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ABSTRACT

Wheat is an important cereal crop grown worldwide primarily for chapati, bread and
biscuits. Target specific wheat breeding and quality improvement programs focus on
developing genetically superior, high yielding, disease resistant cultivars with desired
quality that are adapted to different growth environments. Drought refers to the
condition of reduced soil moisture which induces several changes in crops i.e.,
morphological, biological, physiological and molecular changes. It also causes
reduction in crop yield or in some cases cause crop failure. Rain-fed areas are more
likely to face such conditions. These condition leads to the financial crisis among
farmers whose major occupation is agriculture. Drought effects the crops in terms of
its morphology, productivity etc. The essential stages of crop growth i.e., vegetative
and reproductive are more likely to get affected. Some plants however possess
mechanisms to tolerate such conditions. Drought decreases the crop production to
50%. Tolerance against water stress is a difficult parameter in which the performance
of a crop is influenced by several characteristics i.e., biotic factors such as temperature
fluctuations, high irradiance, and nutrient deficiencies and toxicities, can challenge
crop plants. hence the breeding of drought tolerance is a very difficult task as it is
influenced by various polygene’s and their expression and due some environmental
factors. Therefore various Approaches like quantitative trait locus (QTL) mapping,
marker assisted breeding, and introgression from wild gene pool are being employed
to improve drought tolerance. This review herby provides information about the new
emerging technologies for the production of drought resistant genotype.

Introduction

Wheat (Triticum aestivum L.) is a member of
the family Poaceae, the largest family within
the monocotyledonous plants. Wheat is the
world’s most favoured staple food crop and
contributes nearly about two billion people
(36% of the world population), provides
nearly 55% of the carbohydrates and 20% of

the food calories consumed globally (Breiman
and Graur, 1995).It is the world’s largest
cereal crop species because of the acreage it
occupies, high productivity and the prominent
position it holds in the international food grain
trade. The common bread wheat, Triticum
aestivum is the most important species,
occupying more than 90% of the total wheat
area in the country. Bread wheat is a self-
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pollinating, a hexaploid annual plant
(AABBDD) with total number of 42
chromosomes. Wheat is the world’s most
favoured staple food crop and contributes
nearly of the total food grains production. The
crop is sensitive to drought and heat stresses,
particularly during flowering and grain filling
stages, notably by increased recurrent
droughts associated with global climate
change (Edossa et al., 2014).

Drought

The definition of drought reflects many
disciplinary  perspectives including the
meteorologist who views it as the lowest
amount of annual precipitation and the
agronomist who  assesses  yield loss
attributable to water deficit.

Types of drought
Drought is classified into three major
categories (Dai, 2011): (i) agricultural

drought; (ii) meteorological drought; and (iii)
hydrological drought.

Drought is the most important limiting factor
for crop production and it is becoming an
increasingly severe problem in many regions
of the world. In addition to the complexity of
drought itself (Passioura, 1996 and Passioura,
2007).Tolerance of a crop plant against water
stress is categorized as drought avoidance and
dehydration tolerance. Drought avoidance
generally involves deep root zone depth, early
planting of crops, by planting drought resistant
varieties. Breeding for drought tolerance
requires dedicated research efforts and
collaborations among growers: Local, regional
and global governmental and NGO scientists.
This allows sharing of genetic resources,
research facilities and advanced technologies
(Mwadzingeni et al., 2016a).Over a wide
range of stress and non-stress environments,
the ability of a cultivar to produce high and

