employed by many workers to identify genes imparting stress
to different crops.

2.12

DROUGHT TOLERANCE AND ASSOCIATED GENES
Remarkable success has been achieved in unveiling genes/proteins associated

with plants resistance against the abiotic stresses and these genes are utilized to
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enhance stress tolerance through transgenic approach. Several genes have been
identified, sequenced and cloned for use in genetic improvement of crops for abiotic
stress tolerance (www.ageri.sci.eg; http://abstracts.aspb.org). Mechanism of drought
tolerance has been extensively investigated in the model plant such as Arabidopsis
thaliana and Craterostigma plantagineum (a resurrection plant). Drought tolerance is a
complex phenomenon and involves expression of a large number of genes (Walters et
al., 2002). Drought tolerance is facilitated by biochemical/physiological processes and
is a multigenic trait. Molecular investigations have provided several clues in
understanding molecular elements involved in plants responses under drought
conditions. Overexpression of genes responsible for providing protection against
photo-oxidative damage, membrane leakage, cellular dehydration through osmotic
adjustments and synthesizing protective coatings, compartmentalization of potentially
harmful ion species, and protection against dehydration and regulation of signal
transduction can help alleviate the adverse effects of drought for sustainable
productivity.
One of the mechanisms adapted by the plants to avoid the deleterious effects of
water deficit is metabolic accumulation of cytocompatible organic solutes which help
maintain the favorable turgor, protect DNA, enzyme activity and other
macromolecules from oxidative damage under drought stress. Biosynthesis of
osmoticums is a key mechanism for drought tolerance. Osmoprotectants enhance stress
tolerance of crop plants when expressed as transgene products (Zhu, 2001). Several
genes have been identified and cloned for this purpose. Genetic engineering has been
employed to enhance osmotically active substances in cells is one way for conferring
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tolerance to drought. Osmoprotectants such as sugars, polyols (sorbitol, manitol,
oninotol, etc.), amino acids, betaines and other compounds play a role in drought
tolerance of many plants. Galactinol synthase (Gols) gene identified from Xerophyta
viscose (Moinuddin and Khanna-Chopra, 2004) encoding the enzymes for the
synthesis of sucrose derivatives contribute in drought tolerance (Taji et al., 2002).
Glycine-betaine metabolized by two enzymes, betaine aldehyde dehydrogenase and
coline monooxygenase preserves thylakoids and plasma membrane integrity after
exposure to stress conditions (Rhodes and Henson, 1993). In general, accumulation of
significant quantities of betaine has been noted in plants that tolerate drought and
salinity. BADH (Xiao et al., 1995) extracted from Atriplex hortensis, encodes for
glycine-betaine enzyme and potentially can be used for genetic engineering of plants
tolerant to salt and drought. Transgenic plants produced by incorporation of BADH
gene (Zhang et al., 2003; Kumar et al., 2004) were found to accumulate significantly
higher amounts of glycine-betaine. Insertion of beta gene also results in the production
of glycine-betaine (Holmstrozn et al., 1996). Manitol is another osmoticum providing
protection to enzymes and biomembranes. Manitol-accumulating transgenic wheat
transformed with mannitol-1-phosphate dehydrogenase (mt1D) was produced (Abebe
et al., 2003) and transgenic plants exhibited improved water and salt stress tolerance.
Two enzymes are involved in the production of trehalose, trehalose phosphate
synthase and trehalose phosphatase, the former produces trehalose phosphate while
the later converts trehalose-6-phosphate into trehalose. The introduction of these two
enzymes into plant and their expression of these enzymes in transgenic plants lead to
improved response to drought stress.
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Yeo et al., (2000) reported significant tolerance in potatoes to drought stress by
introducing trehalose-6-phosphate synthase (TPS1) gene. Proline accumulation is also
believed to have a role in osmoprotection under stress conditions. Transgenic plants
containing the gene, P5CS, encoding a key enzyme for proline biosynthesis showed
increased salt and drought tolerance (Zhu et al., 1998). Production of ononitol is also
related with drought tolerance. Increased tolerance to drought was observed in
transgenic Niccotiana tabacum expressing myo-inositol o-methyltransferrase (IMT1)
for enhanced production of D-ononitol (Sheveleva et al., 1997). Aldolase reductase
(ALR) is involved in the synthesis of sorbitol (Rakowitz et al., 2002). Transgenic
plants expressing ALR for osmotic stress resistance isolated from alfalfa has been
found to exhibit tolerance under osmotic stress (Obereschall et al., 2000). Transgenic
wheat (Triticum aestivum) was developed for osmotic stress resistance by
incorporating this gene (Ertugrul, 2000; Pauk et al., 2002) and its protective function
was verified under stress conditions. Overexpression of glutamine synthase (Hoshida
et al., 2000) or glutamate dehydrogenase (GDH) can also improve stress tolerance.
Plant transformation resulting in stress-inducible accumulation of osmoticums can
provide a better protection under drought conditions. Turgor maintenance through
accumulation of osmoticums results in higher yields of crop plants (Amede and
Schubert, 2003). Accumulation of osmoprotectants also mitigates damaging effects of
reactive oxygen species (Akashi et al., 2001). Yield benefits of 26 % and 48 % at
moderate and severe moisture stress, respectively, were reported (Moinuddin and
Khanna-Chopra, 2004) through osmotic adjustment in chickpea.
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Under drought conditions excitation energy captured by chlorophyll is not
dissipated through photosynthesis and produces reactive oxygen species (ROS) like
superoxide, hydroxyl and H2O2 that causing oxidative damage to various biological
molecules and cellular membranes. The presence of free iron in the cell results in
accumulation of these radicals. Drought tolerant plants encounter this oxidative
damage by the activity of carotenoids, dimutases, catalases, peroxidases and free
radical scavengers. Stress-inducible antioxidant enzymes have been identified (Mowla
et al., 2002). Transgenic plants expressing iron-binding proteins (Deak et al., 1999) or
an enzyme with oxalate oxidase or super oxide dimutase (SOD) activity (Woo et al.,
2000) can reduce or protect from stress induced oxidative damage by controlling the
amount of free iron. A rice 1Cys-Prx overexpressed in transgenic tobacco enhanced
resistance against oxidative damage (Lee et al., 2000). Abiotic stress tolerance shown
by plants may be attributed to genes encoding for antifreeze proteins (AFPs),
superoxide dismutase (SOD) and unsaturase enzyme. The detoxification enzymes such
as glutathione peroxidases (GPXs), catalases and ascorbate peroxidases2 (APX2) are
also key enzymes in antioxidant network (Chang, 2005) for providing protection from
reactive oxygen species and are found to increase during dehydration stress.
The regulatory proteins also called transcription factors modulate gene
expression in the form of phenotypic expression through protein-protein interactions
and sequence-specific DNA binding. Their activation or repressing of transcription of
target genes are controlled by these transcription factors. Differentially expressed
drought responsive transcripts have been identified in peanut (Jain et al., 2001).
Several genes that respond to dehydration at transcriptional level in a variety of plant
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species have been sequenced. The transcription factor genes expression changes may
modify the expression of several drought tolerance genes. Dehydration-responsive
transcription factors such as DREB1A (dehydration responsive element B1A) from
Arabidopsis (Kasuga et al., 1999) provide non-specific protection against drought.
Incorporation of DREB1A into wheat (Pellegrineschi et al., 2002) conferred the
transformed plants with drought tolerance. The transgenic drought tolerant wheat
plants were then planted in the field for screening (CBI, 2004, www.whybiotec.com).
Plants transformed with barley late embryogenesis abundant protein, LEA, (Sivamani
et al., 2000; Wu and Ho, 1999) exhibited nonspecific tolerance for salt and drought.
The monitoring and adjustments of plants to adverse environment is their
inherent ability. However, the degree of adjustability varies among species to different
stress conditions during crop seasons.
The acclimatization to adaptation processes are acquired by the expression of
numerous genes subject to abscisic acid-regulation. Abscisic acid (ABA) plays an
important role in making plants in inducing drought tolerance by regulating plant
water balance. It is brought about through guard cells which regulate osmotic stress.
The tolerance of drought in such cases may be attained through cellular-dehydrationtolerance genes. ABA-inducible genes present in various plant species possess the
ABA-responsive element (ABRE) in their respective promoters. Transcription factors
which control ABA responsive genes expression have been identified (Marcotte et al.,
1989). ABFs (ABRE binding factors) from Arabidopsis have been found suitable for
engineering drought tolerant plants (Kim, 2004). Arabidopsis plants transformed with
ABF3 were found resistant to water deficit stress. Overexpression of ABF3 stimulates
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stomatal closing, causing a reduced transpirational water loss and avoids oxidative
damage caused by ROS.
Plant cuticles have waxes as their major constituents and play significant role
in the protection of aerial parts from damage brought about by drought. Wax
biosynthesis or regulation genes like WXP1 from Medicago truncatula (Zhang et al.,
2005), WAX2 from Arabidopsis (Chen et al., 2003) and GLOSSY1 (GL1) from Zea
mays (Sturaro et al., 2005) have been identified. Wax accumulation in crops is
effectively carried about by transgenic expression of wax regulatory genes for
protection against dehydration. WAX2 gene involved in synthesis of protective coating,
the cuticle and contained waxes, may allow creating crops with increased drought
resistance (Chen et al., 2003). WXP1 has a great potential to enhance cuticular wax
buildup transgenic crops, promoting drought tolerance in these crops (Zhang et al.,
2005). WXP1 over expression under control of the CaMV35S promoter resulting in
enhanced cuticular wax loading in the leaves of transgenic Alfalfa. Transgenic plant
leaves showed glaucous appearance (adaptation of plants to water-deficit
environments), decreased water loss and increased drought tolerance. The genetic
engineering of plant species to impart stress tolerance for drought is obtained through
the introduction of genes responsible for cuticular waxes (Vogg et al., 2004).
Genetic engineering in many plants certainly promotes the required drought
tolerance, thus alleviating productivity constraints. This approach can convert
agriculture into a science-based industry from a resource-based industrial sector
(Sharma and Ortiz, 2000) and contribute to food security by promoting sustainable
agriculture in developing countries dominated by resource poor small holder farmers.
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Biotechnological orientation of sustainable agriculture system of developing countries
is essential for economic development.
The response of wheat to water stress environment during different growth
stages of the crop in the form of molecular, physiological and biochemical changes is
key factor in determining crop yield. The physiological changes shown by plants may
be caused by the deleterious effects of drought on anabolic and catabolic responses of
defense mechanisms adaptation.

Chapter 3

MATERIALS AND METHODS

3.1

EVALUATION OF WHEAT GENOTYPES AT GERMINATION AND
EARLY SEEDLING STAGE

The experiment was conducted twice in Crop Physiology Laboratory,
Department of Agronomy, Pir Mehr Ali Shah Arid Agriculture University Rawalpindi,
Pakistan. Five wheat (Triticum aestivum L.) cultivars (GA-2002, Chakwal-97, Uqab2000, Chakwal-50 and Wafaq-2001) were subjected to five stress levels i.e 0 bars
(distilled water, control), -2 bars, -4 bars, -6 bars and -8 bars to test their germination
and seedling growth. Wheat seeds of selected genotypes were obtained from National
Agricultural Research Center, Islamabad. These wheat cultivars are best adaptive to
the climatic conditions of Pakistan. Commonly grown in both irrigated as well as
rainfed areas and having good yield within practiced cropping pattern of Pakistan.
Osmotic stress (-2, -4, -6 and -8 bars) was created using different concentrations of
polyethylene glycol (PEG-6000) at 20 °C following the method employed by Michel
and Kaufmann (1973). Experiment was laid out in a two factorial fashion using
Complete Randomize Design (CRD) with four replications. Forty healthy and equalsized seeds of genotype were selected and then sterilized with 1.0 % sodium
hypochlorite solution for 3 min (Mcgee, 1988). Seed were then put in sterilized 9 cm
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petri dishes containing germination paper moistened with 8 ml of the different
solutions of PEG-6000. The petri dishes containing seeds of the selected varieties of
wheat were kept in an incubator at 20 ± 0.5 °C (Rehman et. al., 1996; Ghodsi, 2004).
The number of germinated seeds in each petri dish was recorded daily for eight days.
The data were recorded on the following parameters:

3.1.1



Germination Percentage



Speed of Germination



Shoot Length



Root Length



Coleoptile Length



Fresh and Dry Weight of Seedling



Coefficient of Relative Inhibition

Germination Percentage
Germination percentage was calculated after every 24 hours for eight days by

using following formula:

3.1.2

Speed of Germination
Speed of germination was determined by using the vigor index formula as

described by Camargo and Vaughan (1973):
VI = ∑NX/DX
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Where
NX = Number of seeds germinated on X day, and
DX = Number of days from beginning of germination test to X day.

3.1.3

Shoot Length (cm)
Shoot length was measured with the help of scale by selecting ten seedlings

randomly on the 8th day of germination. Average length was used for statistical
analysis.

3.1.4

Root Length (cm)
Average root length of ten randomly selected plants was recorded with the help

of scale on the 8th day of germination.

3.1.5

Coleoptile Length (cm)
Average Coleoptile length for every genotype was determined by using scale.

Ten randomly selected seedlings were utilized while taking measurement of
coleoptiles.

3.1.6

Shoot and Root Biomass (mg)
Eight days old plumules and radicles emerged under control and stress were

harvested. Plumule and radicle fresh weights were weighed. Plumule and radicle were
dried in oven at 70 °C till stable weight following which dry weights were measured.
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3.1.7

Coefficient of Relative Inhibition:
Coefficient of relative inhibition (CRI) was calculated by the formula given by

Mercado (1973).

3.1.8

Statistical Analysis:
The data was subjected statistical analysis was carried out using the computer

based statistical package MSTATC following Steel and Torrie (1980). Means were
compared by employing Least Significant Difference (LSD) Test at 5 % significance
level of probability.

3.2

EVALUATION OF WHEAT CULTIVARS ON BIOCHEMICAL BASIS

The experiment was conducted twice in Crop Physiology Laboratory,
Department of Agronomy, PMAS- Arid Agriculture University, Rawalpindi, Pakistan.
Seeds of five wheat (Triticum aestivum L.) cultivars (GA-2002, Chakwal-97, Uqab2000, Chakwal-50 and Wafaq-2001) were obtained from National Agricultural
Research Center, Islamabad. Seeds were sown in 9 cm petri dishes and after seven
days the seedlings were shifted to hydroponics having modified MS medium solution
(Murashige and Skoog, 1962). After three to four days the modified MS medium was
supplemented by PEG-6000 to induce osmotic stress of -2, -4, -6 and -8 bars. MS
medium without PEG served as control. After two days, there was a visible effect of
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the treatments on growth, and plants were harvested. PEG-6000 solutions were made
following Michel and Kaufmann (1973). Experiment was laid out in Complete
Randomize Design (CRD) Factorial design with three replications.
The data on the following parameters were recorded:

3.2.1



Proline Content



Total Soluble Sugar Content



Chlorophyll Content (Chlorophyll a, Chlorophyll b and Total Chlorophyll)



Total Soluble Protein Content



Free Amino Acids Content



Shoot and Root Biomass

Proline Content (mg/g)
Proline (mg/g fresh weight) amounts were determined by following Bates et

al., (1973). Fresh sample weight of 0.1 g of leaves was added in 5 ml of 3 %
sulfosalycylic acid in test tubes, ground, and then allowed to settle. Then, 2 ml from
supernatant was mixed with 2 ml each of glacial acetic acid and ninhydrin reagent and
was boiled for 1 hr in water bath at 100 ºC. After an hr, the reaction was stopped in ice
and finally 4 ml of toluene were added, vortexed and the absorbance of the supernatant
was read at 520 nm on the UV Spectrophotometer. Toluene was used as blank sample.
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3.2.2

Total Soluble Sugar Content (mg/g)
Total soluble sugar was determined based on the method given by Dubois

(1951). Fresh leaves (0.1g) were added with 5 ml of 80 % ethanol to test tubes, placed
in water bath, and heated for 1 hour at 80 ºC. Then, 1 ml of the sample extract was
taken in another set of test tubes and mixed with 1 ml each of 18 % phenol and
distilled water, and then allowed to stand at room temperature for an hour. Finally, 5
ml of sulphuric acid was added and the whole mixture was vortexed. The absorbance
was read at 490 nm wavelength on the UV spectrophotometer. Ethanol 80 % was used
as blank sample.

3.2.3

Chlorophyll Content (mg/g)
Chlorophyll analysis (mg/g fresh weight) was determined by following the

method of Arnon (1949). Ethanol 80 %, 5 ml of was taken in test tubes and
immediately weighed (0.1 g) fresh leaf samples were added, immersed in ethanol and
tubes were capped. Extract was kept in water bath at 80 ºC for 10 min. Extract was
cooled in dark room. The optical density was measured at 645 and 663 nm for
chlorophyll “a” and “b” respectively, by exposing to lower light by using a UV
Spectrophotometer. Ethanol 80 % was used as blank sample.
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Where,
V = volume of extract (ml),
OD = optical density

3.2.4

Total Soluble Protein Content (mg/g)
It was determined by following Lowry et al., (1951) by using BSA as standard

(Fresh). Fresh leaves (0.1 g) were added in test tubes having 5 ml phosphate buffer.
Samples of each test tube were grinded with pestle and mortar around ice. 0.5 ml of
this sample extract was added in another set of test tubes in which 0.5 ml of distilled
water were added and finally 3ml of bio-red color dye was added and vortexed for
awhile and the absorbance was read at 595 nm wavelength on the UV
Spectrophotometer. Phosphate buffer was used as a blank sample.

3.2.5

Total Free Amino Acid Content (mg/g)
The quantity of total free amino acids was obtained by following Hamilton and

Van Slyke (1943). 1 ml of each sample extract was treated with 1ml of 10 % pyridine
and 1ml of 2 % ninhydrin solution. The optical densities of these colored solutions
were then read at 570 nm on the UV Spectrophotometer.
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3.1.6

Shoot and Root Biomass (g)
Plumules and radicles emerged under control and stress was harvested. Plumule

and radicle fresh weights were weighed. Plumule and radicle were dried in oven at 70
°

C till stable weight following which dry weights were measured.

3.1.7

Statistical Analysis
Analysis of variance was determined and means were compared by employing

Least Significant Difference (LSD) Test at 5 % level of probability. The statistical
work was done using the computer based statistical package MSTATC following Steel
and Torrie (1980).

3.3

EVALUATION OF WHEAT CULTIVARS ON PHYSOLOGICAL
BASIS

The experiment was conducted twice in Green House, Department of
Horticulture, Pir Mehr Ali Shah Arid Agriculture University Rawalpindi, Pakistan.
Seeds of wheat (Triticum aestivum L.) cultivars (GA-2002, Chakwal-97, Uqab-2000,
Chakwal-50 and Wafaq-2001) were obtained from National Agricultural Research
Center, Islamabad. Cultivars were grown in plastic pots containing 10 kg sandy clay
loam soil. A fertilizer mixture containing 500 mg N, 300 mg P and 200 mg K as Urea,
DAP and Muriate of potash was applied per plot. Eight seeds were sown in each plot.
One week after emergence, the seedlings were thinned to four per pot. Different levels
of field capacity (80 %, 60 %, 40 % and 20 %) were maintained by gravimetric
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method. Completely Randomize Design (CRD) in a factorial set up was laid with three
replications.
Data was collected on following physiological aspects.

3.3.1



Photosynthesis Rate



Stomatal Conductance



Transpiration Rate



Leaf Osmotic Potential



Leaf Water Potential



Epicuticular Wax Content



Relative Water Content

Photosynthesis Rate (μ mole/m2/sec)
The measurement of photosynthetic rate was accomplished at flag leaf stage by

using Infrared Gas Analyzer (IRGA) as proposed by Long and Bernacchi, (2003).

3.3.2

Stomatal Conductance (mole/m2/sec)
The calculation of Stomatal conductance was carried out at flag leaf stage by

using Infrared Gas Analyzer (IRGA) following the method employed by Long and
Bernacchi, (2003).

3.3.3

Transpiration Rate (mole/m2/sec)
Infrared Gas Analyzer (IRGA) was used to calculate the transpiration rate at

flag leaf stage by following Long and Bernacchi, (2003).
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3.3.4

Leaf Osmotic Potential (Mpa)
The osmotic potential of the cell sap from the flag leaves was measured

with a freezing point osmometer (Osmomat 010 Gonatec GMBH.D 10823 Berlin
Germany) according to the method of Capell and Doerffling (1993). To obtain cell
sap, the frozen-thawed leaf material of leaf was enclosed in a 2 ml plastic syringe
and was pressed to ooze out the sap (50 µ1) to take readings (milliosmol) from the
osmometer. The readings from osmometer were transferred to MPa values.

3.3.5

Leaf Water Potential (Mpa)
The water potential of leaf was recorded by a pressure bomb according to

Scholander et al., (1965). Fresh and fully expanded leaves were excised from the
plants and were placed in a sealed sleeve. It was fixed through specimen holder on
the pressure vessel. After an hour of mounting, the required pressure was attained
in pressure vessel until the sap appeared from excised end of leaf sample. At this
point, the pressure reading was equivalent to the negative force with which the
plant water is held within that particular sample.