satisfactory yield is very important (Rashid et
al., 2003). The response of plants to water
stress depends on several factors such as
developmental stage, severity and duration of
stress and cultivar genetics (Beltrano and
Marta, 2008). It is very important to identify
appropriate traits that are known as drought
tolerant traits in any drought experiment. some
morphological characters such as root length,
tillering, spike number per m? grain number
per spike, number of fertile tillers per plant,
1000 grain weight, peduncle length, spike
weight, stem weight, awn length, grain weight
per spike and affect wheat tolerance to the
moisture shortage in the soil (Jhonson et
al.,1983; Moustafa et al., 1996; Plautet al.,
2004; Blum, 2005).There are various factors
that can affect the plant responses to drought
such as growth rate, severity, plant genotype,
and duration of stress, activity of
photosynthetic machinery, respiration
transpiration and environmental factors. Plants
with drought tolerance in them tries to have
less water reduction and less photosynthetic
activity the tolerant plant tries to acquire more
of soluble sugars, proline content, amino
acids, chlorophyll content and enzymatic and
non-enzymatic antioxidant activities. The
physio-morphological traits of a plant are very
essential for selection in a breeding program,
this will help to improve drought tolerance in
a plant due to their relation to the adaption for
future climate scenarios. Hence identification
of the genes and controlling the physiological
changes may lead to the fruitful outcome as a
drought tolerant species. Genetic improvement
in wheat needs to be continued as it is
crucially important because of its direct
impact on economic development,
international grain trade and food security.
there are certain researches going on which
different breeding lines are compared which
have some weird and wonderful traits for
drought tolerance for example reduced
tillering, reduced awns or no awns at all,
higher waxiness on the leaves or Dbetter
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carbohydrates storage in the stem which
allows it to feel better once it’s flowered.
These traits are placed in using plant breeding
into various different genetic backgrounds so
that they can be compared in something that’s
relevant to withstand such conditions.

Physiological parameters of
Tolerance in Wheat

Drought

Physiological characters are the yield stability
parameters and could be useful for evaluating
drought tolerance wheat genotypes while a
biochemical character plays a role in osmotic
adjustment including stabilization of cell
membrane under stress conditions.
Physiological responses include closure of
stomata, decrease in the activity of
photosynthesis, development of oxidative
stress, alteration in the integrity of cell wall,
production of metabolites which are toxic and
cause plants death (Bray, 2002). According to
researchers, there is a relationship between
different physiological responses of crops and
their resistance functions under drought such
as high amount of relative water and potential
water (Clark and McCaig, 1982; Ritchie et al.,
1990)and integrity of membrane (Sairam et
al.,1990).Leaf relative water content indicates
the water status of plants relative to their fully
turgid state (Moayedi et al., 2011). Genotypes
that maintain high levels of leaf water under
water deficit conditions are less affected by
stress and are able to maintain normal growth
and yield (Beltrano et al., 2006). In wheat,
water balance among genotypes is disrupted
when relative water content decreases in
leaves under water deficit conditions (Molnar
et al., 2004; Dulai et al., 2006) and a positive
correlation between grain yield and leaf
relative water content has been observed
(Schonfeld et al., 1988; Tahara et al., 1990;
Merah 2001).I1f water retention capacity of
wheat genotypes is increased, the vyield of
rainfed wheat could be increased or at least
stabilized. The selection of leaf relative water

content traits for breeding under drought stress

conditions has therefore been
emphasised(Schonfeld et al., 1988).For
measuring  drought tolerance, various
scientists  considered  maintenance  of