3.3.6

Epicuticular Wax Content (μg/m2)
Leaf area was measured and leaf samples (05) were washed thrice in 10 ml

chloroform for 30 sec/wash. After this, the extract was filtered, water was evaporated
and wax was weighed. It was expressed on the basis of leaf area only, i.e wax content
μg/m2 (Silva Fernandes et al., 1964).
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3.3.7

Relative Water Content (%)
Relative water content of leaf was determined by method developed by Barrs

and Weatherley (1962). Completely extended leaves were removed and fresh weight
of leaf was taken immediately. The leaves were soaked in distilled water for 4 hrs
under a constant light at room temperature. The turgid weight of leaf was calculated.
The sample was dried at 80 °C for 24 hrs. The total dry mass of the sample was
recorded. Finally, the relative water content of the leaf was calculated by employing
follow formula:

3.3.8

Statistical Analysis
Analysis of variance was determined and means were compared by employing

Least Significant Difference (LSD) Test at 5 % level of probability. The statistical
work was done using the computer based statistical package MSTATC following Steel
and Torrie (1980).

3.4

EVALUATION OF WHEAT CULTIVARS ON MOLECULAR BASIS

The experiment was conducted three times in Department of Horticulture and
Land Escape Architecture, Purdue University, USA. Seeds of five wheat (Triticum
aestivum L.) cultivars (GA-2002, Chakwal-97, Uqab-2000, Chakwal-50 and Wafaq2001) were obtained from National Agricultural Research Center, Islamabad. Seeds
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were sown in petri dishes and after seven days the seedlings were transplanted into
hydroponics having modified MS medium solution (Murashige and Skoog, 1962).
After three to four days the modified MS medium was supplemented by PEG 6000 to
induce osmotic stress of -8 bars. MS medium without PEG served as control. After
two days, there was a visible effect of the treatment on growth, and plants were
harvested and stored in freezer at -20 °C. PEG-6000 solution of -8 bars was made
according to the method of Michel and Kaufmann (1973). Completely Randomize
Design (CRD) in a factorial set up was laid with three replications.

3.4.1

Primer Design:
The primers’ design was done on the basis of the five DHN gene sequences as

reported below. As an internal control, a fragment of wheat α-Tubulin gene was also
amplified. The selections of Primers were made using ‘Primer 3’ software (available at
www.basic.nwu.edu/biotools) and were prepared commercially (Eurofins MWG
Operon, United States of America). The details of Primer sequences, target genes and
accession numbers have been given below.

3.4.2

Primers Used in RT-PCR
Primer sequences, target genes and accession numbers are listed.

Primer Sequences
(5ʹ to 3ʹ)
AAGAGGCAGAGATGGAGTTC
TCCCTGACACAGACGAGAT

Target Gene

TdDHN15 (T. durum)

Gene Bank
Accession Number
X78431
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CAAAGAGCAAAAGCTAAAGCCACAACCAAGTCCAGTTTAGGAAGAGGCA
GAGATGGAGTTCCAAGGGCAGCACGACAACCCCGCCAACCGCGTCGACGA
GTACGGCAACCCGTTCCCGCTGGCCGGCGGCGTGGGGGGAGGACACGCCG
CTCCTGGCACCGGCGGGCAGTTACAGGCCCGCAGGGGAGAGCACAAGACC
GGTGGGATCCTGCATCGCTCCGGCAGCTCCAGCTCCAGCTCGTCTTCCGAG
GACGACGGCATGGGCGGGAGGAGGAAGAAGGGCATGAAAGAGAAGATCA
AGGAGAAGCTCCCCGGCGGCCACAAGGACAACCAGCAGCACATGGCGACT
GGTACAGGGACTGGAGGAGCCTACGGGCCGGGGACTGGAACTGGTGGAGC
CTACGGGCAGCAAGGCCACGCAGGAATGGCCGGCGCCGGCACTGGCACCG
GCGAGAAGAAGGGGATCATGGACAAGATTAAGGAGAAGCTGCCGGGACA
GCACTGAGCCGACGGCTCCGGCTGGCCGCTTCCTTTGCATAGCTACACGCG
TCAATGCCTTCTAGTTCCACGTGATCTTTTTGTTCAATAATAATAAGATGAA
GCAGAACGAAAACTTGTCTCTGATCTCGTCTGTGTCAGGGACACTTTTCTG
TATACAGCGTGCGTCGTGTTTGTTATGTTTTGTGTGTTGTGTCTTCATGTTG
AAACAAATTTAGTGTACAACTGAAAAAAAAAAAAAAAAAAAAAAAAA

Primer Sequences
(5ʹ to 3ʹ)
TGGAAAGCATCACGGAGA
ATACACGGTGGAAGTTGGC

Target Gene

WDHN13 (T. aestivum)

Gene Bank
Accession Number
AB076807

TGAGGGCAAGATGGAGCACCAGGGGCACGGCGCAGGCGAGAAGAAGGGC
GTCATGGAAAGCATCACGGAGAAGCTCCCCCGTGGCCATGGTGATCACCA
GCAGGCCACCGGTGGCACGTACGGGCAGCAAGGACACACCGGAGTTACCG
GCACAGGCACCGGCACCGGCGAGAAGAAGGGCGTCGTCGAGAACATCAA
GGAGAAGCTTCCCGGTGGGCACGGTGACCACCAGCACACCACTGGAATGA
GCGGCTCGAAGACGCATGCCACCACAGCCACCACCGATGGCAACTACGGG
AAGTCGGGACACACCGGCACTGACAGCACCGGTGAGAACAAGAGCATGAT
GGACAAGATCAAGGACAAGCTGCCTGGACAGCACTAAGCCCAGCCGGTCT
GCCCACGCCCGCGCCCGACCCGCTACTTTGCAGAATATATAATAAGATGGC
CAACTTCCACCGTGTATACATGAATTTAAGCTTTCATGGAGGAGCGCCCCA
ATTCATCTGGGTTTAAGCTTTCATGGACAACAGTGTGTCGAGGGTTTTCGTT
TGTTTACAATTTGCATACTTTGACATGGAAATTTCCTTTTGGTTCAACCGGT
GCATGGTATGCTATGGCATCTAATATAAATATAAGCAAAATGTTAAGTTTG
CA

Primer Sequences
(5ʹ to 3ʹ)
GCTCCAGTTCGTCTGAGGAT
TCCACCAGACTCAGAACTCA

Target Gene

TdDHN16 (T. durum)

Gene Bank
Accession Number
X78429
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CAGATTTCTGAGATAATCAAAATCAGCACCTGTGCAAGATGGAGTACCAG
GGACAGCAGCAGCACGGCCAGGCGGCGACCAACCGCTTCGCCGAGTACGG
TAACCTGGTGGCCGGACATGGTGCCGGCACCGGGATGGCTGCGCACGGCG
GCGTCGGCACCGGTGCCGTTGCGGCTGCAGGTGGGCATTTCCAGCCCACGA
GGGAGGAGCACAAGGCCGGAGGGATCCTGCAGCGCTCCGGCAGCTCCAGT
AGCTCCAGTTCGTCTGAGGATGATGGCATGGGCGGGAGGAAGAAGAAGGG
CATCAAGGATAAGATCAAAGAGAAGCTTCCGGGTGGCCACGGCGACCAGC
AGCAGACCGCCGGCACCTACGGACAGCAAGGTCATACGGGAACGGCCGGC
ACCGGCGGCACTTACGGCCAACCGGGACACACCGGAATGGCTGGCACCGA
CAGCACCGGTGAGAAGAAGGGCATCATGGACAAGATCAAGGAGAAGCTG
CCCGGACAGCACTGAGCCCGGCCCGCAGCAGCTACTCGAGAGTTGAGGTG
CCGATCTGGCCACCTTTGCAGAATAATAAGATGGAGATGCAGTAAAACTTC
CCGAAATAAAGTGAGCTACTCACTTGTGATGTCTGAGTTCTGAGTCTGGTG
GACTTGAATTTGGGCTGCTTGTATGTACCCGGGATGTTTTGTGCTCTGTACT
TCGATGTGTGAATTTTCTTTTGGTTGTACTGTGTATTTATTATATGGGGATG
TATATCATGGTATAATGCAATATATTTTGCCCTTTTACTTGAAAAAAAAAA
AAAAAAA

Primer Sequences
(5ʹ to 3ʹ)
AGATTTCCCGAGTGACAAGTTC
TCCTCCAACGACCAAGTGA

Target Gene

TdDHN9.6 (T. durum)

Gene Bank
Accession Number
X78432

ACACAACCAAGACAAGTAAACAGCAGCACTAGTAGATTTCCCGAGTGACA
AGTTCAGCGCAACATGGAGCACCAGGGACACGGCACCGGCGAGAAGAAG
GGCATCATGGAGAACATCAAGGAGAAGCTCCCCGGTGGCCAAGGTGACCA
CCAGCAGACCGCTGGCACCCACGGGCAGCATGGACACACTGGAATGACAG
GCACGGAGATGCATGACACCACGGCCACCGGCGGCACCCATGGGCAGCAG
GGGCTTACCGGAACGACTGGCACTGGGACACACGGCACCGGTGAGAAGAA
GAGCCTCATGGACAAGGTGAAGGAGAAGCTGCCTGGACAGCACTAAGCTC
GGTCTGCCCACGGCCGCCACCTTTGCAGAATAATACTCCACCGTATATGAA
TTGATCTGAGTCTAGTTCACCTAGCTCACTTGGTCGTTGGAGGAGCAAATG
TATCTCTGGTTTAAGTTTTCACGGACAACAGTGTGTTCACAGTTTTCGTCTA
TTTACACTCCGTCATGCAAATTTCCTTTTTGTTCCAAAAAAAAAAAAAAAA
A

Primer Sequences
(5ʹ to 3ʹ)
GGAGGTGATGATGCTTTCAA
TGTATGGCTCAACAACAGAGG

Target Gene
α-Tubulin (T. aestivum)

Gene Bank
Accession Number
U76558
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CCGCGTCGACAGGCGTCTTCGTACTCGCCTCTCTCCGCGCATCCTAGCCTTC
GCCCTCCTCCTTCCCCATTTCGCCAGCGGCGCAGCCCACCAACCACCCCCA
CCCGCCGCCATGAGGGAGTGCATCTCGATCCACATCGGCCAGGCCGGCAT
CCAGGTCGGGAACGCGTGCTGGGAGCTCTACTGCCTCGAGCATGGCATTCA
GCCTGATGGCCAGATGCCCGGTGACAAGACCGTTGGGGGAGGTGATGATG
CTTTCAACACCTTCTTCAGCGAGACTGGTGCTGGGAAGCATGTCCCCCGCG
CTGTCTTTGTAGATCTCGAGCCCACTGTGATTGATGAGGTGAGGACTGGTG
CTTACCGCCAGCTCTTCCACCCTGAGCAGCTTATCAGTGGCAAGGAGGATG
CAGCCAACAACTTCGCCCGTGGTCATTACACCATTGGCAAGGAGATTGTTG
ATCTGTGCCTTGACCGTATCAGGAAGCTTTCAGACAACTGCACTGGTCTCC
AGGGATTCCTTGTATTCAACGCTGTTGGAGGTGGAACTGGCTCTGGCCTTG
GCTCGCTTCTCCTGGAGCGCCTCTCTGTTGACTATGGAAGAAAGTCCAAGC
TTGGGTTCACGGTGTACCCATCTCCCCAGGTCTCCACCTCTGTTGTTGAGCC
ATACAACAGTGTCCTGTCCACCCACTCACTCCTTGAGCACACTGATGTCTC
TATCCTTCTTGACAATGAGGCCATCTATGACATCTGCCGCCGCTCCCTTGAC
ATTGAGCGCCCAACATACACCAACCTCAACAGGCTTGTTTCTCAGGTCATT
TCATCACTGACAGCTTCCCTGAGGTTTGATGGTGCTCTGAATGTTGATGTC
AATGAATTCCAGACCAACTTGGTGCCCTACCCGAGGATCCACTTCATGCTT
TCCTCCTATGCCCCAGTGATCTCAGCTGAGAAGGCTTACCATGAGCAGCTG
TCCGTTGCTGAGATCACCAACAGCGCCTTTGAGCCTTCGTCCATGATGGCC
AAGTGCGACCCCCGCCACGGCAAGTACATGGCCTGCTGTCTCATGTACCGT
GGTGATGTTGTGCCAAAGGACGTCAACGCTGCTGTGGCCACCATCAAGAC
CAAGCGCACTATTCAGTTTGTTGACTGGTGCCCCACTGGCTTCAAGTGTGG
TATCAACTACCAGCCACCAGGTGTCGTCCCAGGCGGTGACCTTGCCAAGGT
CCAGAGGGCTGTGTGCATGATCTCCAACTCCACCAGTGTCGTCGAGGTCTT
CTCCCGCATCGACCACAAGTTTGACCTGATGTACGCCAAGCGTGCCTTCGT
CCACTGGTACGTCGGTGAGGGCATGGAGGAGGGAGAGTTCTCTGAGGCCC
GTGAGGATCTCGCTGCCCTGGAGAAGGACTATGAAGAAGTTGGTGCTGAG
TTCGACGAGGGTGAGGACGGTGATGAGGGCGATGAGTATTAAGCCTGCCT
CCTGGTGCTTTCCCAAGGCTTGCTACTGCTATCCTATGATCTGCCCGAGTGG
CTTTATCTGTTATCTGTCTGTTTGAACGTTTGCTTTGTGGTGTTTGTTTTACA
ACCTGTTGTGTTGTAAGAACCTTGTATCTTTGAACCTGCTTTGCACCTTGGT
TAATATGCATGCTATCTGGTTATCTAAAAAAAAAAAAAAAAA

3.4.3

RNA Extraction (TRIZOL Reagent)
RNA extraction was carried out following the method employed by Rampino et

al., (2006). The samples were collected from stressed and unstressed plant and were
put in liquid nitrogen, grounded and then stored in refrigerator. The plant samples of
50-100 mg were prepared and homogenized by using 1 ml of Trizol. The
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centrifugation of samples was done at 12000 rpm for 10 min at temperature of 2-8 °C.
These were incubated at 15-30 °C for 5 min. Then, 0.2 ml of chloroform was added
and shaken for 15 sec. The samples were incubated for 2-3 min at 15-30 °C. It was
centrifuged at 12000 rpm for 15 min at 2-8 °C. The mixture after centrifugation was
separated into two distinct phases i.e. a lower red phase and a colorless upper aqueous
phase. RNA remained exclusively in the aqueous phase of the mixture. Aqueous phase
obtained from the mixture was shifted into a fresh tube and RNA was precipitated by
mixing with 0.5 ml isopropyl alcohol and incubated at 15-30 °C for 10 min.
The sample was subjected to centrifugation at 12000 rpm for a period of 10
min at 2-8 °C. The precipitated RNA (gel like pellet) was found at the bottom of tube.
The supernatant was removed. The RNA pellet was washed with 1 ml of ethanol (75
%). The sample was vortexed and centrifuged (at 7500 rpm for 5 min at 2-8 °C) for
mixing. The precipitated RNA was stored in ethanol (75 %) at 2-8 °C for at least one
week or one year at -5 to -20 °C. The dried RNA pellet (incompletely soluble as its
solubility decreased) dissolved in RNAse-free water. The RNA pellet was dissolved in
30 µl DEPC water. 1 µl RNA into 9 µl DEPC water for further use.

3.4.4

First-Strand cDNA Synthesis Using Superscript II RT
First-Strand cDNA synthesis using Superscript II RT was carried out following

the method employed by Rampino et al., (2006). Following components were added to
a nuclease-free microcentrifuge tube.
RNA

DNase

Buffer(10X)

H₂O

Total

2 µl

1 µl

1 µl

6 µl

10 µl
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Then add,
Stop Buffer

dNTP

OligodT

1 µl

1 µl

1 µl

Tubes were placed in heating block filled with water for 5 minutes at 65 °C.
After that tubes were placed in ice and contents of the tube were collected by brief
centrifugation.
Then added,
DDT

Buffer (5X)

2 µl

4 µl

RNaseOUT

Reverse Transcriptase

1 µl

1 µl

Contents were mixed gently and placed in water bath at 42 °C for 90 minutes.
Then place the tubes on heating block for 15 min at 70 °C. The cDNA can now be
used as a template for amplification in PCR.

3.4.5

Polymerase Chain Reaction (PCR)
Polymerase chain reactions were done as described by Rampino et al., (2006)

with minor modifications. Starting point when using first strand cDNA in PCR with
TaqDNA Polymerase.
Following contents were added to a PCR tube (20 µl) and mixed gently:
10X PCR Buffer

4.0 µl

50 mMMgCl₂

2.0 µl

10 mMdNTP Mix

0.5 µl

Forward Primer (10 µM)

1.0 µl

Reverse Primer (10 µM)

1.0 µl
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TaqDNA Polymerase (5 U/µl)

0.1 µl

cDNA from First-Stand Reaction

1.0 µl

Autoclaved Distilled Water

10.4 µl

PCR was programmed to initially denature DNA at 94 oC for 5 min, followed
by 35 cycles of denaturation at 94 oC for 30 sec, annealing was carried out at 57-63 oC
for 30 sec and extension was done at 72 oC for 2 min. Final extension was at 72 oC for
10 min.

3.4.6

Agarose Gel Electrophoresis
The PCR products were separated in one percent (1.0 %) agarose. These were,

then, stained with Ethidium Bromide and were finally analyzed under ultraviolet (UV)
light. The gels were scanned in a Kodak EDAS 290 apparatus (Kodak, Rochester, NY,
USA). The band intensities for different segments were measured by using Kodak 1D
Image Analysis Software. DHN band intensities were normalized using α-Tubulin as
internal control (Rampino et al., 2006).

Chapter 4

RESULTS AND DISCUSSION

4.1

EVALUATION OF WHEAT GENOTYPES AT GERMINATION AND
EARLY SEEDLING STAGE

4.1.1

Germination Percentage
Data regarding effect of osmotic stress on germination percentage of different

wheat cultivars presented in Table 1. Data indicated that increase in osmotic stress
caused a significant decrease in germination percentage in cultivars under study.
Chakwal-50 exhibited better germination percentage (87.13) at all levels of stress
followed by GA-2002 (84.38) and Ckakwal-97 (82.85) whereas overall minimum
germination percentage (73.00) recorded in Uqab-2000. Germination is adversely
affected by drought stress. Maximum germination percentage (77.50 and 70.00) was
recorded in Chakwal-50 followed by GA-2002 (72.50 and 65.00) at osmotic potential
of -6 and -8 bars respectively. Uqab-2000 exhibited minimum germination percentage
(52.50 and 46.25) at osmotic potential of -6 and -8 bars respectively. The cultivars
responded differently to various osmotic stress levels. Similar results were found by
Blum et al., (1980) using PEG-6000 where genotypes had a different germination
percentage under various osmotic stress concentrations.
Germination is considered as one of the first and most fundamental life stage
of a plant which contribute significantly in growth and yield production of wheat
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Table 1:

Effect of osmotic stress on germination percentage in different
wheat varieties.

Varieties

Osmotic Potential (Bars)

Mean

Control

-02

-04

-06

-08

GA-2002

100.00 a

96.88 abc

87.50 d

72.50 g

65.00 h

84.38 B

Chakwal-97

100.00 a

95.63 bc

82.50 e

70.63 g

62.50 h

82.25 C

Uqab-2000

100.00 a

93.75 c

72.50 g

52.50 i

46.25 j

73.00 E

Chakwal-50

100.00 a

98.13 ab

90.00 g

77.50 f

70.00 g

87.13 A

Wafaq-2001

100.00 a

93.75 c

77.50 f

65.00 h

52.50 i

77.75 D

Mean

100.00 A

95.63 B

82.00 C

67.63 D

59.25 E

LSD for Treatment = 1.65, LSD for Variety = 1.65, LSD for Treatment × Variety = 3.69
Means sharing letters in common are insignificant at P > 0.05.

Figure 1.

Germination percentage of wheat varieties at different osmotic
stress levels.
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varieties. The resistance against water stress during the germination makes a plant
stable, vigorous and healthy. Water stress results in late and reduced germination or
might inhibit germination absolutely .Once a seed reaches a critical level of hydration
it will head toward full germination. But it’s also identified that physiological
variations will arise under partial hydration when germination is prevented (Hunter
and Erickson, 1952). The reduction in germination percentage was due to the effect of
PEG 6000 that decreases the water potential gradient among seeds and their adjacent
media and badly affects seed germination (Dodd and Donovan, 1999).
Diverse genetic differences were found among the cultivars with respect to
germination and there was a substantial decline in germination in all wheat cultivars.
These findings are in agreement with the outcomes of Alaei et al., (2010);
Khayatnezhad et al., (2010); Imanparast and Hassanpanah (2009); Bayoumi et al.,
(2008); Perez et al., (2007) reported that with the increase in water stress, germination
percentage decreases. Good germination under water stress is an important parameter
for screening different wheat varieties for drought resistance. So such varieties having
good germination percentage and rate should be selected for good crop yield.

4.1.2

Speed of Germination
Data regarding effect of osmotic stress on speed of germination (SOG)

presented in Table 2. Data indicated that osmotic stress significantly affected SOG.
Cultivars responded differently to various levels of osmotic stress. Increase in osmotic
potential caused a significant decrease in SOG. Chakwal-50 performed better
and showed maximum SOG (11.56) followed by GA-2002 (11.12) and Chakwal-97
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Table 2:

Effect of osmotic stress on speed of germination in different wheat
varieties.

Varieties

Osmotic Potential (Bars)

Mean

Control

-02

-04

-06

-08

GA-2002

16.98 a

13.68 b

10.92 e

7.81 j

6.24 lm

11.12 B

Chakwal-97

17.11 a

13.18 c

10.39 f

7.63 j

6.04 m

10.87 C

Uqab-2000

17.00 a

12.83 c

9.16 h

5.96 m

4.47 o

9.88 E

Chakwal-50

17.35 a

13.89 b

11.62 d

8.28 i

6.63 kl

11.56 A

Wafaq-2001

17.04 a

12.99 c

9.83 g

6.87 k

5.05 n

10.36 D

Mean

17.10 A

13.31 B

10.38 C

7.31 D

5.69 E

LSD for Treatment = 0.19, LSD for Variety = 0.19, LSD for Treatment × Variety = 0.42
Means sharing letters in common are insignificant at P > 0.05.

Figure 2.

Speed of germination of wheat varieties at different osmotic stress
levels.
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(10.87) whereas minimum SOG (9.88) was recorded in Uqab-2000. There was a linear
decrease in SOG with increase in osmotic potential. Chakwal-50 gave better SOG
(8.28 and 6.63) followed by GA-2002 (7.81 and 6.24). Minimum SOG (5.96 and 4.47)
recorded in Uqab-2000 at osmotic potential of -6 and -8 bars respectively.
Germination is a critical stage of plant life and resistance against drought stress
during the germination makes a plant more stable. In many parts of the world, water
stress mainly at seedling phase is a major determinant to wheat production. The degree
and percentage of seed establishment are enormously key factors in deciding yield and
period of maturity (Rauf et al., 2007). Speed of germination is more sensitive than
germination under osmotic stress (Khayatnezhad et al., 2010).
Water stress significantly reduces the speed of germination, thus reducing the
resistance of young plants to withstand other unfavorable field conditions.
Germination is delayed by moderate stress intensities only while greater stress
concentrations had an effect on final germination percentages and these results
associated with the outcomes of Almansouri et al., (2001). Better speed of germination
under water stress conditions is an important parameter for screening wheat cultivars
for drought resistance. So the cultivars having best speed of germination should be
selected for good crop yield.
4.1.3

Shoot Length (cm)
Data regarding effect of osmotic stress on shoot length of different wheat

cultivars presented in Table 3. Increase in osmotic stress caused a substantial decrease
in shoot length in wheat cultivars. Maximum shoot length (7.84 cm) recorded
in Chakwal-50 followed by GA-2002 (7.32 cm) and Ckakwal-97 (7.10 cm) while
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Table 3:

Effect of osmotic stress on shoot length (cm) in different wheat
varieties.

Varieties

Osmotic Potential (Bars)

Mean

Control

-02

-04

-06

-08

GA-2002

12.10 b

9.00 f

7.10 i

5.10 m

3.30 o

7.32 B

Chakwal-97

10.80 c

9.00 f

7.10 i

5.50 l

3.10 op

7.10 C

Uqab-2000

10.40 d

8.80 f

6.60 j

4.90 m

2.90 p

6.72 D

Chakwal-50

12.50 a

9.10 f

7.50 h

6.20 k

3.90 n

7.84 A

Wafaq-2001

9.70 e

8.30 g

6.20 k

4.10 n

2.10 q

6.08 E

Mean

11.10 A

8.84 B

6.90 C

5.16 D

3.06 E

LSD for Treatment = 0.15, LSD for Variety = 0.15, LSD for Treatment × Variety = 0.34
Means sharing letters in common are insignificant at P > 0.05.

Figure 3.

Shoot length of wheat varieties at different osmotic stress levels.
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minimum shoot length (6.08 cm) recorded in Wafaq-2001. Shoot length is inversely
proportional to drought stress. Chakwal-50 gave better shoot length (6.20 cm and 3.90
cm) followed by GA-2002 (5.10 cm and 3.30 cm) and Chakwal-97 (5.50 cm and 3.10
cm) at osmotic potential of -6 and -8 bars respectively. Minimum values of shoot
length (4.10 cm and 2.10 cm) recorded in Wafaq-2001 at osmotic potential of -6 and -8
bars.
In wheat, seedling growth in laboratory environments has been recognized as
appropriate growth phase for testing the drought tolerance. It could be speculated that
presence of increased concentrations of PEG during the growth of seedling prevents
the developmental traits and survival of wheat seedling. Shoot length continuously
decreases by exposure to different osmotic stress levels. Drought tolerance in variety is
described by slight decrease of shoot growth in drought environments. In the present
study, larger decline in shoot length was recorded under stress conditions (at osmotic
potential of -8 bars). Alaei et al., (2010); Khayatnezhad et al., (2010); Perez et al.,
(2007); Okcu et al., (2005) documented that water stress conditions depress the shoot
growth. These findings are in accordance with the statement of Hsiao and Xu (2000);
Munns and Sharp (1993), conveyed that shoot growth was often more reduced than
root growth under stress conditions, a phenomenon commonly found in dry soils.

4.1.4

Root Length (cm)
Data regarding the effect of osmotic stress on root length of different cultivars

presented in Table 4. Data indicated that increase in osmotic stress caused a significant
decrease in root length. Maximum root length (9.60 cm) recorded in Chakwal-50
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followed by GA-2002 (9.32 cm) and Ckakwal-97 (8.52 cm) whereas minimum root
length (7.10 cm) recorded in Wafaq-2001. Root length decreased rapidly with increase
in osmotic potential in wheat cultivars under study. Chakwal-50 gave better root length
(7.31 cm and 5.10 cm) followed by GA-2002 (6.80 cm and 4.90 cm) and Chakwal-97
(6.50 cm and 4.20 cm) at osmotic potential of -6 and -8 bars respectively. Minimum
values of root length (5.00 cm and 3.20 cm) recorded in Wafaq-2001 at osmotic
potential of -6 and -8 bars.
Root growth is an important parameter for plant tolerance to drought stress as
roots are the main engine for meeting transpirational demand and play an important
role in making water available to plants (Huang and Gao, 1999; Liu and Huang, 2000).
Root length of all cultivars used in the present study was significantly reduced by
osmotic stress. Similar outcomes were experienced by Huang and Fu (2000).
Differences in root length were also highly significant among cultivars. In the present
study root length is less affected by water stress as compared with shoot length. The
halt in cell division and cell elongation resulted in tuberization ultimately causing
decrease in root and shoot length. This results in adjustments in the root system which
allows the plant to enter a static mode till the environment becomes favorable again
(Fraser et al., 1990). Radhouane (2007) suggested that varieties having elongated root
length under water stress conditions reflected an adaptive reaction involving an
increase in root length to reach deeper water in the soil. Though root length was
affected due to water stress, considerable reduction due to PEG was obvious at higher
concentration of PEG. The outcomes are in accordance with the indings of Alaei et

48

Table 4:

Effect of osmotic stress on root length (cm) in different wheat
varieties.

Varieties

Osmotic Potential (Bars)

Mean

Control

-02

-04

-06

-08

GA-2002

13.90 a

11.30 e

9.70 g

6.80 kl

4.90 n

9.32 B

Chakwal-97

12.50 b

10.80 f

8.60 h

6.50 l

4.20 o

8.52 C

Uqab-2000

12.00 c

9.50 g

7.70 i

5.30 m

3.60 p

7.62 D

Chakwal-50

14.10 a

11.70 cd

9.80 g

7.30 j

5.10 mn

9.60 A

Wafaq-2001

11.40 de

8.90 h

7.00 jk

5.00 mn

3.20 q

7.10 E

Mean

12.78 A

10.44 B

8.56 C

6.18 D

4.20 E

LSD for Treatment = 0.17, LSD for Variety = 0.17, LSD for Treatment × Variety = 0.37
Means sharing letters in common are insignificant at P > 0.05.

Figure 4.

Root length of wheat varieties at different osmotic stress levels.
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al., (2010); Khayatnezhad et al., (2010); Perez et al., (2007); Okcu et al., (2005)
observed that water stress reduces the root growth.

4.1.5

Coleoptile Length (cm)
Data regarding effect of osmotic stress on coleoptile length of different wheat

cultivars presented in Table 5. Data indicated that osmotic potential caused a
significant decrease in the coleoptile length in all cultivars under study. Cultivars
respond differently to various levels of osmotic stress for coleoptile length. Maximum
coleoptile length (3.59 cm) recorded in Chakwal-50 followed by GA-2002 (3.41 cm)
and Ckakwal-97 (2.91 cm) whereas minimum coleoptile length (2.33 cm) recorded in
Uqab-2000. As stress level increased, the coleoptile length decreased. Chakwal-50
exhibited better coleoptile length (2.88 cm and 1.98 cm) followed by GA-2002 (2.68
cm and 1.90 cm) at osmotic potential of -6 and -8 bars respectively. Wafaq-2001 gave
least values of coleoptile length (1.20 cm and 1.15 cm) at osmotic potential of -6 and 8 bars.
In cereals, coleoptile is a specialized tissue which provides a protective shield
to the primary leaf until it reaches to the soil surface. In dark underground
environment, coleoptile elongation must equal or exceeds that of leaf it encloses, as
they grow upwards together (Salisbury and Ross, 1992). Water availability affects the
coleoptile growth and thus affects the seedling emergence and stand establishment.
Wang et al., (1999) and Song-Ping et al., (2007) found a significant relation under
water stress conditions between drought resistance index (DRI) and coleoptile length
(CL) in wheat, and proposed that CL can be used to assess drought tolerance (DT) and
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Table 5:

Effect of osmotic stress on coleoptile length (cm) in different wheat
varieties.

Varieties

Osmotic Potential (Bars)

Mean

Control

-02

-04

-06

-08

GA-2002

4.70 a

4.30 bc

3.48 e

2.68 g

1.90 h

3.41 B

Chakwal-97

4.18 c

3.90 d

2.98 f

1.90 h

1.60 i

2.91 C

Uqab-2000

3.88 d

3.33 e

2.08 h

1.20 j

1.15 j

2.33 E

Chakwal-50

4.88 a

4.40 b

3.80 d

2.88 f

1.98 h

3.59 A

Wafaq-2001

3.80 d

3.50 e

2.60 g

1.50 i

0.90 k

2.46 D

Mean

4.29 A

3.89 B

2.99 C

2.03 D

1.51 E

LSD for Treatment = 0.09, LSD for Variety = 0.09, LSD for Treatment × Variety = 0.20
Means sharing letters in common are insignificant at P > 0.05.

Figure 5.

Coleoptile length of wheat varieties at different osmotic stress
levels.
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to screen DT genotypes in wheat. Under water stress condition the CL decreases and
the results are in agreement with the outcomes of Song-Ping et al., (2007); Perez et al.,
(2007), reported that CL reduced with increase in osmotic stress.

4.1.6

Shoot and Root Biomass (mg)
The effect of osmotic stress on root fresh weight (RFW) of wheat cultivars

presented in Table 6. Osmotic stress produced a significant decrease in RFW of all
wheat cultivars. Cultivars respond differently to various osmotic stress levels for RFW.
Chakwal-50 exhibited maximum RFW (262.80 mg) followed by GA-2002 (250.00
mg) and Ckakwal-97 (231.20 mg) whereas minimum RFW (202.20 mg) recorded in
Wafaq-2001. Increases in osmotic stress caused a remarkable decrease in RFW.
Chakwal-50 gave better RFW (196.00 mg and 145.00 mg) followed by GA-2002
(181.00 mg and 129.00 mg) at osmotic potential of -6 and -8 bars respectively. Wafaq2001 gave least values of RFW (142.00 mg and 65.00 mg) at osmotic potential of -6
and -8 bars.
Drought stress drastically reduces the root fresh weight in wheat seedling.
Seedling survival in drought prone environments may depend upon the species ability
to compensate for the negative effect of low water potentials in the soil and
atmosphere by adjusting root and shoot morphological and physiological patterns
(Kramer, 1983; Morgan, 1984). The results obtained in this study reveal that RFW is
more affected than that of dry weight and are in agreement with the results obtained by
Murillo-Amador et al., (2002) in cowpea. These results correlates with finding of
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others (Alaei et al., 2010; Sayar et al., 2010; Perez et al., 2007), who found that
osmotic stress caused a significant decrease in root fresh weight of wheat cultivars.
Data regarding the effect of osmotic stress on root dry weight (RDW) of wheat
cultivars presented in Table 7. Osmotic stress caused a significant decrease in RDW of
all wheat cultivars under study. Cultivars respond differently to various levels of
osmotic stress for RDW. Chakwal-50 gave maximum RDW (138.00 mg) followed by
GA-2002 (129.00 mg) and Ckakwal-97 (121.80 gm) whereas minimum RDW (99.40
mg) recorded in Wafaq-2001. Root dry weight deceased, with increase in osmotic
stress. Chakwal-50 exhibited better RDW (113.00 mg and 90.00 mg) followed by GA2002 (104.00 mg and 78.00 mg) at osmotic potential of -6 and -8 bars respectively.
Wafaq-2001 gave least values of RDW (93.00 mg and 28.00 mg) at osmotic potential
of -6 and -8 bars. Seedling dry weight indicated that cultivar Chakwal-50 was less
affected by drought stress as compared to other cultivars.
Water stress adversely affects the root dry weight. Moreover, diverse genetic
differences were found among the cultivars with respect to seedling growth subjected
PEG. Root dry weight is less affected than fresh weight. PEG significantly reduces the
RDW of all cultivars.
The outcomes obtained in this study revealed that dry mass was less affected
than fresh weight and results are in agreement with the findings of Alaei et al., (2010),
Sayar et al., (2010), Bayoumi et al., (2008) and Perez et al., (2007) who reported that
osmotic stress produced a substantial decline in RDW of wheat cultivars.
The effect of osmotic stress on shoot fresh weight (SFW) of wheat cultivars
presented in Table 8. Osmotic stress caused a significant decrease in SFW of all
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Table 6:

Effect of osmotic stress on root fresh weight (mg) in different wheat
varieties.

Varieties

Osmotic Potential (Bars)

Mean

Control

-02

-04

-06

-08

GA-2002

381.00 a

310.00 e

249.00 i

181.00 m

129.00 p

250.00 B

Chakwal-97

362.00 b

291.00 f

228.00 j

164.00 n

111.00 q

231.20 C

Uqab-2000

340.00 c

267.00 gh

210.00 k

150.00 o

90.00 r

211.40 D

Chakwal-50

389.00 a

321.00 d

263.00 h

196.00 l

145.00 o

262.80 A

Wafaq-2001

329.00 d

276.00 g

199.00 l

142.000 o

65.00 s

202.20 E

Mean

360.20 A

293.00 B

229.80 C

166.60 D

108.00 E

LSD for Treatment = 4.45, LSD for Variety = 4.45, LSD for Treatment × Variety = 9.94
Means sharing letters in common are insignificant at P > 0.05.

Figure 6.

Root fresh weight of wheat varieties at different osmotic stress
levels.
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Table 7:

Effect of osmotic stress on root dry weight (mg) in different wheat
varieties.

Varieties

Osmotic Potential (Bars)

Mean

Control

-02

-04

-06

-08

GA-2002

181.00 b

151.00 d

131.00 f

104.00 j

78.00 m

129.00 B

Chakwal-97

164.00 c

149.00 d

125.00 fg

100.00 jk

71.00 n

121.80 C

Uqab-2000

142.00 e

140.00 e

121.00 gh

95.00 kl

41.00 o

107.80 D.

Chakwal-50

188.00 a

161.00 c

138.00 e

113.00 i

90.00 l

138.00 A

Wafaq-2001

131.00 f

129.00 f

116.00 hi

93.00 l

28.00 p

99.40 E

Mean

161.20 A

146.00 B

126.20 C

101.00 D

61.60 E

LSD for Treatment = 3.07, LSD for Variety = 3.07, LSD for Treatment × Variety = 6.86
Means sharing letters in common are insignificant at P > 0.05.

Figure 7.

Root dry weight of wheat varieties at different osmotic stress levels.
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cultivars under study. Cultivars respond differently to various osmotic stress levels for
SFW. Chakwal-50 exhibited maximum SFW (363.00 mg) followed by GA-2002
(346.00 mg) and Ckakwal-97 (328.00 mg) whereas minimum SFW (286.20 mg)
recorded in Uqab-2000. Shoot fresh weight decreased, with increase in osmotic stress.
Chakwal-50 exhibited better SFW (297.00 mg and 239.00 mg) followed by GA-2002
(287.00 mg and 203.00 mg) at osmotic potential of -6 and -8 bars respectively. Least
values of SFW (191.00 mg and 131.00 mg) recorded in Uqab-2000 at osmotic
potential of -6 and -8 bars.
Water stress depresses the wheat shoot growth rather than root development.
Moreover, distinct genetic differences were found among the cultivars with respect to
shoot growth subjected PEG. Shoot fresh weight was more affected than root fresh
weight. Shoot fresh weight showed that cultivar Chakwal-50 was less affected as
compared to other cultivars. The decrease in shoot biomass was attributed to lesser
number and development of reduced leaves with increased concentration of PEG in the
growing medium. The outcomes are in agreement with the results of Khan et al.,
(2010), Kamran et al., (2009) and Kaydan and Yagmur (2008) who reported that SFW
is adversely affected due to osmotic stress.
Data regarding effect of osmotic stress on shoot dry weight (SDW) of wheat
cultivars presented in Table 9. Osmotic stress caused a significant decrease in SDW of
all cultivars under study. Cultivars respond differently to various osmotic stress levels
for SDW. Chakwal-50 gave maximum SDW (245.60 mg) followed by GA-2002
(232.40 mg) and Ckakwal-97 (201.80 gm) whereas minimum SDW (147.40 mg)
recorded in Uqab-2000. Shoot dry weight decreased, with increase in osmotic stress.
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Table 8:

Effect of osmotic stress on shoot fresh weight (mg) in different
wheat varieties.

Varieties

Osmotic Potential (Bars)

Mean

Control

-02

-04

-06

-08

GA-2002

483.00 ab

410.00 f

347.00 ij

287.00 m

203.00 p

346.00 B

Chakwal-97

471.00 bc

400.00 fg

332.00 jk

249.00 n

188.00 pq

328.00 C

Uqab-2000

445.00 de

376.00 h

288.00 m

191.00 pq

131.00 r

286.20 E

Chakwal-50

499.00 a

429.00 e

351.00 i

297.00 ln

239.00 no

363.00 A

Wafaq-2001

460.00 cd

389.00 gh

314.00 kl

224.00 o

174.00 q

312.20 D

Mean

471.60 A

400.80 B

326.40 C

249.60 D

187.00 E

LSD for Treatment = 8.26, LSD for Variety = 8.26, LSD for Treatment × Variety = 18.46
Means sharing letters in common are insignificant at P > 0.05.

Figure 8.

Shoot fresh weight of wheat varieties at different osmotic stress
levels.
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Table 9:

Effect of osmotic stress on shoot dry weight (mg) in different wheat
varieties.

Varieties

Osmotic Potential (Bars)

Mean

Control

-02

-04

-06

-08

GA-2002

314.00 b

271.00 e

224.00 g

193.00 hi

160.00 jk

232.40 B

Chakwal-97

299.00 c

238.00 f

200.00 hi

156.00 k

116.00 m

201.80 C

Uqab-2000

271.00 e

187.00 i

133.00 l

85.00 n

61.00 o

147.40 E

Chakwal-50

328.00 a

288.00 cd

239.00 f

202.00 h

171.00 j

245.60 A

Wafaq-2001

282.00 de

203.00 h

163.00 jk

104.00 m

83.00 n

167.00 D

Mean

298.80 A

237.40 B

191.80 C

148.00 D

118.20 E

LSD for Treatment = 6.20, LSD for Variety = 6.20, LSD for Treatment × Variety = 13.87
Means sharing letters in common are insignificant at P > 0.05.

Figure 9.

Shoot dry weight of wheat varieties at different osmotic stress
levels.
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Chakwal-50 exhibited better SDW (202.00 mg and 171.00 mg) followed by GA-2002
(193.00 mg and 160.00 mg) at osmotic potential of -6 and -8 bars respectively .Uqab2000 gave least values of SDW (85.00 mg and 61.00 mg) at osmotic potential of -6
and -8 bars.
Water stress adversely affects the shoot growth of wheat cultivars. Genetic
variations were recorded among the cultivars with respect to shoot growth subjected to
osmotic stress conditions. Shoot dry weight is more affected than root dry weight.
Shoot dry weight indicated that cultivar Chakwal-50 was less affected as compared to
other cultivars. The decline in shoot biomass was due to water stress. The outcomes
are in agreement with the results of Khan et al., (2010) and Kamran et al., (2009),
stated that shoot dry weight is affected due to osmotic stress.