membrane integrity and its role under water
stress (Premachandra et al., 1990; Deshmukh
et al, 1991). Growth is one of the
physiological processes which is sensitive to
drought and can be affected by reduction in
turgor pressure. Because of low turgor
pressure, water stress quenches cellexpansion
and growth. However, when turgor pressure
isbigger than the cell wall vyield, cell
expansion can occur (Karthikeyan et al., 2007;
Jaleel et al., 2007). Osmotic adjustment is a
remarkable part of plants’ physiology by
which they respond to water deficits (Erdei et
al.,, 2002; Munns, 2002; Maathuis et al.,
2003).The objective in many breeding
programs is to develop cultivars tolerant to
drought stress but success has been limited.
Genetic improvement of stress tolerance in
crop plants requires identification of relevant
physiological stress tolerance mechanisms as
selection criteria (Morgan, 1977) and testing
to verify the value of such criteria for
improvement of stress tolerance. Osmotic
adjustment (OA) is generally considered an
important component of drought
resistance (Ludlow and Muchow, 1990).
Osmotic adjustment (OA) strongly depends on
the rate of plant water stress. OA requires
time, and fast reduction in plant water status
does not allow time for adjustment. This is
very significant when genotypes are compared
for their OA capacity. However, the
importance of the time and the rate of stress
for the development of OA imply that OA
may not be a very effective mechanism of
drought resistance under conditions where the
development of drought is by nature very
rapid, such on very light tropical or sandy
soils of wvery low water holding
capacity (Blum, 1996). It was recently shown
that a population issued from an inland desert
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area displayed a higher ability for OA in
drought conditions than a population
originating from a salt-affected coastal site
(Mart"Inez, et al., 2003). These contrasting
populations provide interesting material with
which to (i) quantify the relative contribution
of various osmolytes to OA and (ii) to
determine the importance of OA in the
adaptative response of Atriplexhalimus to
water stress. Leaf relative water content
(RWC) was a better indicator of water status
than was water potential (M Sinclair and
Ludlow, 1985).Martinet al., (2009) stated that
RWC of bean leaves under drought stress
significantly was lesser than control.
Lazacano-Ferrat and Lovat, (1999)subjected
bean plant to drought stress and after 10, 14
and 18 days after irrigation was with holded,
they evaluated RWC of stem and found RWC
was significantly lower comparing with
control plants. Gaballah et al., 2007applied
antitranspirant maters on two Sesame cultivars
named Gize 32 and Shanavil 3 and observed
that this matters by preventing water
transpiration from leaves, led to increase in
RWC in these cultivars. Specific leaf area
(SLA), an indicator of leaf thickness, has often
been observed to be reduced under drought
conditions (Marcelis et al., 1998).The opening
and closure of stomata, decreased
photosynthetic  activity,  production  of
metabolites, integrity of cell wall, production
of metabolites, reduced CO, concentration
signal, turgor loss are the physiological
parameters that defines the performance of the
wheat in  such  drastic  conditions.
Gloucousness is another feature that conserves
water content under water deficit by reducing
transpiration (Farooget al.,
2009).Transpiration contributes to 90% of
water loss through its stomatal openings.
Maintaining better stomatal control over
transpiration is critical for combating
photosynthesis inhibition under drought stress
(Bota et al.,, 2004). Significant genetic
variation for stomatal size and density has

been reported in wheat (Baloch et al.,2013)
carbon assimilation and internal plant water
status totally rely on stomatal openings and
closing. Stomatal pores helps to control both
transpiration rate and uptake of CO, thus have
a major role in photosynthetic activity.
Maintenance of membrane integrity plays
important role to withstand dry spells. Well
photosynthesis is known as the main driver of
plant growth and grain yield. The role of
photosynthesis in physiological responses in
plant response is difficult to understand.
Disparity in photosynthetic pigments tells us
about the magnitude of photosynthesis in plant
under water stress conditions. Drought
decreases the photosynthesis rate of a plant.

Researchers had found that there is a
relationship  between the  physiological
responses of crops and resistance functions
such as potential water and high amount of
relative water. Maintenance vital component
that assist the photosynthesis rate is CO2.
Metabolic  distortions of photosynthetic
activity could be due to an uneven utilization
of light that is consumed by the plant,
decreased activity of Rubisco, loss of
chloroplast membrane, degeneration of
photosynthesis apparatus and chloroplast
structure. Closure of stomata during water
stress conditions limits the loss of water. Plant
hormones plays important role in plants to
accustomed the plants to varying drought
conditions. Abscise acid (ABA) is considered
to the main hormones to helps the plants to
tolerate such conditions through mechanisms
like deep root penetration, stomata regulation
(opening and closing) and initiation of ABA-
dependent pathway. Other phytohormones like
jasmonic acid (JA), salicylic acid (SA)
ethylene (ET), auxins (IAA), gibberellins
(GAs), cytokinins (CKs), and brassinosteroids
(BRs) to help the plants to withstand water
stress conditions. Transgenic approaches are
mostly preferred for the production of genes
which  helps in the synthesis of
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phytohormones.
Biological Parameters