4.1.7

Coefficient of Relative Inhibition
Data regarding effect of osmotic stress on coefficient of relative inhibition

(CRI) of different wheat cultivars is presented in Table 10. Data indicated that increase
in osmotic stress caused a significant increase in CRI in all cultivars. Chakwal-50
exhibited minimum CRI (0.321) at all levels of stress followed by GA-2002 (0.337)
and Ckakwal-97 (0.376) whereas overall maximum CRI (0.476) was recorded in
Uqab-2000. Rise in osmotic stress triggered a significant increase in CRI. Coefficient
of relative inhibition increased from 0.17 at -2 bars to 0.62 under -8 bars osmotic
stress. Chakwal-50 gave minimum CRI (0.390 and 0.493) followed by GA-2002
(0.400and 0.518) at osmotic potential of -6 and -8 bars respectively. Uqab-2000
showed maximum CRI (0.563 and 0.753) at osmotic potential of -6 and -8 bars.
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Table 10:

Effect of osmotic stress on coefficient of relative inhibition in
different wheat varieties.

Varieties

Osmotic Potential (Bars)

Mean

-02

-04

-06

-08

GA-2002

0.148 k

0.283 h

0.400 f

0.518 d

0.337 D

Chakwal-97

0.160 jk

0.300 gh

0.448 e

0.598 b

0.376 C

Uqab-2000

0.0208 i

0.383 f

0.563 bc

0.753 a

0.476 A

Chakwal-50

0.130 k

0.270 h

0.390 f

0.493 d

0.321 D

Wafaq-2001

0.200 ij

0.328 g

0.523 cd

0.733 a

0.444 B

Mean

0.168 D

0.313 C

0.465 C

0.619 A

LSD for Treatment = 0.02, LSD for Variety=0.02, LSD for Treatment × Variety = 0.04
Means sharing letters in common are insignificant at P > 0.05.

Figure 10.

Coefficient of relative inhibition of wheat varieties at different
osmotic stress levels.
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Coefficient of relative inhibition is a measure of growth inhibition. Greater is
the coefficient, more is the inhibition of plant growth. Increase in CRI indicates a
progressive inhibition of plant growth in conformity to the observation of Meiri and
Poljakoff-Mayber (1970) who found that the reduction in the plant growth was
dependent on the ultimate level of stress condition. These outcomes are in line with the
findings of Mercado (1973) who described positive relationship between CRI and
growth reduction under stress. Differences among cultivars were also highly
significant for CRI. Chakwal-50 and GA-2002 showed minimum values of CRI
therefore showed maximum resistance against water stress as compared to other
cultivars. Uqab-2000 exhibited the maximum values of CRI and showed minimum
resistance against water stress. Therefore Chakwal-50 may be considered more stress
resistant variety followed by GA-2002, and Uqab-2000 being the most susceptible.
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4.2

EVALUATION OF WHEAT CULTIVARS ON BIOCHEMICAL BASIS

4.2.1

Proline Content (mg/g)
Data regarding proline content presented in Table 11 showed that osmotic

potential significantly affected proline accumulation. Increase in osmotic stress was
accompanied by increase in proline content. Maximum proline content (2.65 mg/g)
accumulated at -8 bars of osmotic potential followed by 1.89 mg/g and 1.22 mg/g at
osmotic potential of -6 and -4 bars respectively. Proline accumulated in all the
varieties was significantly different. Maximum proline accumulated (1.79 mg/g) in
Chakwal-50 that was expressively greater than all other varieties followed by GA2002 (1.48 mg/g) and Chakwal-97 (1.37 mg/g) respectively. Minimum proline
accumulated (0.89 mg/g) in Uqab-2000. As stress level increased from control to -8
bars there was a progressive and significant rise in proline accumulation in all
varieties, however when stress was induced Chakwal-50 accumulated significantly
higher amount of proline at all levels of stress as compared to other varieties. Almost
similar trend i.e increase in stress caused a significantly higher amount of proline
accumulation was recorded in all other varieties. Maximum proline content (3.60
mg/g) accumulated in Chakwal-50 followed by GA-2002 (2.86 mg/g) and Chakwal-97
(2.66 mg/g) at osmotic potential of -8 bars, whereas minimum proline content (0.30
mg/g) accumulated in Uqab-2000 followed by Wafaq-2001 (0.31 mg/g) and GA-2002
(0.33 mg/g) at control respectively. The overall data indicated that under stress
condition proline accumulation increased significantly.
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Table 11:

Effect of osmotic stress on proline content (mg/g) in different wheat
varieties.
Osmotic Potential (Bars)

Varieties

Mean

Control

- 02

- 04

- 06

- 08

GA-2002

0.33 p

0.74 mn

1.38 i

2.07 e

2.86 b

1.48 B

Chakwal-97

0.36 p

0.67 n

1.22 j

1.93 f

2.66 c

1.37 C

Uqab-2000

0.30 p

0.56 o

0.80 lm

1.13 k

1.65 h

0.89 E

Chakwal-50

0.35 p

0.88 l

1.62 h

2.53 d

3.60 a

1.79 A

Wafaq-2001

0.31 p

0.66 n

1.11 k

1.78 g

2.47 d

1.27 D

Mean

0.33 E

0.70 D

1.22 C

1.89 B

2.65 A

LSD for Treatment = 0.04, LSD for Variety = 0.04, LSD for Treatment × Variety = 0.09
Means sharing letters in common are insignificant at P > 0.05.

GA-2002

Chakwal-97

Uqab-2000

Chakwal-50

Wafaq-2001

3.50

Proline (mg/g)

3.00
2.50
2.00
1.50
1.00
0.50
0.00

Control

Figure 11.

-2 Bars

-4 Bars

-6 Bars

-8 Bars

Proline content of wheat varieties at different osmotic stress levels.
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Osmotic adjustment is achieved by plant cells by accumulation of compatible
solutes such as proline, proteins, polyols and betaine to protect membranes (Delauney
and Verma, 1993). Under osmotic stress environments these compatible solutes are
overproduced aiming to facilitate osmotic adjustment (Hasegawa et al., 2000; Shao et
al., 2005; Zhu, 2000). These compounds accumulated in high quantities generally in
cytoplasm of stressed cells deprived of interfering with macromolecules and acted as
osmoprotectants (Yancey, 1994). Proline has an important part in stabilizing cellular
proteins and tissues in existence of high concentrations of osmoticum (Yancey, 1994
and Errabii et al., 2006).
Tatar and Gevrek (2008) and Kameli and Losel (1996) showed that wheat
proline content increased under drought stress. Higher proline content in wheat plants
after water stress has been reported by Vendruscolo et al., (2007) and Patel and Vora
(1985). Increasing amount of proline was also established in several stress conditions
(Poustini et al., 2007; Charest and Phan, 1990; Tian and Lei, 2007) in wheat. Further it
has also been pointed out by Nayyar (2003) that free proline levels increases in wheat
under water deficit stress.

4.2.2

Total Soluble Sugar Content (mg/g)
Data regarding total soluble sugar (TSS) contents presented in Table 12

indicted that osmotic potential significantly affected sugar accumulation. Increase in
osmotic stress was accompanied by increase in TSS contents. Maximum TSS content
(3.78 mg/g) accumulated at -8 bars of osmotic potential followed by 3.06 mg/g and
2.13 mg/g at -6 and -4 bars respectively. TSS content accumulated in all the varieties
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was significantly different. Maximum TSS content (2.64 mg/g) accumulated in
Chakwal-50 that was significantly higher than other varieties followed by GA-2002
(2.55 mg/g) and Chakwal-97 (2.50 mg/g) respectively. Whereas minimum TSS content
(2.14 mg/g) accumulated in Uqab-2000. As stress level increased from control to -8
bars there was a significant increase in TSS accumulation in all varieties. Maximum
TSS content (4.41 mg/g) accumulated in Chakwal-50 followed by GA-2002 (4.08
mg/gm) and Chakwal-97 (4.04 mg/gm) at osmotic stress of -8 bars, whereas minimum
TSS content (1.46 mg/g) accumulated in Wafaq-2001 at control. Overall data indicated
that under stress conditions TSS content increased significantly.
Accumulation of total soluble sugars in response to drought is quite well
documented (Izanloo et al., 2008, Watanabe et al., 2000). TSS content in leaves
significantly increased under stress condition. The increase in total soluble sugars
under water stress environments has been reported by Johari et al., (2010). Higher
amount of total soluble sugars and a lower amount of starch were found under stress in
results of Mohammadkhani and Heidari (2008).

Total soluble sugars play an

important part in osmotic adjustment. Under drought condition, accumulation of
glucose and fructose is involved in a signal transduction pathway. The similar increase
was observed in Chakwal-50 and GA-2002 under stress conditions. These cultivars
can be considered as drought tolerant as these performed well under drought stress by
accumulating total soluble sugars. Although Uqab-2000 and Wafaq-2001 accumulated
minimum amount of total soluble sugars, so these could be taken as sensitive ones.
TSS content shown to be a superior marker than proline content for selecting
of drought tolerance in wheat (Al-Hakimi et al., 1995). Kerepesi and Galiba (2000)

65

Table 12:

Effect of osmotic stress on total soluble sugar content (mg/g) in
different wheat varieties.

Varieties

Osmotic Potential (Bars)

Mean

Control

- 02

- 04

- 06

- 08

GA-2002

1.52 i

1.68 i

2.24 g

3.25 cde

4.08 b

2.55 AB

Chakwal-97

1.49 i

1.64 i

2.16 g

3.15 de

4.04 b

2.50 B

Uqab-2000

1.47 i

1.50 i

1.94 h

2.71 f

3.08 e

2.14 C

Chakwal-50

1.49 i

1.65 i

2.23 g

3.40 c

4.41 a

2.64 A

Wafaq-2001

1.46 i

1.55 i

2.06 gh

2.79 f

3.31 cd

2.23 C

Mean

1.49 E

1.60 D

2.13 C

3.06 B

3.78 A

LSD for Treatment = 0.10, LSD for Variety = 0.10, LSD for Treatment × Variety = 0.21
Means sharing letters in common are insignificant at P > 0.05.

GA-2002

Chakwal-97

Uqab-2000

Chakwal-50

Wafaq-2001

5.00

Total Soluble Sugar (mg/g)

4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
Control

Figure 12.

-2 Bars

-4 Bars

-6 Bars

-8 Bars

Total soluble sugar content of wheat varieties at different osmotic
stress levels.
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observed that tolerant genotypes accumulated more total water-soluble carbohydrate
(WSC), glucose, fructose and sucrose than did sensitive ones.

4.2.3

Chlorophyll Content (mg/g)
Data regarding chlorophyll “a” content presented in Table 13 indicated that

osmotic potential significantly affected chlorophyll “a” content. Increase in osmotic
stress caused a decrease in chlorophyll “a” content. Maximum chlorophyll “a”
contents (1.50 mg/g) recorded under controlled conditions followed by 1.44 mg/g and
1.25 mg/g at osmotic potential of -2 and -4 bars respectively. Minimum chlorophyll
“a” content (0.72 mg/g) found under osmotic potential of -8 bars. Chlorophyll “a”
content accumulated in all the varieties was significantly different. Maximum
chlorophyll “a” content (1.26 mg/g) recorded in GA-2002 was significantly higher
than all other varieties followed by Chakwal-50 (1.24 mg/g) and Chakwal-97 (1.20
mg/g) respectively. Whereas minimum chlorophyll “a” content (1.05 mg/g) recorded
in Uqab-2000. With increase in osmotic stress there was a significant decrease in
chlorophyll “a” content in all varieties under study. Almost similar trend i.e increase in
osmotic potential caused a decline in chlorophyll “a” content was recorded in all other
varieties, however when stress was induced Chakwal-50 performed better at all
osmotic stress levels as compared to other varieties. Maximum chlorophyll “a” content
(1.59 mg/g) recorded in GA-2002 followed by Chakwal-50 (1.51 mg/g) and Chakwal97 (1.50 mg/g) under controlled conditions, whereas minimum chlorophyll “a” content
(0.45 mg/g) was recorded in Uqab-2000 followed by Wafaq-2001 (0.50 mg/g) at
osmotic potential of -8 bars.
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Table 13:

Effect of osmotic stress on chlorophyll “a” content (mg/g) in
different wheat varieties.
Osmotic Potential (Bars)

Varieties

Mean

Control

- 02

- 04

- 06

- 08

GA-2002

1.59 a

1.50 bc

1.29 f

1.04 i

0.86 k

1.26 A

Chakwal-97

1.50 bc

1.45 cde

1.25 fgh

0.95 j

0.86 k

1.20 B

Uqab-2000

1.46 cd

1.41 de

1.22 gh

0.72 l

0.45 m

1.05 C

Chakwal-50

1.51 b

1.45 cd

1.27 fg

1.06 i

0.91 j

1.24 A

Wafaq-2001

1.44 d

1.40 e

1.21 h

0.76 l

0.50 m

1.06 C

Mean

1.50 A

1.44 B

1.25 C

0.91 D

0.72 E

LSD for Treatment = 0.02, LSD for Variety = 0.02, LSD for Treatment × Variety = 0.05
Means sharing letters in common are insignificant at P > 0.05.

GA-2002

Chakwal-97

Uqab-2000

Chakwal-50

Wafaq-2001

1.60
1.40

Chlorophyll "a" (mg/g)

1.20
1.00
0.80
0.60
0.40

0.20
Control

Figure 13.

-2 Bars

-4 Bars

-6 Bars

-8 Bars

Chlorophyll “a” content of wheat varieties at different osmotic
stress levels.
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Data regarding chlorophyll “b” content presented in Table 14 indicated that
osmotic potential affected chlorophyll “b” contents. Increase in osmotic stress caused
decline in chlorophyll “b” content. Maximum chlorophyll “b” content (0.64 mg/g)
accumulated at osmotic stress of -4 bars followed by 0.63 mg/g at controlled condition.
Minimum chlorophyll “b” content (0.45 mg/g) recorded at osmotic potential of -8 bars.
Non-significant differences were recorded among cultivars for Chlorophyll “b”
content. With increase in osmotic stress there was a significant decrease in chlorophyll
“b” content in all cultivars under study. Chlorophyll “b” content slightly increased
firstly at osmotic potential of -2 and -4 bars but after that chlorophyll “b” content
decreased sharply. Almost similar trend was observed in all other varieties. The
interaction of varieties and treatments were also non-significant.
Data regarding total chlorophyll content presented in Table 15 showed that
osmotic stress significantly affected total chlorophyll content. Increase in osmotic
stress caused a decline in total chlorophyll content. Maximum total chlorophyll content
(2.12 mg/g) accumulated under controlled condition followed by 2.06 mg/g and 1.89
mg/g at osmotic potential of -2 and -4 bars respectively. Minimum total chlorophyll
content (1.16 mg/g) recorded at osmotic potential of -8 bars. Total chlorophyll content
accumulated in all cultivars was significantly different. Maximum total chlorophyll
content (1.82 mg/g) recorded in GA-2002 that was significantly higher than all
other varieties followed by Chakwal-50 (1.81 mg/g) and Chakwal-97 (1.75 mg/g)
respectively, while minimum total chlorophyll content (1.16 mg/g) recorded in Uqab2000. With increase in osmotic stress there was a significant decrease in total
chlorophyll content in all varieties. Almost similar trend was observed in all other
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Table 14:

Effect of osmotic stress on chlorophyll “b” content (mg/g) in
different wheat varieties.
Osmotic Potential (Bars)

Varieties

Mean

Control

- 02

- 04

- 06

- 08

GA-2002

0.62 a

0.64 a

0.65 a

0.46 d

0.43 d

0.56 A

Chakwal-97

0.63 a

0.62 a

0.64 a

0.46 d

0.40 d

0.55 A

Uqab-2000

0.62 a

0.60 ab

0.64 a

0.45 d

0.48 cd

0.56 A

Chakwal-50

0.63 a

0.64 a

0.66 a

0.47 cd

0.44 d

0.57 A

Wafaq-2001

0.62 a

0.58 abc

0.62 a

0.48 bcd

0.49 bcd

0.56 A

Mean

0.63 A

0.62 A

0.64 A

0.47 B

0.45 B

LSD for Treatment = 0.05, LSD for Variety = 0.05, LSD for Treatment × Variety = 0.12
Means sharing letters in common are insignificant at P > 0.05.

GA-2002

Chakwal-97

Uqab-2000

Chakwal-50

Wafaq-2001

0.70

0.65

Chlorophyll "b" (mg/g)

0.60
0.55
0.50
0.45
0.40
0.35
0.30
Control

Figure 14.

-2 Bars

-4 Bars

-6 Bars

-8 Bars

Chlorophyll “b” content of wheat varieties at different osmotic
stress levels.
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Table 15:

Effect of osmotic stress on total chlorophyll content (mg/g) in
different wheat varieties.
Osmotic Potential (Bars)

Varieties

Mean

Control

- 02

- 04

- 06

- 08

GA-2002

2.21 a

2.13 ab

1.94 efg

1.50 ij

1.29 lm

1.82 A

Chakwal-97

2.13 ab

2.07 bcd

1.90 fgh

1.41 jk

1.26 lmn

1.75 B

Uqab-2000

2.08 bcd

2.00 cde

1.85 gh

1.17 n

0.93 o

1.61 C

Chakwal-50

2.15 ab

2.09 bc

1.92 efgh

1.53 i

1.35 kl

1.81 A

Wafaq-2001

2.06 bcd

1.98 def

1.83 h

1.25 mn

0.99 o

1.62 C

Mean

2.12 A

2.06 B

1.89 C

1.37 D

1.16 E

LSD for Treatment = 0.05, LSD for Variety = 0.05, LSD for Treatment × Variety = 0.10
Means sharing letters in common are insignificant at P > 0.05.

GA-2002

Chakwal-97

Uqab-2000

Chakwal-50

Wafaq-2001

2.30
2.10

Total Chlorophyll (mg/g)

1.90
1.70

1.50
1.30
1.10
0.90
0.70
Control

Figure 15.

-2 Bars

-4 Bars

-6 Bars

-8 Bars

Total chlorophyll content of wheat varieties at different osmotic
stress levels.
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varieties however when stress was induced Chakwal-50 performed better at all stress
levels as compared to other varieties. Maximum total chlorophyll content (2.21 mg/g)
recorded in GA-2002 followed by Chakwal-50 (2.15 mg/g) and Chakwal-97 (2.13
mg/g) under controlled conditions, whereas minimum total chlorophyll content (0.93
mg/g) recorded in Uqab-2000 followed by Wafaq-2001 (0.99 mg/g) at osmotic
potential of -8 bars.
Harsh environments tend to exhibit low chlorophyll contents (Zaharieva et al.,
2001). Components of the photosynthetic apparatus (chlorophyll “a”, “b” and total
chlorophyll) might be damaged expressively in drought sensitive genotypes. Drought
tolerant genotypes were comparatively less affected and the amount of chlorophyll
content in tolerant genotypes was significantly higher than those in drought sensitive
genotypes in water stressed condition. Chlorophyll content might be considered as
consistent indicator in screening plant germplasm for drought tolerance (Rong-Hua et
al., 2006). Tas and Tas (2007) reported that significant reductions were observed in
chlorophyll content and other physiological parameters under water stress and results
of the present study are in agreement with the finding. Keyvan (2010) also reported
that chlorophyll “a”, “b” and total chlorophyll content decreased significantly with the
increase in osmotic stress.
Photosynthetic apparatus decreased more rapidly in Uqab-2000 and Wafaq2001 and can be considered as drought sensitive varieties as compared to other.
Chakwal-50 and GA-2002 are considered as drought tolerant varieties because
photosynthetic apparatus is not decreased much rapidly than Uqab-2000 and Wafaq2001. Chlorophyll contents decreased by water deprivation (EL Kaoau et al., 2007)

72

under drought conditions, dehydration occurs in plant cell because of which various
adaptive mechanisms start with in the plants.
Chlorophyll concentration has been known as an index for evaluation of source
(Herzog, 1986), therefore decrease of chlorophyll content can be considered as a nonstomatal limiting factor in the drought stress environments. Majumdar et al., (1991);
Mayoral et al., (1981) and Kuroda et al., (1990) described about decline of chlorophyll
contents in response to drought stress environments. It is also reported that chlorophyll
content of resistant and sensitive cultivars reduced under water stress conditions
(Sairam et al., 1997).

4.2.4

Total Soluble Protein Content (mg/g)
Data regarding total soluble protein content presented in Table 16 indicated

that osmotic potential significantly affected total soluble protein content. Increase in
osmotic stress was accompanied by increase in total soluble protein content. Maximum
total soluble protein (1.24 mg/g) accumulated at osmotic potential of -8 bars followed
by 1.18 mg/g and 1.03 mg/g at osmotic potential of -6 and -4 bars respectively. Total
soluble protein accumulated in varieties was different. Maximum total soluble protein
(1.15 mg/g) accumulated in GA-2002 that was significantly higher than other varieties
whereas minimum total soluble protein (1.00 mg/g) accumulated in Wafaq-2001. As
stress level increased from control to -8 bars there was a significant increase in total
soluble protein accumulation in all varieties. When stress was induced GA-2002
accumulated significantly higher amount of total soluble protein at all levels of stress.
Maximum total soluble protein (1.35 mg/g) accumulated in GA-2002 followed by
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Chakwal-50 (1.32 mg/g) at osmotic potential of -8 bars, whereas minimum total
soluble protein (0.96 mg/g) accumulated in Wafaq-2001 at controlled conditions.
Overall data indicated that under stress condition total soluble protein increased
significantly.
The osmotic adjustments in the form of cellular solutes including proline and
soluble proteins results in lowering water potential of soil water (Morgan, 1984). It
results in lowering the water potential in cells causing water to enter into the leaves
which ultimately enable plants to keep their turgidity. This may cause reduction in the
detrimental effects of water deficit (Moinuddin and Chopra, 2004).
Under drought stress conditions the rate of total protein synthesis decreases but
it is expected that some of the proteins may be synthesized in greater quantity as
compared to those which do not have any role in managing water deficit. The
accumulation of these special proteins results in the uptake of more water from soil to
meet the water requirements of the plant. This enables the plant to complete their
growth and development under normal physiological conditions (Chen and Wang,
2003; Zhu and Zhang, 2003; Xie et al., 2005).
The reaction to water stress can be attained through biochemically by
dehydrins which are involved in the defense of cell membranes and biological
molecules against denaturation. It has been reported in different studies that dehydrins
accumulate in drought stressed in wheat which counter water deficiency faced by
plants (Lopez et al., 2003).
Chakwal-50, GA-2002 and Chakwal-97 can be considered as drought tolerant
cultivars due to accumulation of greater amount of protein. Wafaq-200 and Uqab-2000
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Table 16:

Effect of osmotic stress on total soluble protein content (mg/g) in
different wheat varieties.
Osmotic Potential (Bars)

Varieties

Mean

Control

- 02

- 04

- 06

- 08

GA-2002

1.00 fgh

1.03 fgh

1.09 ef

1.27 abc

1.35 a

1.15 A

Chakwal-97

0.98 gh

0.98 gh

1.04 fgh

1.17 de

1.24 bcd

1.08 B

Uqab-2000

0.98 gh

1.00 gh

1.04 fgh

1.20 cd

1.25 bcd

1.10 B

Chakwal-50

0.97 gh

0.98 gh

1.02 fgh

1.23 bcd

1.32 ab

1.11 B

Wafaq-2001

0.96 h

0.98 h

0.99 gh

1.04 fgh

1.06 fg

1.00 C

Mean

0.98 D

0.99 D

1.03 C

1.18 B

1.24 A

LSD for Treatment = 0.04, LSD for Variety = 0.04, LSD for Treatment × Variety = 0.09
Means sharing letters in common are insignificant at P > 0.05.

GA-2002

Chakwal-97

Uqab-2000

Chakwal-50

Wafaq-2001

1.40

Total Soluble Protein (mg/g)

1.35
1.30
1.25
1.20
1.15
1.10
1.05

1.00
0.95
0.90
Control

Figure 16.

-2 Bars

-4 Bars

-6 Bars

-8 Bars

Total soluble protein content of wheat varieties at different osmotic
stress levels.
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accumulated the lowest amounts of soluble proteins so can be considered as sensitive
cultivars.

4.2.5

Free Amino Acid Content (mg/g)
Data regarding free amino acid content presented in Table 17 showed that

osmotic stress significantly affected free amino acid content. Increase in osmotic stress
was accompanied by increase in free amino acid content. Maximum free amino acid
(1.83 mg/gm) accumulated at osmotic potential of -8 bars followed by 1.68 mg/g and
1.36 mg/gm at osmotic potential of -6 and -4 bars respectively. Free amino acid
accumulated in all the varieties was significantly different. Maximum free amino acid
(1.55 mg/gm) accumulated in GA-2002 whereas minimum free amino acid (1.35
mg/gm) accumulated in Uqab-2000. As stress level increased from control to -8 bars
there was a progressive and significant increase in free amino acid content in all
varieties. Maximum free amino acid (2.00 mg/g) accumulated in Chakwal-50 followed
by GA-2002 (1.94 mg/g) and Chakwal-97 (1.89 mg/g) at osmotic stress of -8 bars.
Minimum free amino acid (1.08 mg/g) accumulated in Uqab-2000 followed by Wafaq2001 (1.15 mg/g) at controlled condition. Overall data indicated that under stress
condition free amino acid content increased significantly.
The accumulation of amino acids and other lower molecular weight
compounds ensure osmotic adjustments required for avoiding stress caused by low
water availability (Good and Zaplachinski, 1994; El Tayeb and Hassanein, 2000;
Trotel-Aziz et al., 2003). The presence of free proline in cells is stress response under
enhanced drought stress conditions (Good and Zaplachinski, 1994). However, the

76

Table 17:

Effect of osmotic stress on free amino acid content (mg/g) in
different wheat varieties.
Osmotic Potential (Bars)

Varieties

Mean

Control

- 02

- 04

- 06

- 08

GA-2002

1.30 hij

1.34 hi

1.45 g

1.74 c

1.94 ab

1.55 A

Chakwal-97

1.16 lm

1.22 jkl

1.39 gh

1.69 cde

1.89 b

1.47 B

Uqab-2000

1.08 m

1.15 lm

1.24 jkl

1.59 f

1.71 cd

1.35 C

Chakwal-50

1.21 jkl

1.29 hijk

1.45 g

1.77 c

2.00 a

1.54 A

Wafaq-2001

1.15 lm

1.19 kl

1.28 ijk

1.60 ef

1.61 def

1.36 C

Mean

1.18 E

1.24 D

1.36 C

1.68 B

1.83 A

LSD for Treatment = 0.05, LSD for Variety = 0.05, LSD for Treatment × Variety = 0.10
Means sharing letters in common are insignificant at P > 0.05.

GA-2002

Chakwal-97

Uqab-2000

Chakwal-50

Wafaq-2001

2.00

Free Amino Acid (mg/g)

1.80

1.60

1.40

1.20

1.00
Control

Figure 17.

-2 Bars

-4 Bars

-6 Bars

-8 Bars

Free amino acid content of wheat varieties at different osmotic
stress levels.
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degree of various changes made by plants were not comparable with proline
concentration which increases many folds after stress condition within short times. Our
results are in agreement with the findings of Good and Zaplachinski (1994) who
reported under water stress conditions the free amino acid content increases.

4.2.6

Shoot and Root Biomass (g)
Data regarding shoot fresh weight presented in Table 18 indicated that osmotic

stress significantly affected shoot fresh weight. Increase in osmotic stress caused a
significant decrease in shoot fresh weight. Maximum shoot fresh weight (0.441 g) was
recorded under controlled condition followed by 0.424 g and 0.382 g at osmotic
potential of -2 and -4 bars respectively whereas minimum shoot fresh weight (0.248 g)
was recorded at osmotic potential of -8 bars. Shoot fresh weight in all the varieties was
significantly different. Maximum shoot fresh weight (0.400 g) was recorded in
Chakwal-50 that was significantly higher than all other varieties followed by GA-2002
(0.388 g) and Chakwal-97 (0.363 g). Minimum shoot fresh weight (0.330 g) was
recorded in Uqab-2000. There was a significant decrease in shoot fresh weight in all
varieties with increase in osmotic stress. Almost similar trend was observed in all other
varieties. However when stress was induced Chakwal-50 performed better at all
osmotic stress level as compared to other varieties. Maximum shoot fresh weight
(0.468 g) was recorded in GA-2002 followed by Chakwal-50 (0.465 g) and Chakwal97 (0.440 g) under controlled condition. Whereas minimum shoot fresh weight (0.189
g) was recorded in Uqab-2000 followed by Wafaq-2001 (0.215 g) at osmotic potential
of - 8 bars.
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Data regarding shoot dry weight presented in Table 19 showed osmotic stress
significantly affected shoot dry weight. Increase in osmotic stress caused a decline in
shoot dry weight. Maximum shoot dry weight (0.040 g) recorded under controlled
condition followed by 0.038 g and 0.032 g at osmotic potential of -2 and -4 bars
respectively. Minimum shoot dry weight (0.023 g) recorded under osmotic potential of
-8 bars. Shoot dry weight in all the varieties was significantly different. Maximum
shoot dry weight (0.036 g) recorded in Chakwal-50 that was significantly higher than
all other varieties followed by GA-2002 (0.035 g) and Chakwal-97 (0.031 g) while
minimum shoot dry weight (0.029 g) recorded in Uqab-2000. With increase in osmotic
stress significant decrease in shoot dry weight was recoded in all varieties. Similar
trend was observed in all other varieties. However when stress induced Chakwal-50
performed better at all osmotic stress levels as compared to other varieties. Maximum
shoot dry weight (0.042 g) was recorded in GA-2002 followed by Chakwal-50 (0.041
g) and Chakwal-97 (0.040 g) under controlled conditions while minimum shoot dry
weight (0.019 g) recorded in Uqab-2000 followed by Wafaq-2001 (0.021 g) at osmotic
potential of -8 bars.
Data regarding root fresh weight presented in Table 20 showed that osmotic
stress significantly affected root fresh weight. Increase in osmotic stress caused a
significant decrease in root fresh weigh up to osmotic potential of -6 bars, after that
root fresh weight was increased. Maximum root fresh weight (0.574 g) recorded under
controlled condition followed by 0.550 g and 0.523 g at osmotic potential of -2 and -4
bars respectively Minimum root fresh weight (0.499 g) recorded at osmotic potential
of -6 bars. There were significant differences among cultivars for root fresh weight.
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Table 18:

Effect of osmotic stress on shoot fresh weight (g) in different wheat
varieties.
Osmotic Potential (Bars)

Varieties

Mean

Control

- 02

- 04

- 06

- 08

GA-2002

0.468 a

0.441 b

0.402 de

0.344 i

0.283 l

0.388 A

Chakwal-97

0.440 b

0.428 bc

0.375 fg

0.321 j

0.251 m

0.363 B

Uqab-2000

0.429 bc

0.403 de

0.361 gh

0.271 l

0.189 o

0.330 C

Chakwal-50

0.465 a

0.459 a

0.415 cd

0.355 hi

0.303 k

0.400 A

Wafaq-2001

0.402 de

0.390 ef

0.358 hi

0.287 kl

0.215 n

0.331 C

Mean

0.441 A

0.424 B

0.382 C

0.316 D

0.248 E

LSD for Treatment = 0.02, LSD for Variety = 0.02, LSD for Treatment × Variety = 0.02
Means sharing letters in common are insignificant at P > 0.05.

GA-2002

Chakwal-97

Uqab-2000

Chakwal-50

Wafaq-2001

0.50

Shoot Fresh Weight (g)

0.45
0.40
0.35
0.30
0.25
0.20
0.15
Control

Figure 18.

-2 Bars

-4 Bars

-6 Bars

-8 Bars

Shoot fresh weight of wheat varieties at different osmotic stress
levels.
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Table 19:

Effect of osmotic stress on shoot dry weight (g) in different wheat
varieties.
Osmotic Potential (Bars)

Varieties

Mean

Control

- 02

- 04

- 06

- 08

GA-2002

0.042 a

0.039 a-d

0.035 d-g

0.031 f-i

0.026 k-m

0.035 A

Chakwal-97

0.040 a-c

0.038 a-d

0.030 h-k

0.027 i-l

0.022 m-o

0.031 B

Uqab-2000

0.039 a-d

0.036 b-e

0.027 j-m

0.022 m-o

0.019 o

0.029 C

Chakwal-50

0.041 a

0.040 ab

0.036 c-f

0.033 e-h

0.029 h-k

0.036 A

Wafaq-2001

0.037 a-d

0.035 d-g

0.031 g-j

0.024 l-n

0.021 no

0.030 BC

Mean

0.040 A

0.038 B

0.032 C

0.027 D

0.023 E

LSD for Treatment =0.002, LSD for Variety =0.002, LSD for Treatment × Variety =0.004
Means sharing letters in common are insignificant at P > 0.05.

GA-2002

Chakwal-97

Uqab-2000

Chakwal-50

Wafaq-2001

0.045

Shoot Dry Weight (g)

0.040

0.035

0.030

0.025

0.020

0.015
Control

Figure 19.

-2 Bars

-4 Bars

-6 Bars

-8 Bars

Shoot dry weight of wheat varieties at different osmotic stress
levels.
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Maximum root fresh weight (0.542 g) recorded in Chakwal-50 followed by GA-2002
(0.540 g) and Chakwal-97 (0.532 g) respectively. Minimum root fresh weight (0.521
g) recorded in Uqab-2000. With increased in osmotic stress there was a significant
decrease in root fresh weight up to osmotic potential of -6 bars and after that root fresh
weight increased slightly. Almost similar trend recorded in all other varieties however
when osmotic stress induced Chakwal-50 performed better at all osmotic stress levels
as compared to other varieties. Maximum root fresh weight (0.581 g) recorded in GA2002 followed by Chakwal-97 (0.577 g) and Chakwal-50 (0.576 g) under controlled
conditions while minimum root fresh weight (0.481 g) recorded in Uqab-2000
followed by Wafaq-2001 (0.483 g) at osmotic potential of -6 bars.
Data regarding root dry weight presented in Table 21 showed that osmotic
potential significantly affected root dry weight. Increase in osmotic stress caused
significant decrease in root dry weigh up to osmotic potential of -6 bars, after that root
dry weight increased slightly. Maximum root dry weight (0.074 g) recorded under
controlled condition followed by 0.060 g and 0.039 g at osmotic potential of -2 and -4
bars respectively while minimum root dry weight (0.031 g) recorded at osmotic
potential of -6 bars. There were significant differences among cultivars for root dry
weight. Maximum root dry weight (0.054 g) recorded in Chakwal-50 and GA-2002
followed by Chakwal-97 (0.047 g). Minimum root dry weight (0.041 g) recorded in
Wafaq-2001 and Uqab-2000. With increase in osmotic stress there was a significant
decrease in root dry weight up to osmotic potential of -6 bars and after that root dry
weight increased. Almost similar trend observed in all other varieties however when
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Table 20:

Effect of osmotic stress on root fresh weight (g) in different wheat
varieties.
Osmotic Potential (Bars)

Varieties

Mean

Control

- 02

- 04

- 06

- 08

GA-2002

0.581 a

0.558 a-d

0.531 e-h

0.510 h-k

0.522 f-k

0.540 A

Chakwal-97

0.577 a

0.551 b-e

0.522 f-j

0.499 j-l

0.513 h-k

0.532 AB

Uqab-2000

0.572 ab

0.539 c-g

0.511 h-k

0.481 l

0.503 i-l

0.521 B

Chakwal-50

0.576 ab

0.557 a-d

0.533 d-h

0.519 g-k

0.527 e-i

0.542 A

Wafaq-2001

0.562 a-c

0.546 c-f

0.519 g-k

0.483 l

0.497 kl

0.522 B

Mean

0.574 A

0.550 B

0.523 C

0.499 D

0.512 C

LSD for Treatment = 0.01, LSD for Variety = 0.01, LSD for Treatment × Variety = 0.03
Means sharing letters in common are insignificant at P > 0.05.

GA-2002

Chakwal-97

Uqab-2000

Chakwal-50

Wafaq-2001

0.590

Roor Fresh Weight (g)

0.570

0.550

0.530

0.510

0.490

0.470
Control

Figure 20.

-2 Bars

-4 Bars

-6 Bars

-8 Bars

Root fresh weight of wheat varieties at different osmotic stress
levels.
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Table 21:

Effect of osmotic stress on root dry weight (g) in different wheat
varieties.

Varieties

Osmotic Potential (Bars)

Mean

Control

- 02

- 04

- 06

- 08

GA-2002

0.081 a

0.068 d

0.047 g

0.036 ijk

0.039 hi

0.054 A

Chakwal-97

0.075 bc

0.061 e

0.039 hi

0.031 lm

0.032 jkl

0.047 B

Uqab-2000

0.071 cd

0.049 g

0.032 kl

0.027 m

0.027 m

0.041 C

Chakwal-50

0.078 ab

0.066 d

0.048 g

0.037 ij

0.042 h

0.054 A

Wafaq-2001

0.068 d

0.055 f

0.031 klm

0.027 lm

0.026 m

0.041 C

Mean

0.074 A

0.060 B

0.039 C

0.031 D

0.033 D

LSD for Treatment =0.002, LSD for Variety =0.002, LSD for Treatment × Variety =0.005
Means sharing letters in common are insignificant at P > 0.05.

GA-2002

Chakwal-97

Uqab-2000

Chakwal-50

Wafaq-2001

0.090

Root Dry Weight (g)

0.080
0.070
0.060
0.050
0.040
0.030
0.020
Control

Figure 21.

-2 Bars

-4 Bars

-6 Bars

-8 Bars

Root dry weight of wheat varieties at different osmotic stress levels.
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stress induced Chakwal-50 and GA-2002 performed better at all osmotic stress level as
compared to other varieties. Maximum root dry weight (0.081 g) recorded in GA-2002
followed by Chakwal-50 (0.078 g) and Chakwal-97 (0.075 g) under controlled
conditions. Minimum root dry weight (0.026 g) recorded in Wafaq-2001 followed by
Uqab-2001 (0.027 g) at osmotic potential of -8 bars.
Results indicated that wheat cultivars displayed various responses to drought
stress although planted under the same conditions. The mechanism of drought
tolerance can be studied by considering the genetic variability of cultivars which
largely depends on ability of plants to counter osmotic adjustments enabling plants to
grow under water deficit environment. These adjustments in osmotic potential are
achieved by producing organic molecules (Alian et al., 2000).
Seedling fresh and dry weights showed that overall growth of the seedlings was
inhibited by PEG-6000. The reduction in water uptake by seedlings was inhibited by
the presence of PEG in growing medium resulted in declined mobilization of seed
reserves to growing axis. The results confirmed the findings of other researchers who
reported that germination percentage in non-ionic osmotic solutions such as PEG or
Mannitol affects growth adversely (Kawasaki et al., 1983).
The results illustrated that seedling dry weights were less affected as compared
to fresh weight which are in confirmation with the results reported by Sayar et al.,
(2010, b) in wheat and Murillo-Amador et al., (2002) in cowpea. Shoot fresh weight of
all cultivars reduced due to drought stress as was found by Kamran et al., (2009) and
Khan et al., (2010) for wheat cultivars. Under drought conditions root fresh weight of
wheat cultivars also reduced. Present study resembles with the study of Mian et al.,
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(1993) who reported that drought drastically decreased root fresh weight in wheat
genotypes when grown under controlled conditions.
Similar results were reported by Hameed et al., (2010) who observed increase
in root fresh weight of wheat cultivars. The rise in root weight may be attributed to
greater density as well as depth of roots (Turner, 1979). As water stress induces, plants
have to develop new roots to meet the water requirements because the upper soil layers
usually dry first (Taiz and Zeiger, 1998). Greater root growth due to moist soil in
different zones of the soil results in drought avoidance. Another reason for this
increase is the fact that roots became stronger sinks than the shoots.
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4.3

EVALUATION OF WHEAT CULTIVARS ON PHYSOLOGICAL
BASIS

4.3.1

Photosynthesis Rate (μmole/m2/sec)
Data regarding photosynthesis rate (A) presented in Table 22 showed different

levels of field capacity significantly affected photosynthesis rate. Increase in water
stress was accompanied by decrease in photosynthesis rate. Maximum photosynthesis
rate (31.08 μmole/m2/sec) recorded at 80 % field capacity followed by 29.20
μmole/m2/sec at 60 % field capacity. Minimum photosynthesis rate (20.91
μmole/m2/sec) recorded at 20 % field capacity. Photosynthesis rate in all the varieties
was significantly different. Maximum photosynthesis rate (28.25 μmole/m2/sec)
recorded in GA-2002 which was significantly different from the other cultivars. It was
followed by Chakwal-50 (27.74 μmole/m2/sec). Minimum photosynthesis rate (23.81
μmole/m2/sec) recorded in Uqab-2000. With increase in water stress there was a
progressive and significant decrease in photosynthesis rate in all varieties. Similar
trend observed in all other varieties. However Chakwal-50 performed better for
photosynthesis rate at all field capacity levels as compared to other varieties.
Maximum photosynthesis rate (33.88 μmole/m2/sec) recorded in GA-2002 followed by
Chakwal-50 (31.92 μmole/m2/sec) and Wafaq-2001 (30.08 μmole/m2/sec) at 80 %
field capacity while minimum photosynthesis rate (18.40 μmole/m2/sec) recorded in
Uqab-2000 followed by Chakwal-97 (20.71 μmole/m2/sec) and Wafaq-2001 (20.96
μmole/m2/sec) at 20 % field capacity respectively. Overall data clearly indicated that
under water stress condition photosynthesis rate decreased significantly.
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Table 22:

Effect of various levels of field capacity on Photosynthesis Rate
(μmole/m2/sec) of wheat varieties.
FIELD CAPACITY LEVELS (%)

VARIETIES

Mean

80

60

40

20

GA-2002

33.89 a

32.06 ab

25.22 e

21.85 gh

28.25 A

Chakwal-97

29.9 bc

29.07 c

24.53 ef

20.71 gh

26.05 BC

Uqab-2000

29.62 c

26.67 de

20.56 h

18.4 i

23.81 D

Chakwal-50

31.92 ab

29.95 bc

26.44 de

22.64 fgh

27.74 AB

Wafaq-2001

30.08 bc

28.27 cd

22.84 fg

20.96 gh

25.54 CD

Mean

31.08 A

29.20 A

23.92 B

20.91 C

LSD for Treatment =2.16, LSD for Variety =2.16, LSD for Treatment × Variety = 2.16
Means sharing letters in common are insignificant at P > 0.05.