Rauf, et al., 2007 stated that water stress
conditions leads to reduced photosynthetic
potential by decreasing photosynthesis rate per
unit area and leaf area both while Landjeva, et
al., 2008 suggested that Photosynthetic rate is
chiefly reduced through stomatal movement or
metabolic impairment. Depending upon the
stress intensity, seedling stage drought may be
more detrimental to yield in comparison to
stress at later growth stages (Maccaferri, et
al.,2011).A reduction in efficiency of
photochemical, reduced Rubisco efficiency,
gathering of stress metabolites (glutathione
and polyamines), antioxidative enzymes
(superoxide dismutase (SOD), peroxidase
(POD), catalase (CAT), ascorbate peroxidase
(APX)) and reduced ROS accumulation are
biochemical responses of plants to water
stress. Changes in activity of these enzymes
are crucial for the resistance of various plants
to drought stress (Rensburg and Kruger,
1994). Evidences suggest that drought causes
oxidation damage from increased production
of ROS with deficit defense system of
antioxidant in plants (Seki et al., 2002; Chen
and Gallie, 2004; Chinnusamy et al., 2004). In
wheat, various studies exhibited that wheat
genotypes with higher osmotic regulators and
lower malondialdehyde (MDA) content have
better tolerance to drought (Tang, 1983;
Chandler and Bartels, 2003; Chen and Gallie,
2004; Apel and Hirt, 2004; Dhanda et al.,
2004). Polyamines (PAs) have a role in the
completeness of membranes and nucleic acid
under water stress environments (Szegletes et
al., 2000). Malabika and Wu (2001)
mentioned that higher levels of polyamines
can make crops have higher growth under
water stress conditions (An and Wang, 1997,
Bouchereau et al., 1999). CAT is one of the
most rapidly reversible proteins in leaf cells
especially in stress conditions and its activity
is reduced in drought condition (Hertwig et

al., 1992).Proline is among key biochemicals
that accumulate in significant proportions in
plants that are exposed to various kinds of
stress, including dehydration (Hong-Boa et al.,
2006; Khamssi, 2014).Proline, which is an a-
amino acid, has been associated with several
osmoprotection roles, including; osmotic
adjustment (Marek et al., 2009; Zadehbagheri
et al., 2014), membrane stabilization (Hayat et
al., 2012), and gene signaling to activate anti-
oxidizing enzymes that scavenge reactive
oxygen species (ROS) (de Carvalho et al.,
2013). Saeedipour (2013) reported that proline
content accumlated faster and in higher
proportions in drought tolerant genotypes than
sensitive counterparts under drought-stress
conditions suggesting its value in breeding for
drought tolerance. Proline content has been
reported to be controlled by genes with
additive  effects by Maleki et al.,
(2010).Limited  water supply decreases
chlorophyll formation (Begum and Paul,
1993), chlorophyll content (Beltrano and
Ronco, 2008; Nikolaeva et al., 2010), plant
growth and vyield by accelerating leaf
senescence (Sionit et al., 1980; Ashraf et al.,
1994). Variation in chlorophyll concentration
among genotypes is controlled mainly by
genes acting additively (Hervé et al., 2001;
Juenger et al., 2005).

Morphological Parameters

Special attention to the morphological traits is
paid during moisture stress like leaf (shape,
expansion, area, size, senescence, pubescence,
waxiness, and cuticle tolerance) and root (dry
weight, density, and length).It has been found
that drought can affect both vegetative and
reproductive stages of the plant crop.