GA-2002

Chakwal-97

Uqab-2000

Chakwal-50

Wafaq-2001

35.0

Photosynthesis Rate (µmole/m2/sec)

33.0

31.0
29.0
27.0
25.0
23.0
21.0
19.0
17.0
15.0
80%

60%

40%

20%

Field Capacity

Figure 22:

Photosynthesis Rate of wheat varieties at different field capacity
levels.
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The reduction in net carbon dioxide (CO2) uptake and limiting growth of crop
may result from water deficit environment (Scheuermann et al., 1991; Blum, 1996).
However, the decrease was quite higher in Uqab-2000 and Wafaq-2001. This implied
that these two cultivars were more sensitive to water deficit environment. The decline
in photosynthesis may be the result of water stress which can be caused by both
stomatal and non-stomatal limitations due to deficiency of water in maintaining turgor
in cells (Graan and Boyer, 1990; Shangguan et al., 1999).
Drought is abiotic stress which affects plant growth and development at various
stages of life cycle (Blum, 1996). The response of plant to drought stress is complex
phenomenon as it integrates the effects of stress and response at various levels of
organization i.e. cells and organs. The perception of drought stress at plant level is
indicated by decline in photosynthesis rate and plant growth (Cornic and Massacci,
1996; Mwanamwenge et al., 1999).
Another reason of decreased photosynthetic rate may be the decreased leaf
water potential and relative water content under water stress due to limited irrigation,
which has a pronounced effect on photosynthetic rate. The results confirmed the
findings of Ahmed et al., (2010); Subrahmanyam et al., (2006); Shah and Paulsen
(2003) who reported that photosynthesis rate decreases with increasing water stress.

4.3.2

Stomatal Conductance (mole/m2/sec)
Data regarding stomatal conductance (mole/m2/sec) presented in Table 23

revealed that field capacity was significantly influenced stomatal conductance. The
rise in water stress was accompanied by decrease in stomatal conductance. Maximum
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stomatal conductance (0.74 mole/m2/sec) recorded at 80 % field capacity followed by
0.68 mole/m2/sec at 60 % field capacity. Minimum stomatal conductance (0.29
mole/m2/sec) recorded at 20 % field capacity. Stomatal conductance in all the varieties
was significantly different. Maximum stomatal conductance (0.68 mole/m2/sec)
recorded in Chakwal-50 followed by GA-2002 (0.60 mole/m2/sec) that was
significantly higher as compared to other varieties. Minimum stomatal conductance
(0.47 mole/m2/sec) recorded in Uqab-2000. With increase in water stress there was a
progressive and significant decrease in stomatal conductance in all varieties. Almost
similar trend observed in all other varieties. However Chakwal-50 performed better for
stomatal conductance at all levels of field capacity as compared to other varieties.
Maximum stomatal conductance (0.81 mole/m2/sec) recorded in Chakwal-50 followed
by GA-2002 (0.76 mole/m2/sec) at 80 % field capacity while minimum stomatal
conductance (0.18 mole/m2/sec) recorded in Uqab-2000 followed by Wafaq-2001
(0.20 mole/m2/sec) at 20 % field capacity. Overall data indicated that stomatal
conductance decreased significantly under water stressed conditions.
Stomatal conductance and uptake of CO2 are reduced by water deficit which
ultimately affects the growth of crop plants (Scheuermann et al., 1991). The
researchers have reported the decline in photosynthesis due to water stress resulting in
variations in stomatal and non-stomatal response of the plant (Graan and Boyer, 1990;
Ort et al., 1994; Shangguan et al., 1999).
The photosynthetic rate is determined by several factors of which the most
important is availability of water during different stages of life cycle. As a short term

90

Table 23:

Effect of various levels of field capacity on stomatal conductance
(mole/m2/sec) of wheat varieties.
FIELD CAPACITY LEVELS (%)

VARIETIES

Mean

80

60

40

20

GA-2002

0.76 ab

0.71 abc

0.61 cd

0.32 gh

0.60 AB

Chakwal-97

0.71 a-d

0.69 a-d

0.57 de

0.34 fgh

0.58 AB

Uqab-2000

0.70 a-d

0.58 cde

0.41 fg

0.18 i

0.47 B

Chakwal-50

0.81a

0.79 a

0.68 a-d

0.42 fg

0.68 A

Wafaq-2001

0.71abc

0.63 bcd

0.46 ef

0.20 hi

0.50 B

Mean

0.74 A

0.68 AB

0.55 B

0.29 C

LSD for Treatment = 0.14, LSD for Variety = 0.14, LSD for Treatment × Variety = 0.14
Means sharing letters in common are insignificant at P > 0.05.

GA-2002

Chakwal-97

Uqab-2000

Chakwal-50

Wafaq-2001

Stomatal Conductance (mole/m2/sec)
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Figure 23:

60%

Field Capacity
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Stomatal conductance of wheat varieties at different field capacity
levels.
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reduction in water availability, plants show stomatal limitations whereas long term
stress in water availability causes non stomatal limitation (Cornic and Briantais, 1991).
The results showed similarity in findings reported by Ahmed et al., (2010);
Olszewski et al., (2009); Subrahmanyam et al., (2006); Shah and Paulsen (2003) who
confirmed in separate studies that stomatal conductance declines with rise in water
deficit.

4.3.3

Transpiration Rate (mole/m2/sec)
Data regarding transpiration rate (E) presented in Table 24 indicated that

different field capacity levels significantly affected transpiration rate. Increase in water
stress was accompanied by decrease in transpiration rate. Maximum transpiration rate
(8.02 mole/m2/sec) recorded at 20 % field capacity followed by 5.98 mole/m2/sec at 40
% field capacity. Minimum transpiration rate (2.58 mole/m2/sec) recorded at 80 %
field capacity. Transpiration rate in all varieties was significantly different. Maximum
transpiration rate (5.87 mole/m2/sec) recorded in Chakwal-50 that was significantly
higher than all other varieties followed by GA-2002 (5.55 mole/m2/sec). Minimum
transpiration rate (4.34 mole/m2/sec) recorded in Uqab-2000. With increase in water
stress there was a significant decrease in transpiration rate in all varieties. Almost all
the varieties behaved in a similar fashion. However Chakwal-50 performed better for
transpiration rate at all levels of field capacity as compared to other varieties.
Maximum transpiration rate (8.56 mole/m2/sec) recorded in Chakwal-50 followed by
GA-2002 (8.44mole/m2/sec) and Chakwal-97 (7.81mole/m2/sec) at 20 % field
capacity. Minimum transpiration rate (1.81 mole/m2/sec) recorded in Wafaq-2001
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Table 24:

Effect of various levels of field capacity on transpiration rate
(mole/m2/sec) of wheat varieties.
FIELD CAPACITY LEVELS (%)

VARIETIES

Mean

80

60

40

20

GA-2002

8.44 ab

6.78 d

4.11 gh

2.88 j

5.55 AB

Chakwal-97

7.81 bc

6.07 de

3.69 hi

2.55 jk

5.03 BC

Uqab-2000

7.51 c

5.13 f

2.68 jk

2.02 kl

4.34 C

Chakwal-50

8.56 a

6.51 d

4.77 fg

3.65 hi

5.87 A

Wafaq-2001

7.78 bc

5.41 ef

3.02 ij

1.81 l

4.51 C

Mean

8.02 A
5.98 B
3.65 C
2.58 D
LSD for Treatment = 0.71, LSD for Variety = 0.71, LSD for Treatment × Variety = 0.71
Means sharing letters in common are insignificant at P > 0.05.

GA-2002

Chakwal-97

Uqab-2000

Chakwal-50

Wafaq-2001
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Transpiration Rate (mole/m2/sec)
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40%
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Figure 24:

Transpiration rate of wheat varieties at different field capacity
levels.
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followed by Uqab-2000 (2.02 mole/m2/sec) and Chakwal-97 (2.55 mole/m2/sec) at 80
% field capacity respectively. Overall data clearly showed that transpiration rate
decreased significantly under water stress condition.
Plant transpiration is a physical process in which part of the net radiation
energy is converted into latent heat, under physiological control by changes in stomatal
aperture (Jarvis and McNaughton, 1986). Water deficit reduces transpiration rate,
stomatal conductance, net CO2 uptake and plant growth (Scheuermann et al., 1991).
Drought affects every aspect of plant life and inhibits growth, development and
productivity. The effect of water stress on photosynthesis, conductance, transpiration,
water use efficiency and grain growth may vary (Islam, 2010). The results are in
accordance with findings of Islam (2010); Ahmed et al., (2010); Olszewski et al.,
(2009); Subrahmanyam et al., (2006); Shah and Paulsen (2003) who reported that
transpiration rate decreases with increasing water stress.

3.4.4

Leaf Osmotic Potential (MPa)
The results presented in Table 25 displayed that different field capacity levels

significantly affected leaf osmotic potential. Increase in water stress was resulted in
decline in osmotic potential of the leaf. Highest leaf osmotic potential (-0.792 MPa)
recorded at 80 % field capacity followed by -0.873 MPa at 60 % field capacity. Lowest
leaf osmotic potential (-1.023 MPa) recorded at 20 % field capacity. Leaf osmotic
potential in all the varieties was significantly different. Highest leaf osmotic potential
(-0.874 MPa) recorded in GA-2002 followed by Chakwal-50 (-0.880 MPa) which was
significantly different with all other cultivars. Lowest leaf osmotic potential (-0.938
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MPa) recorded in Uqab-2000. With increase in water stress, leaf osmotic potential
decreased significantly in all varieties. Almost all the varieties behaved in a similar
fashion. However GA-2002 performed better for leaf osmotic potential at all field
capacity level when compared with other varieties. Highest leaf osmotic potential (0.775 MPa) recorded in Chakwal-50 followed by Wafaq-2001 (-0.783 MPa) and GA2002 (-0.793 MPa) at 80 % field capacity. Lowest leaf osmotic potential (-1.082 MPa)
recorded in Uqab-2000 followed by Wafaq-2001 (-1.079 MPa) at 20 % field capacity.
Overall data showed that leaf osmotic potential decreased significantly under water
stress condition. Decline in leaf water potential was observed in all cultivars in
response to stress environment. The greater variations in response to the stress were
observed with increase in stress applied.
Typically in plant systems, that work involves the movement of water across
cellular membranes and tissues for hydration, expansion growth, leaf movements and
stomatal opening. The osmotic potential of a cell is determined primarily by the
concentration of solutes confined within the symplastic water volume (cytoplasm +
vacuole). Therefore, solute transport across cellular membranes and cellular
metabolism are essential components of osmotic regulation. Passive concentration of
solutes due to dehydration or inhibition of metabolism under severe environmental
conditions can also contribute to the “adjustment” of cellular osmotic potential.
Whether active or passive, the accumulation of solutes has been shown to support
expansion growth, maintain photosynthesis, and improve reproductive success under
severe drought conditions in a number of plant systems (Westgate, 2008).
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Table 25:

Effect of various levels of field capacity on leaf osmotic potential
(MPa) of wheat varieties.
FIELD CAPACITY LEVELS (%)

VARIETIES

Mean

80

60

40

20

GA-2002

-0.793 h

-0.851 fg

-0.899 def

-0.951 cd

-0.874 B

Chakwal-97

-0.812 gh

-0.870 ef

-0.950 cd

-1.025 b

-0.914 AB

Uqab-2000

-0.796 h

-0.887 ef

-0.988 bc

-1.082 a

-0.938 A

Chakwal-50

-0.775 h

-0.859 efg

-0.911 de

-0.977 bc

-0.880 B

Wafaq-2001

-0.783 h

-0.895 ef

-0.977 bc

-1.079 a

-0.934 A

Mean

-0.792 D

-0.873 C

-0.945 B

-1.023 A

LSD for Treatment = 0.05, LSD for Variety = 0.05, LSD for Treatment × Variety = 0.05
Means sharing letters in common are insignificant at P > 0.05.

GA-2002

Chakwal-97

Uqab-2000

Chakwal-50

Wafaq-2001

-1.10
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Figure 25:

Leaf osmotic potential of wheat varieties at different field capacity
levels.
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4.3.5

Leaf Water Potential (MPa)
Data shown in Table 26 depicted that different field capacity level significantly

affected leaf water potential. Increase in water stress caused substantial decline in leaf
water potential. Highest leaf water potential (-0.293 MPa) recorded at 80 % field
capacity followed by -0.761 MPa at 60 % field capacity. Lowest leaf water potential (1.473 MPa) recorded at 20 % field capacity. Leaf water potential in all the varieties
was significantly different. Highest leaf water potential (-0.747 MPa) recorded in
Chakwal-50 that was significantly higher than all other varieties followed by GA-2002
(-0.759 MPa). Lowest leaf water potential (-1.288 MPa) recorded in Uqab-2000. With
increase in water stress, leaf water potential decreased significantly in all varieties
under study. Almost all the varieties behaved in a similar fashion. However GA-2002
performed better for leaf water potential at all levels of field capacity when compared
with other varieties. Highest leaf water potential (-0.280 MPa) recorded in Uqab-2000
followed by GA-2002 (-0.290 MPa) at 80 % field capacity while lowest leaf water
potential (-2.350 MPa) recorded in Uqab-2000 followed by Wafaq-2001 (-1.507 MPa)
at 20 % field capacity. Overall data clearly showed that significant decline in leaf
water potential under water deficit conditions. Drought avoidance in plants is
accompanied by maintaining optimum water through stomatal regulation and high root
activity (Levitt, 1980).
The stomatal response, plant water interaction and prevailing conditions of
temperature measure the response to water deficits (Hirasawa et al., 1995). The
decrease in water potential in early hours of noon and significant increase in water
potential in the evening was observed which identified the effect of short term water
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Table 26:

Effect of various levels of field capacity on leaf water potential
(MPa) of wheat varieties.
FIELD CAPACITY LEVELS (%)

VARIETIES

Mean

80

60

40

20

GA-2002

-0.290 j

-0.673 i

-0.997 ef

-1.077 de

-0.759 C

Chakwal-97

-0.300 j

-0.787 h

-1.150 d

-1.283 c

-0.880 B

Uqab-2000

-0.280 j

-0.917 fg

-1.607 b

-2.350 a

-1.288 A

Chakwal-50

-0.300 j

-0.607 i

-0.930 f

-1.150 d

-0.747 C

Wafaq-2001

-0.293 j

-0.820 gh

-1.310 c

-1.507 b

-0.983 B

Mean

-0.293 D

-0.761 C

-1.199 B

-1.473 A

LSD for Treatment = 0.10, LSD for Variety = 0.10, LSD for Treatment × Variety = 0.10
Means sharing letters in common are insignificant at P > 0.05.

GA-2002

Chakwal-97

Uqab-2000

Chakwal-50

Wafaq-2001

-2.50
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Figure 26:

Leaf water potential of wheat varieties at different field capacity
levels.
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stress (Bora and Kumar, 1990; Jat et al., 1991). The maintenance of turgor by
adjustments in osmotic potential in response to water stress is major element of
drought tolerance (Hanson and Hitz, 1982).

4.3.6

Epicuticular Wax Content (μg/m2)
Data regarding epicuticular wax presented in Table 27 showed that different

field capacity levels significantly affected epicuticular wax content. Increase in water
stress was accompanied by an increase in epicuticular wax content. Maximum
epicuticular wax (329.9 μg/m2) recorded at 20 % field capacity followed by 232.1
μg/m2 at 40 % field capacity. Minimum epicuticular wax (123.8 μg/m2) recorded at 80
% field capacity. Epicuticular wax content in all the varieties was significantly
different. Maximum epicuticular wax (273.0 μg/m2) recorded in Chakwal-50 that was
significantly higher than all other varieties followed by GA-2002 (227.6 μg/m2).
Minimum epicuticular wax (166.7 μg/m2) recorded in Uqab-2000. With increase in
water stress epicuticular wax content increased significantly in all varieties. Almost all
the varieties behaved in a similar way. However Chakwal-50 performed better for
epicuticular wax contents at all field capacity levels when compared with other
varieties. Maximum epicuticular wax (414.0 μg/m2) recorded in Chakwal-50 followed
by GA-2002 (343.3 μg/m2) and Chakwal-97 (335.0 μg/m2) at 20 % field capacity.
Minimum epicuticular wax (107 μg/m2) recorded in Uqab-2000 followed by Wafaq2001 (113.0 μg/m2) and Chakwal-97 (123.0 μg/m2) at 80 % field capacity respectively.
The overall data clearly showed that epicuticular wax content increased significantly
under water stress condition.
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Table 27:

Effect of various levels of field capacity on epicuticular wax content
(μg/m2) of wheat varieties.
FIELD CAPACITY LEVELS (%)

VARIETIES

Mean

80

60

40

20

GA-2002

127.0 kl

185.0 h

255.0 e

343.3 b

227.6 B

Chakwal-97

123.0 lm

177.3 h

241.7 f

335.0 b

219.3 B

Uqab-2000

107.0 n

121.3 lm

164.0 i

274.3 d

166.7 D

Chakwal-50

149.0 j

214.0 g

315.0 c

414.0 a

273.0 A

Wafaq-2001

113.0 mn

136.0 k

185.0 h

283.0 d

179.3 C

Mean

123.8 D

166.7 C

232.1 B

329.9 A

LSD for Treatment =12.21, LSD for Variety=12.21, LSD for Treatment × Variety=12.21
Means sharing letters in common are insignificant at P > 0.05.
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Figure 27:

Epicuticular wax content of wheat varieties at different field
capacity levels.
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The role of various biological membranes (impervious layers) has been
identified by many researchers, who reported prevention in water loss due to the
presence of epicuticular wax (Hemmers and Gulz, 1986), physiological processes
(Van-Iersel, 1994), reduction in transpiration rate (Hall and Jones, 1961) and gaseous
exchange (Hemmers and Gulz, 1986).
The measurement of wheat yield under both sets of conditions i.e. drought and
without drought can be achieved by a linear model containing leaf waxiness or
glaucousness (Fischer and Wood, 1979). Johnson et al., (1983) and Richards et al.,
(1986) observed that glaucousness resulted in decreased transpiration with enhanced
yield as well as water use efficiency. Bengston et al., (1978) reported that wax brought
about drought tolerance in Oat varieties.
One of the important factors in determining drought tolerance is the genetic
variations in epicuticular wax. Such variations in epicuticular wax of wheat plants
were reported by Johnson et al., (1983). These findings are in confirmation with the
works of Johnson et al., 1983; Blum, 1982; Clarke and Richards, 1988.