During the screening for drought tolerance at
seedling stage, reports are available on the
correlation between drought tolerance at
seedling stage and reproductive stage in
wheat. The traits have used for screening of
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germplasm for drought tolerance are seedling
survival, dry weight, root shoot ratio and root
length, relative water content and seed reserve
mobilization. Wheat has paid special attention
due to its morphological traits during drought
stress including leaf (shape, expansion, area,
size, senescence, pubescence, waxiness, and
cuticle tolerance) and root (dry weight,
density, and length). Rizzaet al., (2004)
observed that early maturity, small plant size,
and reduced leaf area can be related to drought
tolerance. Lonbani and Arzani (2011) claimed
that the length and area of flag leaf in wheat
increased while the width of the flag leaf did
not significantly change under drought stress.
According to the study of Rucker et al.,
(1995), drought can reduce leaf area which
can consequently lessen photosynthesis. Root
IS an important organ as it has the capability to
move in order to find water (Hawes et al.,
2000). It is the first organ to be induced by
drought stress (Shimazaki et al., 2005). In
drought stress condition, roots continue to
grow to find water, but the airy organs are
limited to develop. This different growth
response of shoots and roots to drought is an
adaptation to arid conditions (Sharp and
Davis, 1989; Spollen et al., 1993). To
facilitate water absorption, root-to-shoot ratio
rises under drought conditions (Morgan, 1984;
Nicholas, 1998) which are linked to the ABA
content of roots and shoots (Rane and
Maheshwari, 2001). The growth rate of wheat
roots was diminished under moderate and high
drought conditions (Noctor and Foyer, 1998).
Plant biomass is a crucial parameter which
was decreased under drought stress in spring
wheat (Wang et al., 2005). The epicuticular
waxes covering the aerial parts of plants play
an important role in the control of water flow
across the cuticle (Eigenbrode and Espelie,
1995). They help leaves retain water (Jordan
et al.,1984) by minimizing cuticular
transpiration (Premachandra et al.,1992b;
Jefferson, 1994). Theyalso shield plants from
high radiation and UV light damage by

providing the leaves with greater reflectance
(Grant et al., 1995). Its role in reducing
cuticular transpiration and improving drought
resistance is evident in sorghum and wheat
(Blum, 1988b) and genotypes with low
cuticular transpiration rates usually have a
functional advantage during water deficit due
to more efficient water use (Paje et al., 1988).
Therefore it is very necessary to understand
the response of the plant at various stages
during water stress conditions the basic
concept is thereby than help us to engineer
crops with water stress resistance and make us
more progressive in terms of breeding.
Scientists have observed that characters early
maturity, relatively small plant size, and
reduced leaf area can be related to drought
tolerance. Scientist has claimed that the
significant area of the flag leaf in wheat is
increased while there is no significant effect of
water stress on the width of flag leaf in wheat.
During the water stress condition the leaf
extensions also become limited in order to
maintain the balance between the water
absorbed by the roots and the water status of
the plant tissues. According to the study of
Rucker, drought can reduce leaf area which
can consequently lessen photosynthesis. The
leaf size number of leaves per plant, and
longevity of the leaf is shrunk due to water
stress.It has been found that during leaf
development in wheat is more susceptible to
water stress condition. In water stress
conditions roots of a plant continue to grow,
but the development of the airy organs
becomes restricted.

Under moderate or high drought conditions
the growth rate of roots starts getting
diminished. The yield of wheat crop under
drought conditions starts decreasing until the
water use efficiency is enhanced.