4.3.7

Relative Water Content (%)
Data regarding relative water content (RWC) presented in Table 28 showed

that different levels of field capacity significantly affected RWC. Increase in water
stress was accompanied by decrease in RWC. Maximum RWC (85.80 %) recorded at
80 % field capacity followed by 75.40 % at 60 % field capacity. Minimum RWC
(58.80 %) recorded at 20 % field capacity. Relative water content in all the varieties
was significantly different. Maximum RWC (78.25 %) recorded in Chakwal-50 by
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GA-2002 (77.75 %). Minimum RWC (64.25 %) recorded in Uqab-2000 which was
significantly different from other cultivars. With increase in water stress, RWC
decreased significantly in all varieties. Almost all the varieties behaved in a similar
fashion. However GA-2002 performed better for RWC at all levels of field capacity
when compared with other varieties. Maximum RWC (91.0 %) recorded in GA-2002
followed by Chakwal-50 (89.0 %) and Chakwal-97 (84.0 %) at 80 % field capacity.
Minimum RWC (47.0 %) recorded in Uqab-2000 followed by Wafaq-2001 (51.0 %) at
20 % field capacity. Overall data showed that RWC decreased significantly under
water stress condition.
The degree of cell and tissue hydration is key indicator of relative water
content, which is crucial for optimum physiological functioning and growth processes.
Numerous studies have shown that maintenance of a relatively high RWC during mild
drought is indicative of drought tolerance (Jamaux et al., 1997; Altinkut et al., 2001;
Colom and Vazzana, 2003). RWC is linked with cell size and may establish a balance
between transpiration rate and water supply to the leaf (Fischer and Wood, 1979).
Osmotic adjustment by plants is an influential mechanism which conserves
cellular hydration under drought. Hence, RWC is an effective estimate of plant water
status.
It is defined that decrease of RWC close stomata and after blocking of stomata
will reduce photosynthetic rate (Cornic, 2000). High RWC serves as a resistance
mechanism to tackle drought which is the result of osmotic regulation or less elasticity
of tissue cell wall (Ritchie et al., 1990).
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Table 28:

Effect of various levels of field capacity on relative water content
(%) of wheat varieties.
FIELD CAPACITY LEVELS (%)

VARIETIES

Mean

80

60

40

20

GA-2002

91.0 a

81.0 cd

73.0 e

66.0 fg

77.75 A

Chakwal-97

84.0 bc

75.0 de

66.0 fg

61.0 gh

71.50 B

Uqab-2000

83.0 bc

69.0 ef

58.0 h

47.0 i

64.25 C

Chakwal-50

89.0 ab

81.0 cd

74.0 e

69.0 ef

78.25 A

Wafaq-2001

82.0 c

71.0 ef

61.0 gh

51.0 i

66.25 BC

Mean

85.80 A

75.40 B

66.40 C

58.80 D

LSD for Treatment = 6.11, LSD for Variety = 6.11, LSD for Treatment × Variety = 6.11
Means sharing letters in common are insignificant at P > 0.05.
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Figure 28:

Relative water content of wheat varieties at different field capacity
levels.
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Siddique et al., (2000) reported that relative water content reduced to 43 %
from 88 % by moisture stress in Wheat cultivars. These results are in agreement with
the findings of others (Mationn et al., 1989; Ali et al., 2009; Keyvan, 2010).
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4.4

EVALUATION OF WHEAT CULTIVARS ON MOLECULAR BASIS

4.4.1

DHN Gene Expression
The data shown in Figure 29 presented the DHN gene expression of all isolated

alleles by using RT-PCR analysis carried out on RNAs which were obtained from
seedlings grown under controlled as well as stressed environment. The results
indicated that there was no expression of DHN genes found in any of the cultivars
grown under controlled conditions. The expression of DHN genes in all cultivars were
observed as a response to drought stress.
The seedlings obtained from controlled conditions (non-stressed) showed no
expression of DHN genes in all cultivars (Figure 31, 32 and 34). However, WDHN13
gene expression was observed in GA-2002 and Chakwal-50 (Figure 30 and 33).
Gene’s families involved in drought stress combating, belong to LEA group of
genes which is considered as one of the most analyzed group which brings about the
drought resistance in wheat cultivars. The transcription of genes involved in drought
stress is variable under different stress environments i.e. water shortage, salinity and
lower temperature (Zhu et al., 2000).
The results illustrated that genes did not expresses in all cultivars which were
provided with sufficient water as required by plants grown in the experiment. However
it was obviously expressed showing a definite role of proteins thus produced as a result
of gene expression under stress environment. The results demonstrated that these
genes are expressive only under water stress conditions. The profile established for
genes expression showed differences indicating that different members of DHN gene
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Figure 29.

PCR amplification using specific primers (controlled seedlings)

(M=Marker, 1=α-Tubulin, 2=TdDHN15, 3=WDHN13, 4=TdDHN16, 5=TdDHN9.6)

Figure 30.

PCR amplification using specific primers in GA-2002 (stressed
seedlings)

(M=Marker, 1=α-Tubulin, 2=TdDHN15, 3=WDHN13, 4=TdDHN16, 5=TdDHN9.6)
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Figure 31.

PCR amplification using specific primers in Chakwal-97 (stressed
seedlings)

(M=Marker, 1=α-Tubulin, 2=TdDHN15, 3=WDHN13, 4=TdDHN16, 5=TdDHN9.6)

Figure 32.

PCR amplification using specific primers in Uqab-2000 (stressed
seedlings)

(M=Marker, 1=α-Tubulin, 2=TdDHN15, 3=WDHN13, 4=TdDHN16, 5=TdDHN9.6)
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Figure 33.

PCR amplification using specific primers in Chakwal-50 (stressed
seedlings)

(M=Marker, 1=α-Tubulin, 2=TdDHN15, 3=WDHN13, 4=TdDHN16, 5=TdDHN9.6)

Figure 34.

PCR amplification using specific primers in Wafaq-2001 (stressed
seedlings)

(M=Marker, 1=α-Tubulin, 2=TdDHN15, 3=WDHN13, 4=TdDHN16, 5=TdDHN9.6)
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family have different role in producing response to drought at molecular level. Similar
results were reported by Suprunova et al., (2004) who observed DHN gene family
member have a distinct role in determining stress response in Barley.
The complexity of drought response mechanism was observed in five cultivars
utilized in this study. The expression kinetics was differed in all five genotypes which
displayed the more complex and dynamic way of expression of these genes under
stress environment. However, these genes were remained exclusively silent under
controlled conditions (no stress applied). Thus, no such protein was translated during
the growth period. This clearly demonstrated the presence of some genes having
absolute control over gene responsible for synthesizing proteins to counter drought.
The complexity of the phenomenon of drought resistance was studied by (Suprunova
et al., 2004) in Barley. It was reported that high level of drought stress resistance
might be attributed to the combine effect of DHN gene expression, transcription
factors, signal transduction and enhanced perception of stress environment at cellular
level.
One of the main cellular events occurring during water deficit is extensive
modification of gene expression resulting in a strict control of all the physiological and
biochemical responses to the stress. Several genes specifically involved in stress
response have been identified. Among these are the genes encoding the so-called LEA
proteins. LEA proteins accumulate under stress conditions such as drought, salinity
and low temperatures, but they are present also in ABA-treated vegetative plants. To
this family belong the DHN genes, which are up-regulated during the stress (Zhu et al.,
2000). Association between accumulation of members of the DHN family and
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tolerance to stresses involving dehydration has been shown in several species such as
sunflower (Cellier et al., 1998), barley (Zhu et al., 2000) and wheat (Lopez et al.,
2003). Variability in the DHN gene family has been studied in many plant species
(Grosselindemann et al., 1998; Morrel et al., 2003; Natali et al., 2003), and in
particular wide allelic variation was found in barley at several DHN loci (Close et al.,
2000). Responses to drought stress are extremely different according to the genetic
background. In fact, inter-and intra-species variations in drought resistance are known.
The quantification of DHN gene expression would be benefitting. It would be
helpful in making the phenomenon of drought understandable particularly at molecular
level. The response of genotypes under field conditions would enable us to measure
the level of resistance shown by these cultivars.

SUMMARY

Drought is a major constraint to food production because it limits plant growth
and development, ultimately reduces crop yield. Crop plants have adopted different
strategies to tolerate drought stress and these include reduction in water loss by
increasing stomatal resistance, increased water uptake, accumulation of osmolytes,
waxes and late embryogenesis abundant (LEA) proteins especially low molecular
weight dehydrin. One of the possible ways to bring drought area under cultivation is
by growing drought tolerant cultivars. Present study was carried out to evaluate wheat
cultivars on morphological, physiological, biochemical and molecular basis for
drought tolerance.

In first and second investigation wheat cultivars were evaluated under different
levels of osmotic stress at early germination and vegetative stage in hydroponics.
Present study revealed that sufficient genetic variation for drought tolerance existed in
wheat genotypes tested. The genotypes responded differently to the various osmotic
stress levels. Increase in osmotic potential reduced the germination percentage, speed
of germination, coleoptile length and root shoot length. At all osmotic stress levels,
values for fresh and dry radicle and plumule weight were always lower than values for
fresh and dry radicle and plumule weight then at controlled conditions. Dry matter
accumulation was significantly affected by water stress.
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Total soluble sugar, proline, total soluble protein and free amino acid content
improved with an increase in osmotic potential, whereas increased in osmotic stress
caused a drop in total chlorophyll content. Dry matter accumulation was considerably
affected by osmotic stress beyond -6 bars of osmotic potential. Additional, the
percentage of dry weight allocated to roots and shoots increased with increasing
osmotic potential. Therefore, an increased root-shoot ratio seems to be an adaptation to
drought, resulting in more proficient water and nutrient uptake under drought stress
conditions.

Chakwal-50 and GA-2002 were measured most drought tolerant based on
germination percentage, speed of germination, coleoptile length, root-shoot length,
total soluble sugar, proline, total soluble protein, free amino acid and total chlorophyll
content. Whereas Chakwal-97 is moderately drought tolerant. These cultivars have the
potential to tolerate high drought stress at germination and vegetative phase. Chakwal50 performed constantly well in all stress ranks. These genotypes could be efficiently
used as new sources of drought tolerance.

Our results exhibited that drought stress had considerable inhibitory effect on
wheat germination and vegetative phase. Genotypes fluctuated expressively in their
response to drought stress in both phases of the research. Drought sensitive wheat
genotypes exposed more deterioration in dry biomass production as compared to
drought tolerant genotypes.
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Keeping in view the values of seed germination and speed of germination, he
germination and then vegetative stage was found to be more drought sensitive stage.
Therefore, if plants execute better at vegetative stage they will certainly harvest better
yield in stress environments.

In greenhouse trial the drought stress was created in pots by employing different
levels of field capacity. Study revealed that genotypes differed expressively for
photosynthesis rate, stomatal conductance, transpiration rate, leaf osmotic potential,
leaf water potential, epicuticular wax content and relative water content. Physiological
components i.e. photosynthesis rate, stomatal conductance, transpiration rate, leaf
osmotic potential, leaf water potential and relative water content reduced considerably
with increase in drought stress although epicuticular wax content increased extensively.

On physiological basis Chakwal-50 was the utmost drought tolerant genotype
followed by GA-2002. These cultivars have the potential to tolerate drought stress.
However Wafaq-2001 and Uqab-2000 are considered drought sensitive ones.
Chakwal-50 performed constantly well in drought conditions.

The genetic basis of drought tolerance was examined in wheat cultivars varying
in drought tolerance ranks. For drought stress wheat seedlings were exposed to -8 bars
of osmotic potential created by PEG-6000. No expression of any of the DHN genes
analyzed was observed in any cultivar in controlled (non-stressed) seedlings. Whereas
drought induced the expression of DHN genes in the genotypes examined. Only
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WDHN13 gene expression was induced in GA-2002 and Chakwal-50. WDHN13 gene
is a dehydrin gene and induced in response to drought stress confirming the results
from the preceding trials that Chakwal-50 and GA-2002 are drought tolerant cultivars.

The cultivars Chakwal-50 and GA-2002 executed better on molecular,
physiological and biochemical basis in water stress environments. These cultivars can
thus serve as donor parents for developing drought tolerant wheat varieties. Our results
exhibited high genetic dissimilarity in studied wheat genotypes as shown by DHN
genes. Substantially high genetic variation was observed in wheat cultivars. Generally
drought tolerant genotypes clustered together indicating more genetic similarity and
less variation.

CONCLUSION
The following inferences were drawn from the investigation.



Various drought levels had substantial effects on germination and vegetative
growth traits of wheat genotypes.



Proline, total soluble sugar, proteins and amino acids have direct whereas total
chlorophyll content, seedling fresh and dry weight have inverse association with
water stress.



Photosynthesis rate, transpiration rate, stomatal conductance, relative water
content and osmotic potential declines with rise in water stress.
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Gene expression of WDHN13 was observed solitary in GA-2002 and Chakwal50. None of the other genes (TdDHN15, TdDHN16, TdDHN9.6) was expressed
in any of the wheat cultivars under study.



Chakwal-50 and GA-2002 may be considered superior cultivars for low rainfall
areas with possibility of drought spells.



Chakwal-50 and GA-2002 were found best drought tolerant genotypes hence
might be used as novel sources of drought tolerance.



Ample genetic dissimilarity existed in the tested wheat genotypes for drought
tolerance.
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APPENDICES
EXPERIMENT NO. 01
Appendix 1:

Analysis of Variance for Germination Percentage
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

4

24555.875

Variety (V)

4

TxV

Source

F Value

Probability

6138.969

449.193

0.000

2499.625

624.906

45.725

0.000

16

1338.500

83.656

6.121

0.000

Error

75

1025.000

13.667

Total

99

29419.000

F Value

Probability

4.57 %

C.V

Appendix 2:

Analysis of Variance for Speed of Germination
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

4

1689.168

422.292

2074.554

0.000

Variety (V)

4

34.142

8.535

41.931

0.000

TxV

16

10.066

0.629

3.091

0.001

Error

75

15.267

0.204

Total

99

1748.643

F Value

Probability

Source

4.19 %

C.V

Appendix 3:

Analysis of Variance for Shoot Length
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

4

782.282

195.570

3348.808

0.000

Variety (V)

4

34.842

8.710

149.151

0.000

TxV

16

9.302

0.581

9.956

0.000

Error

75

4.380

0.058

Total

99

830.806

Source

3.45 %

C.V
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Appendix 4:

Analysis of Variance for Root Length
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

4

918.698

Variety (V)

4

TxV

Source

F Value

Probability

229.674

3225.763

0.000

91.882

22.970

322.618

0.000

16

3.638

0.227

3.194

0.000

Error

75

5.340

0.071

Total

99

1019.558

F Value

Probability

3.16 %

C.V

Appendix 5:

Analysis of Variance for Coleoptile Length
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

4

111.828

27.957

1411.965

0.000

Variety (V)

4

24.929

6.232

314.755

0.000

TxV

16

1.914

0.120

6.043

0.000

Error

75

1.485

0.020

Total

99

140.156

F Value

Probability

Source

4.79 %

C.V

Appendix 6:

Analysis of Variance for Root Fresh Weight
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

4

796261.760

199065.440

4068.095

0.000

Variety (V)

4

51690.560

12922.640

264.087

0.000

TxV

16

2128.640

133.040

2.719

0.002

Error

75

3670.000

48.933

Total

99

853750.960

Source

C.V

3.02 %
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Appendix 7:

Analysis of Variance for Root Dry Weight
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

4

123604.800

Variety (V)

4

TxV

Source

F Value

Probability

30901.200

1325.852

0.000

19564.800

4891.200

209.863

0.000

16

5430.400

339.400

14.562

0.000

Error

75

1748.000

23.307

Total

99

150348.000

F Value

Probability

4.05 %

C.V

Appendix 8:

Analysis of Variance for Shoot Fresh Weight
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

4

1038933.760

259733.440

1540.652

0.000

Variety (V)

4

70832.960

17708.240

105.039

0.000

TxV

16

9360.640

585.040

3.470

0.000

Error

75

12644.000

168.587

Total

99

1131771.360

F Value

Probability

Source

3.97 %

C.V

Appendix 9:

Analysis of Variance for Shoot dry Weight
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

4

412319.040

103079.760

1054.129

0.000

Variety (V)

4

139627.840

34906.960

356.971

0.000

TxV

16

8898.560

556.160

5.688

0.000

Error

75

7334.000

97.787

Total

99

568179.440

Source

C.V

4.97 %
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Appendix 10: Analysis of Variance for Coefficient of Relative Inhibition
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

3

2.261

Variety (V)

4

TxV

Source

F Value

Probability

0.754

833.162

0.000

0.291

0.073

80.550

0.000

12

0.079

0.007

7.288

0.000

Error

60

0.054

0.001

Total

79

2.686

F Value

Probability

7.69 %

C.V

EXPERIMENT NO. 02
Appendix 11: Analysis of Variance for Proline Content
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

4

51.711

12.928

3709.462

0.000

Variety (V)

4

6.525

1.631

468.049

0.000

TxV

16

3.788

0.237

67.928

0.000

Error

50

0.174

0.003

Total

74

62.198

Source

4.35 %

C.V

Appendix 12: Analysis of Variance for Total Soluble Sugars Content
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

4

58.438

Variety (V)

4

TxV

Source

F Value

Probability

14.610

867.592

0.000

2.759

0.690

40.962

0.000

16

2.383

0.149

8.843

0.000

Error

50

0.842

0.017

Total

74

64.422

C.V

5.38 %
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Appendix 13: Analysis of Variance for Chlorophyll “a” Content
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

4

6.942

Variety (V)

4

TxV

Source

F Value

Probability

1.735

1176.207

0.000

0.583

0.146

98.733

0.000

16

0.383

0.024

16.236

0.000

Error

50

0.074

0.001

Total

74

7.982
3.31 %

C.V

Appendix 14: Analysis of Variance for Chlorophyll “b” Content
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

4

0.526

Variety (V)

4

TxV

Source

F Value

Probability

0.131

28.706

0.000

0.002

0.001

0.120

0.976

16

0.028

0.002

0.389

0.982

Error

50

0.229

0.005

Total

74

0.786
12.11 %

C.V

Appendix 15: Analysis of Variance for Total Chlorophyll Content
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

4

11.003

Variety (V)

4

TxV

Source

F Value

Probability

2.751

645.332

0.000

0.612

0.153

35.902

0.000

16

0.246

0.015

3.610

0.000

Error

50

0.213

0.004

Total

74

12.074

C.V

3.80 %
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Appendix 16: Analysis of Variance for Total Soluble Protein Content
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

4

0.869

Variety (V)

4

TxV

Source

F Value

Probability

0.217

70.641

0.000

0.167

0.042

13.574

0.000

16

0.107

0.007

2.170

0.019

Error

50

0.154

0.003

Total

74

1.297
5.11 %

C.V

Appendix 17: Analysis of Variance for Free Amino Acid Content
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

4

4.840

Variety (V)

4

TxV

Source

F Value

Probability

1.210

331.830

0.000

0.542

0.136

37.187

0.000

16

0.119

0.007

2.046

0.028

Error

50

0.182

0.004

Total

74

5.684

F Value

Probability

4.15 %

C.V

Appendix 18: Analysis of Variance for Shoot Fresh Weight
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

4

0.385

0.096

206.482

0.000

Variety (V)

4

0.061

0.015

32.725

0.000

TxV

16

0.007

0.000

0.980

Error

50

0.023

0.000

Total

74

0.477

Source

C.V

5.96 %
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Appendix 19: Analysis of Variance for Shoot Dry Weight
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

4

0.003

Variety (V)

4

TxV

Source

F Value

Probability

0.001

148.670

0.000

0.001

0.000

28.983

0.000

16

0.000

0.000

1.661

0.087

Error

50

0.000

0.000

Total

74

0.004

F Value

Probability

6.84 %

C.V

Appendix 20: Analysis of Variance for Root Fresh Weight
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

4

0.055

0.014

38.450

0.000

Variety (V)

4

0.006

0.001

4.176

0.005

TxV

16

0.001

0.000

0.250

Error

50

0.018

0.000

Total

74

0.080

Source

3.55 %

C.V

Appendix 21: Analysis of Variance for Root Dry Weight
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

4

0.021

Variety (V)

4

TxV

Source

F Value

Probability

0.005

930.655

0.000

0.002

0.001

109.632

0.000

16

0.000

0.000

2.455

0.008

Error

50

0.000

0.000

Total

74

0.024

C.V

5.00 %
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EXPERIMENT NO. 03
Appendix 22: Analysis of Variance for Photosynthesis Rate
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

3

989.827

Variety (V)

4

TxV

Source

F Value

Probability

329.942

192.922

0.000

152.461

38.115

22.287

0.000

12

28.175

2.348

1.373

0.219

Error

40

68.409

1.710

Total

59

1238.873

F Value

Probability

4.98 %

C.V

Appendix 23: Analysis of Variance for Stomatal Conductance
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

3

1.776

0.592

81.433

0.000

Variety (V)

4

0.329

0.082

11.327

0.000

TxV

12

0.043

0.004

0.488

Error

40

0.291

0.007

Total

59

2.439

Source

15.12 %

C.V

Appendix 24: Analysis of Variance for Transpiration Rate
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

3

265.974

Variety (V)

4

TxV

Source

F Value

Probability

88.658

473.706

0.000

20.820

5.205

27.810

0.000

12

2.407

0.201

1.072

0.408

Error

40

7.486

0.187

Total

59

296.688

C.V

8.55 %
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Appendix 25: Analysis of Variance for Leaf Osmotic Potential
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

3

0.440

Variety (V)

4

TxV

Source

F Value

Probability

0.147

269.245

0.000

0.043

0.011

19.620

0.000

12

0.024

0.002

3.677

0.001

Error

40

0.022

0.001

Total

59

0.528

F Value

Probability

2.57 %

C.V

Appendix 26: Analysis of Variance for Leaf Water Potential
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

3

12.034

4.011

1080.718

0.000

Variety (V)

4

2.357

0.589

158.779

0.000

TxV

12

1.909

0.159

42.853

0.000

Error

40

0.148

0.004

Total

59

16.448

Source

6.54 %

C.V

Appendix 27: Analysis of Variance for Epicuticular Wax Content
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

3

362049.650

Variety (V)

4

TxV

Source

F Value

Probability

120683.217

2204.931

0.000

85649.567

21412.392

391.213

0.000

12

15275.100

1272.925

23.257

0.000

Error

40

2189.333

54.733

Total

59

465163.650

C.V

3.47 %
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Appendix 28: Analysis of Variance for Relative Water Content
Degrees of

Sum of

Mean

Freedom

Square

Square

Treatment (T)

3

6104.400

Variety (V)

4

TxV

Source

F Value

Probability

2034.800

148.526

0.000

1976.400

494.100

36.066

0.000

12

267.600

22.300

1.628

0.123

Error

40

548.000

13.700

Total

59

8896.400

C.V

5.17 %
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Appendix 29: Composition of MS (Murashige and Skoog) Medium
Sr.#

Salts

Concentration

Solution-A
1

NH4NO3

1.65 g/liter

2

KNO3

1.90 g/liter

CaCl2

0.44 g/liter

4

MgSO4.7H2O

0.37 g/liter

5

KH2PO4

0.17 g/liter

Solution-B
3
Solution-C

Solution-D
6

FeSO4.7H2O

27.80 mg/liter

7

Na2EDTA.2H2O

33.60 mg/liter

8

H3BO3

6.20 mg/liter

9

ZnSO4.7H2O

8.60 mg/liter

10

MnSO4.H2O

16.9 mg/liter

11

Na2MoO4.2H2O

0.25 mg/liter

12

CuSO4.5H2O

0.025 mg/liter

13

CoCl2.6H2O

0.025 mg/liter

14

KI

0.83 mg/liter

15

Myoinositol

100 mg/liter

16

Nicotinic acid

0.5 mg/liter

17

Pyrodoxine HCl

0.5 mg/liter

18

Thiamine HCl

0.1 mg/liter

19

Glycine

0.20 mg/liter

Solution-E

Solution-F

Solution-G
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Different cultivars differ inherently in their response to drought and those cultivars best adapted to
growth in arid and semiarid conditions form the most uniform and vigorous stands when grown under
water deficits. The seeds of five wheat cultivars (GA-2002, Chakwal-97, Uqab-2000, Chakwal-50 and
Wafaq-2001) were subjected to five different levels of osmotic stress; 0 bars (distilled water, control), -2,
-4, -6 and -8 bars to assess the effect of osmotic stress on germination percentage, mean germination
time, coleoptile length, proline and sugar amounts. The investigations were performed as factorial
experiments under complete randomized design (CRD). Germination percentage, mean germination
time and coleoptile length were shown to decrease with increasing osmotic stress, whereas a
progressive increase in proline and sugar content were observed with increasing osmotic stress. The
response of five cultivars examined under various levels of osmotic stress differed dramatically.
Chakwal-50 and GA-2002 were amongst best performers, showing high germination rate, longest
coleoptile length, highest proline values and sugar contents when compared with other cultivars under
stress conditions. These were proven to be the most tolerant cultivars. Performance of Wafaq-2001 and
Uqab-2000 were poor when compared to the other cultivars under limited water stress conditions.
Key words: Wheat, Triticum aestivum, water stress, osmotic stress, proline, sugar, seedling, germination.
INTRODUCTION
Drought is a worldwide problem, seriously constraining
global crop production. Recent global climate change has
made this situation even more serious (Pan et al., 2002).
Current estimates indicate that 25% of the world’s
agricultural land is now affected by high levels of water
stress (Jajarmi, 2009). Drought is connected with almost
all aspects of biology (Bayoumi et al., 2008), and is one
of the major causes of crop loss worldwide, which
commonly reduces average yield for many crop plants by
more than 50% (Wang et al., 2003).
Wheat (Triticum aestivum L.) is one of the world’s most
widely adapted crop supplying one-third of the world
population with more than half of their calories and nearly
half of their protein. In Pakistan, wheat is a staple food

*Corresponding author. E-mail: qayyum00818@yahoo.com.
Tel: +923005203211.

and occupies a central position in setting farming and
agriculture policies. It contributes 14.4% value added to
agriculture and 3.1% to GDP (Government of Pakistan,
2009 -10). Wheat is mainly grown on rainfed lands
without supplementary irrigation. About 37% of land area
in
developing
countries
consists
of
semiarid
environments in which available moisture constitutes a
primary constraint to wheat production. Drought negatively affects seedling emergence and establish-ment,
root to shoot ratio, solute accumulation (Blum, 1996),
photosynthesis (Brar et al., 1990) and ultimately the yield
of the crop. Drought stress affects yield by depressing
both sink and source, depending on the timing and the
severity of stress with respect to plant phenology (Blum,
1996). Plants may be affected by drought at any time in
life, but certain stages such as germination and seedling
growth are critical (Pessarakli, 1999).
Seed germination and seedling vigor are prerequisites
for successful stand establishment and under rainfed
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conditions of arid and semiarid regions; low moisture is
the main limiting factor for germination. The rate and
degree of seedling establishment are extremely important
factors in determining yield (Brigg and Aylenfisu, 1979;
Rauf et al., 2007). As such, drought stress at the seed
germination and seedling stage is a major determinant of
wheat production in many parts of the world. In particular,
seed vigor index and shoot length are among the most
sensitive to drought stress, followed by root length and
coleoptile length (Dhandas et al., 2004). And it has been
demonstrated that under drought conditions there is a
significant positive relationship between coleoptile length
and drought resistance index in wheat (Song-ping et al.,
2007).
Osmotic adjustment is a well-known mechanism by
which plants tolerate drought. Compatible solutes are
produced at higher levels when plants experience
osmotic stress as a means to facilitate osmotic adjustment (Hasegawa et al., 2000; Zhu, 2000; Shao et al.,
2005). These compounds accumulate in high amounts
mainly in cytoplasm of stressed cells and behave as
osmoprotectants of membrane and protein integrity
(Yancey, 1994). High accumulation of proline (Rhodes et
al., 1999; Ozturk and Demir, 2002; Hsu et al., 2003; KaviKishore et al., 2005) and sugars (Mohammadkhani and
Heidari, 2008) under stress is a characteristic feature of
most plants. Selection for drought tolerance at the early
seedling stage is frequently accomplished using
simulated drought induced by chemicals. Polyethylene
glycol (PEG-6000) is the most widely used chemical for
this purpose, generally used to modify the osmotic
potential of nutrient solution and induce plant water deficit
in a relatively controlled manner (Carpita et al., 1979).
Polyethylene glycol molecules are inert, non-ionic,
virtually impermeable to cell membranes and can induce
uniform water stress without causing direct physiological
damage (Carpita et al., 1979; Lu and Neumann, 1998;
Kulkarni and Deshpande, 2007).
Germination and seedling stage is considered to be the
most critical growth stage, especially under water stress
conditions for the successful stand establishment of crop
plants. The present study was conducted to evaluate five
wheat cultivars for drought resistance at germination and
seedling stage. PEG-6000 was used as an osmoticum to
induce stress conditions. The objective of this study was
to evaluate wheat varieties for drought resistance at
germination and seedling stage.
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stress (-2, -4, -6 and -8 bars) was created using different
concentrations of polyethylene glycol (PEG) 6000 at 20°C
according to the method as used by Michel and Kaufmann (1973).
Experiments were laid out in a two factorial design using complete
randomize design (CRD) with four replications.
Determination of mean germination time (MGT)
Forty healthy and uniform seeds of each genotype were selected
and then sterilized with 1.0% sodium hypochlorite solution for 3 min
(Mcgee, 1988). Seeds were then put in sterilized 9 cm Petri dishes
containing germination paper moistened with 8 ml of the four
solutions of PEG-6000. The Petri dishes were kept in an incubator
at 20 ± 0.5°C (Rehman et. al., 1996; Ghodsi, 2004) and the number
of seeds germinated in each Petri dish recorded daily for 8 days.
For germination purposes, only those seeds that presented
approximately 2 mm of root length were considered germinated
(Sapra et al., 1999; Afzal et al., 2004). The numbers of seeds
germinated were counted daily and the germination percentage and
mean germination time were estimated. The mean germination time
(MGT) was determined by using formula as described by Sadeghi
et al. (2011).
MGT = ∑Dn / ∑n,
Where, Dn is the number of seeds which germinated on day D and
n is the number of days from beginning of germination test to day
D.

Determination of CRI
At the end of the eighth day, five seedlings were randomly selected
(from each treatment) and the coleoptile length measured and
mean length determined. Coefficient of relative inhibition (CRI) was
calculated by the formula given by Mercado (1973), which is a
measure of growth inhibition based on the stress treatments
suppression of overall plant biomass accumulation;

Biomass of unstressed plants – Biomass of stressed plants
CRI =
Biomass of unstressed plants
A second experiment was laid out in two factorial design using
completely randomize design (CRD) with three replications. Seeds
were sown in Petri dishes and after seven days the seedlings were
transplanted into hydroponics having modified MS medium solution
(Murashige and Skoog, 1962). After 3 to 4 days, the modified MS
medium was supplemented by PEG 6000 to induce osmotic stress
of -2, -4, -6 and -8 bars. MS medium without PEG served as
control. After 2 days, there was a visible effect of the treatments on
growth and plants were harvested. Proline and sugar contents of
the stressed and control seedling were then measured.

Determination of proline content
MATERIALS AND METHODS
The experiments were conducted in Crop Physiology Laboratory,
Department of Agronomy, Pir Mehr Ali Shah Arid Agriculture
University Rawalpindi, Pakistan. Five wheat (Triticum aestivum L.)
varieties (GA-2002, Chakwal-97, Uqab-2000, Chakwal-50 and
Wafaq-2001) were subjected to five stress levels at 0 bars (distilled
water, control), -2, -4, -6 and -8 bars to test germination and
seedling growth. The seeds of the wheat genotypes were obtained
from National Agriculture Research Council, Islamabad. Osmotic

Proline (mg/g fresh weight) amounts were determined following the
method of Bates et al. (1973). 0.1 g of fresh sample of leaves was
added in 5 ml of 3% sulfosalicylic acid in test tubes, ground and
then allowed to settle. Then 2 ml from supernatant was mixed with
2 ml each of glacial acetic acid and ninhydrin reagent and was
boiled for 1 h in water bath at 100°C. After 1 h, the reaction was
stopped in ice and finally 4 ml of toluene was added, vortexed and
the absorbance of the supernatant was read at 520 nm on the UV
Spectrophotometer (Biochem, 2100). Toluene was used as blank
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Table 1. Effect of polyethylene glycol (PEG)-induced osmotic stress on germination indices: germination percentage, mean
germination time and coleoptile length of five wheat cultivars

Treatment
Control
-2 Bars
-4 Bars
-6 Bars
-8 Bars

Germination (%) ±SE
100.00 ± 0a
95.63 ± 0.11 b
c
82.00 ± 0.38
d
67.63 ± 0.52
e
59.25 ± 0.46

Mean germination time ± SE
17.10 ± 0.02a
13.31 ± 0.02b
c
10.38 ± 0.05
d
7.31 ± 0.05
e
5.69 ± 0.04

Coleoptile length (cm) ± SE
4.29 ± 0.02a
3.89 ± 0.02b
c
2.99 ± 0.03
d
2.03 ± 0.03
e
1.51 ± 0.02

Significant at P<0.05.

sample.

Absorbance of sample × K value × dilution factor
Proline =
Weight of sample × 100
Determination of sugar content
Total soluble sugar (mg/g fresh weight) was determined based on
the method given by Dubois (1951). Fresh leaves (0.1 g) were
added with 5 ml of 80% ethanol to test tubes, placed in water bath
and heated for 1 h at 80°C. Then 1 ml of the sample extract was
taken in another set of test tubes and mixed with 1 ml each of 18%
phenol and distilled water, and then allowed to stand at room
temperature for 1 h. Finally, 5 ml of sulphuric acid was added and
the whole mixture was vortexed. Absorbance was read at 490 nm
wavelength on the UV spectrophotometer (Biochem, 2100). 80%
Ethanol was used as blank of sample.
Absorbance of sample × K value × dilution factor
Total soluble sugar =
Weight of sample × 100

Statistical analysis
The data collected was analyzed statistically using analysis of
variance techniques to identify significant differences among wheat
varieties. Least significant difference test was applied at five
percent level of probability to compare the treatment means as
explained by Steel and Torrie (1980).

RESULTS AND DISCUSSION
Data pertaining to effect of PEG induced stress on
germination percentage, mean germination time and
coleoptile length is shown in Table 1. Significant differences were observed among all these parameters. An
inverse relationship was observed between osmotic
stress level and the following: germination percentage,
MGT and coleoptile length. Germination percentage
decreased from 100 in control to 59.25% in -8 bars
osmotic stress, while MGT decreased from 17.10 in
control to 5.69 under -8 bars osmotic stress. Increase in
stress level caused a linear decrease in germination
percentage and MGT in all wheat cultivars. Germination
is a critical stage of plant life. Seed germination and vigor

are prerequisite for the successful establishment of
plants. Water stress at this stage can result in delayed
and reduced germination or may prevent germination
completely (Hegarty, 1977). It has been suggested
(Hunter and Erickson, 1952) that once a seed attains a
critical level of hydration it will precede without cessation
toward full germination. However, physiological changes
do occur at hydration levels below this critical level that
can cause an inhibition of germination. Therefore, water
stress is reported to delay and reduced germination or
may prevent germination completely (Hegarty, 1977). For
example, reduction in germination percentage can result
from PEG treatments that decrease the water potential
gradient between seeds and their surrounding media
(Dodd and Donovan, 1999). Water stress significantly
reduces the MGT, thus reducing the resistance of young
plants to withstand other unfavorable field conditions. Our
findings which revealed that moderate stress intensities
only delay germination, while high stress intensities have
an impact on the final germination percentages are consistent with that of Almansouri et al. (2001). Resistance to
water stress during the germination stage can make a
plant stable for later growth.
PEG-induced osmotic stress also had an adverse effect
on coleoptile length. Coleoptile length decreased
significantly from 4.29 in control to 1.51 cm in -8 bars
osmotic stress. In cereals, coleoptile is a specialized
tissue that provides a protective shield to the primary leaf
until it reaches to the soil surface. In the dark underground environment, coleoptile elongation must equal or
exceeds that of leaf it encloses as they grow upwards
together (Salisbury and Ross, 1992). Water availability
affects coleoptile growth and thus affects the seedling
emergence and stand establishment. Wang et al. (1999)
found a significant relation between coleoptile length (CL)
and drought resistance index (DRI) in wheat under
drought, and suggested that the CL can be used to
evaluate drought tolerance (DT) in wheat and to screen
drought-tolerant genotypes.
The wheat cultivars under study in this report differed
significantly in response to osmotic stress conditions.
Chalwal-50 followed by GA-2002 gave a better germination, MGT and coleoptile length (Table 2). Water stress
generally reduces seed germination, coleoptile length
and delays germination, and ultimately the crop yield is
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Table 2. Performance of five wheat cultivars germinated under PEG-induced osmotic stress on three germination indices:
germination percentage, mean germination time and coleoptile length

Cultivar
GA-2002
Chakwal-97
Uqab-2000
Chakwal-50
Wafaq-2001

Germination (%) ±SE
b
84.38 ± 0.72
b
82.25 ± 0.75
d
73.00 ± 1.11
a
87.13 ± 0.62
c
77.75 ± 0.92

Mean Germination Time ±SE
b
11.12 ± 0.20
b
10.87 ± 0.20
d
9.88 ± 0.24
a
11.55 ± 0.20
c
10.36 ± 0.22

Coleoptile length (cm) ±SE
b
3.41 ± 0.05
c
2.91 ± 0.05
e
2.33 ± 0.06
a
3.59 ± 0.05
d
2.46 ± 0.06

Significant at P<0.05.

reduced. Germination percentage and speed are important for seedling establishment, which in turn determines
both yield and time of maturity (Rauf et al., 2007).
Coleoptile length is related with drought resistance in
wheat (Song-ping et al., 2007). Chakwal-50 and GA-2002
based on germination response and coleoptile length
under stress conditions in these experiments may be
considered better drought tolerant cultivars. Uqab-2000
exhibited the lowest values for germination (73%), MGT
(9.88) and coleoptile length (2.33 cm), thereby manifesting the least resistance against this water deficiency
stress. Differential cultivar response to these osmotic
stress treatments suggests a great deal of genetic
variation among cultivars that could be utilized to develop
new wheat cultivars adapted to arid and semiarid regions.
Alaei et al. (2010), Jajarmi (2009) and Bayoumi et al.
(2008) all reported variable response of wheat cultivars
for germination percentage, MGT and coleoptile length to
various osmotic stress levels. Results presented here are
consistent with previous findings that certain germination
criteria such as germination percentage, MGT, coleoptile
length, root growth and shoot growth can all be used for
selecting drought-resistant cultivars.
Coefficient of relative inhibition (CRI) is a measure of
growth inhibition; the greater the coefficient, the more the
inhibition of plant growth. The differences among the
water stress treatment for CRI were significant (Figure 5).
An increase in osmotic stress caused a significant
increase in CRI from 0.17 at -2 bars to 0.62 under -8 bars
osmotic stress. Increase in CRI indicates a progressive
inhibition of plant growth in conformity to the observation
of Meiri and Poljakoff-Mayber (1970) who found that the
reduction in the plant growth was dependent on the
ultimate level of stress condition. These results are also
in line with the findings of Mercado (1973) who reported
positive relationship between CRI and growth reduction
under salinity. Differences among cultivars were also
highly significant for CRI (Figure 6). Chakwal-50 and GA2002 showed minimum values of CRI (0.32 and 0.34,
respectively), hence showed maximum resistance
against water stress as compared to other cultivars.
Uqab-2000 exhibited the maximum (0.48) values of CRI
and showed minimum resistance against water stress.
Therefore, Chakwal-50 may be considered more stress
resistant variety followed by GA-2002 and Uqab-2000

being the most susceptible.
The difference among the water stress treatments for
proline and sugar were highly significant at 5% level of
probability (Figures 1 and 2) and there was a progressive
increase in proline and sugar contents with increased
osmotic stress. Proline content increased from 0.33 in
control to 2.65 mg/g in -8 bars osmotic stress, while
sugar content increased to 3.78 under -8 bars osmotic
stress from 1.49 mg/g in control. Proline plays an important role in minimizing the damage caused by
dehydration (Nayer and Heidari, 2008). Recent studies
have demonstrated that the manipulation of genes
involved in the biosynthesis of low molecular weight
metabolites such as proline, can improve plant tolerance
to water deficiency. High proline synthesis in stressed
plants under field conditions could favor a better recovery
of the plants (Tatar and Gevrek, 2008). Plant cells
achieve their osmotic adjustment by the accumulation of
different kinds of compatible solutes such as proline,
betaine and polyols to protect membranes and proteins
(Delauney and Verma, 1993).
It has also been shown that proline also plays a key
role in stabilizating cellular proteins and membranes in
presence of high concentrations of osmoticum (Yancey,
1994; Errabii et al., 2006). These results are in
accordance with the findings of Mohammadkhani and
Heidari (2008), Tatar and Gevrek (2008) and Kameli and
Losel (1996) who reported that wheat sugar and proline
content increased under drought stress conditions.
Higher proline content in wheat plants after water stress
has also been reported by Vendruscolo et al. (2007) and
Patel and Vora (1985). Increasing amounts of proline
under several stress conditions including water deficit
stress, was also observed in wheat (Charest and Phan,
1990; Nayyar, 2003; Poustini et al., 2007; Tian and Lei,
2007). Sugars also play a role in osmotic adjustment,
with increasing soluble sugars under water stress
reported by Johari et al. (2010). Higher amount of soluble
sugars and a lower amount of starch were found under
water stress conditions in maize plants (Mohammadkhani
and Heidari, 2008). Kerepesi and Galiba (2000) also
found that tolerant genotypes accumulated more total
water-soluble carbohydrate (WSC), glucose, fructose and
sucrose than did sensitive ones when subjected to PEG
induced drought stress. Moreover, the wheat cultivars

14042

Afr. J. Biotechnol.

Figure 1. Proline content at different osmotic stress levels of 14-day old wheat seedling of five wheat
cultivars (all means [± S.E.] are significantly different at P<0.05).

Figure 2. Soluble sugar content at different osmotic stress levels of 14-day old wheat seedling of five
wheat cultivars (all means [± S.E.] are significantly different at P<0.05).

examined here differed significantly in their seed germiation response to osmotic stress. Chalwal-50 produced
higher proline (1.80 mg/g) and sugar (2.64 mg/g)
contents (Figures 3 and 4) with lowest (0.32) CRI, hence
it was more stress tolerant than the other cultivars tested.
Uqab-2000 however, produced the lowest values for
proline (0.89 mg/g) and sugar (2.14 mg/g) contents and

was the least resistance to water stress.
Our results therefore indicated that accumulation of
high proline content could be a very good criterion for
selecting tolerant genotypes (Vendruscolo et al., 2007).
These results are similar to the findings of Keyvan
(2010), Mohammadkhani and Heidari (2008) and HongBo et al. (2006) in wheat. The wheat variety Chalwal-50,
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Figure 3. Proline content of 14-day old seedlings of five wheat cultivars (all means
[± S.E.] are significantly different at P<0.05).

Figure 4. Total soluble sugar content of 14-day old seedlings of five wheat cultivars
(all means [± S.E.] are significantly different at P<0.05).

Figure 5. Coefficient of relative inhibition at different osmotic stress levels of five
wheat (all means [± S.E.] are significantly different at P<0.05).
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Figure 6. Coefficient of relative inhibition of eight-day-old seedlings of five wheat (Triticum
aestivum) cultivars (all means [± S.E.] are significantly different at P<0.05).

Chalwal-97 and GA-2002 may be excellent cultivars to
grow in regions where water deficiency stress may be
common during the germination and early seedling
growth stages. These also may serve as excellent
parents to initiate a breeding program using recurrent
selection to develop even better water stress tolerant
lines.
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