Molecular Responses

Recent developments in molecular genetics
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have strengthened the breeders with powerful
tools to identify and select complex traits.
Association between markers and traits reduce
the influence of environment which is a major
hindrance in conventional selection of
complex quantitative traits (Tuberosa and
Salvi, 2006).Wheat exhibits low level of
polymorphism compared to other cereals, and
polymorphism also varies amongst the
genomes, with the D-genome being the least
polymorphic (Akhunov et al., 2010). The low
polymorphism has in turn slowed genetic
mapping studies in wheat compared to other
cereals as the level of polymorphism affects
marker density (Fleury et al., 2012). The
complexity of the wheat genome further
complicates genetic mapping, analysis,
genome sequencing and gene discovery
(Edwards et al., 2012). Both dominant and co-
dominant markers have been extensively used
in genetic mapping in bread wheat (Chalmers
et al., 2001; Crossa et al., 2007; Sherman et
al., 2010; Uphaus et al., 2007). Numerous
molecular markers designed based on known
sequence polymorphisms in specific genes for
which the functions have been studied are
routinely used in genotyping of wheat
mapping populations (Liu et al., 2012). Many
investigators concluded that SSR molecular
markers are significantly associated with
wheat traits related to salinity tolerance
(Munir et al., 2013) and drought tolerance
(lvandi¢ et al., 2002, Liviero et al., 2002,
Quarrie et al., 2003, Ciuca and Petcu 2009,
Abd El-Hadi, 2012 and Suhas et
al.,2012).Marker aided selection significantly
increases the efficiency of selection by
including approaches like marker assisted
backcross breeding (MABB), and marker
assisted recurrent selection (MARS). Some
genes are known to produce drought stress
proteins and enzymes dehydrins,vacuolar acid
invertase, glutathione S-transferase and late
embryo abundant (LEA) protein ; expression
of ABA genes and production of some
proteins like RAB, proline, rubisco, helicase,

and carbohydrates, these are known to be the
molecular basis of drought. During drought
conditions plants respond to water stressed
environment by altering their gene expressions
and protein production. Sivamani et al.,
indicated that HVA1 gene assists to increase
wheat growth under drought stress. HVAL
gene is known for the production of protein
which is in group 3 LEA and has 11 amino
acid motifs in nine repeats. Proline is also
known as antidrought protein in wheat under
drought. Proline can be created from
pyrroline-5-carboxylate synthetase or P5CR,
and the gene which is responsible for this
enzyme has been found in some crops, like
petunia, soybean, and tobacco.

Breeding Approches

Breeding can be done through various
methods which are classified as conventional
and biotechonological approaches.
Conventional breeding methods involves the
detections of genetic variability among
different genotypes, or sexually compatible
cultivars, followed by the introduction of
tolerance traits. In conventional breeding
method. Conventional breeding is referred as a
long process which totally relies on the
availability of required genes. This process
requires proper attention as it is very difficult
to identify and separate desirable and
undesirable traits. For example, some crops
are backcrossed again and again to identify
non desirable characters/traits. Conventional
methods are therefore not economically
fruitful.

Whereas in comparison to conventional
methods, biotechnological approaches are not
laborious as does conventional and take less
time for the development of new variety with
desirable traits. Biotechnological approaches
took breeding to a whole new level. In genetic
engineering the sequence or the genes are
altered in such a tremendous manner to have a
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suitable output.

Researches in plant breeding are essential to
produce new varieties of wheat with high
degree of water stress tolerance in wheat. In
case of genetic engineering improvements are
done by identifying the genetic dominants and
transferring them to the plants so that they can
act against water stress. It is very difficult to
manage the drought tolerance in traditional
breeding. Drought effects vast number of
genes and their functions. Elite genotypes are
selected to not only overcome the water stress
problem but as well as high vyield.
Identification of the genes controlling
physiological changes that helps the plant to
tolerate the water stress conditions is
necessary to have rapid genetic improvement
in a plant. Lots of drought resistant genes were
detected and cloned. The very initial step for
genetic improvement is to select the
germplasm holding the potential to withstand
water stress conditions. After the selection of
the potential genotypes, breeding program me
begins by crossing the potential genotypes as
donor parent. The genetic alternation for water
stress tolerance are attained by recognizing the
potential genotypes controlling drought using
GWAS or QTL mapping. Moreover, other
editing’s and alternations in the genomic
sequences are carried out to improve the
drought tolerance in wheat. Fusion of
information from three vital area i.e., genetics,
physiology and breeding assist to find out
more number of genotypes that carry the
potential to withstand water stress conditions.
Genetic engineering and molecular markers
made the production and generation of
improved drought resistant genes very easy
and reliable.

Transgenic crops are modified in such a way
that they will undergo and perform their level
best even under water stress conditions.
Agrobacterium and gene gun techniques are
used for transferring transgenes related to

water stress conditions into the crop.
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