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ABSTRACT 
Productivity of sunflower is strongly regulated by the availability of water and greatest yield 
losses occur when water shortage occurs at flowering. Therefore, it is critical to manage the 
deleterious effect of drought stress at this stage. Evolving crop genotypes which have 
enhanced drought tolerance are the most successful and cheapest strategy to cope with 
drought. However, progress in drought tolerance breeding is slow due to inappropriate 
selection criteria and faulty breeding strategies. Therefore, utility of potential physiological 
and morphological traits in drought stress breeding are discussed and progress in sunflower 
drought tolerance breeding at the molecular level is reviewed. 
Key Words: tolerance; genetic variability; osmotic adjustment; molecular marker. 

INTRODUCTION 
Stress may be defined as any factor that causes reduction of yield when it is present or 

absent (Tollenaar and Wu, 1999). Similarly, drought can be imposed when a plant is unable 
to meet its evapo-tranpirational demands. It may also be defined as “the inadequacy of water 
availability (including precipitation and soil moisture storage capacity) in quantity and 
distribution during the life cycle of a crop, thus restricting the expression of its full genetic 
yield potential (Sinha, 1996)”.  

There are different types of drought; a drought may be meteorological when 
precipitation is significantly below expectation for the time of year and location. An 
agricultural drought is said to exist when water from all sources is sufficiently low enough to 
cause serious shortfalls in crop yield. A physiological drought occurs when water is present 
in the soil, but the plant cannot withdraw it due to lower osmotic potential of the soil caused 
by salts. Sometimes a plant shows temporary wilting of leaves due to a lower rate of water 
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absorption by roots compared to the rate of water loss in the form of transpiration due to 
strong winds or high temperature. In addition, a plant can also experience permanent 
wilting by a micro-organism clogging vascular tissues.  

Drought is a multidimensional stress affecting plants at various levels of their 
organization (Yordanov et al., 2000). Drought environments are characterized by wide 
fluctuations in precipitation, quantity of precipitation, and its distribution within and across 
seasons (Swindale and Bidinger, 1981). The effect of stress is usually manifested as a decrease 
in photosynthesis and growth (Yordanov et al., 2000). It is believed that drought is the largest 
single factor for reduction of yield globally (Fischer and Turner, 1978; Boyer, 1982). 

DROUGHT: AN INTERNATIONAL DILEMMA IN SUNFLOWERS 
It has been found that a world wide reduction in sunflower yield has been associated 

with drought (Dragovic and Maksimovic, 1995). According to a report, oilseed production in 
2005 was down 2 percent from 2004 due to drier than normal weather. In, Spain sunflower 
crops suffered substantially from the effects of drought with a 41 percent decrease in 
production (USDA, Agriculture Weather Facility). In Pakistan, a crippling drought for a 
period of three years from 2000-2002 resulted in a major reduction in sunflower area and 
production (Rauf and Sadaqat, 2007a). Similarly, Bosnjak (2004) analyzed water availability 
over a period of 39 years and found drought to be a predominant feature in summer, the 
results of which  up to 50% yield losses in sunflower that could have been obtained in 
irrigated conditions. He also predicted that severe droughts may be expected in the future 
with global climatic changes. 

EFFECTS OF DROUGHT STRESS 
Sunflower is categorized as a low to medium drought sensitive crop. It has been found 

that both quantity and distribution of water has a significant impact on achene and oil yield 
in sunflower (Fereres et al., 1986; Andrich et al., 1996; Krizmanic et al., 2003; Reddy et al., 
2003; Iqbal et al., 2005;). However, oil quality of sunflower has not been significantly affected 
by drought treatment (Petcu et al., 2001). Intensity of yield reduction by drought stress 
depends on the growth stage of crop, the severity of the drought and tolerance of genotype 
(Lorens et al., 1987). Although drought stress affects every developmental stage of 
sunflower, maximum reduction in yield was experienced when drought occurred during the 
reproductive stage (Karaata, 1991; Reddy et al., 1998; Reddy et al., 2003; Vijay, 2004). Karaata 
(1991) conducted experiments to identify highly drought sensitive growth stages of 
sunflower, and it was found that maximum reduction in yield occurred when drought was 
imposed during flowering. Similarly, Vijay (2004) studied the response of achene yield to 
irrigation at four stages: initial at 15-20 days after seeding (DAS), capitulum initiation (30-35 
DAS), flowering (50-60 DAS), and grain development (70-80 DAS). It was shown that 
maximum achene yield was obtained with irrigation at the flowering stage.  

Drought during the vegetative phase of the plants affects both final biological and 
economic yields. During vegetative development, it reduces the main stem height, stem 
diameter, number of nodes or leaves and leaf area (Agele, 2003; Turhan and Baser, 2004) 
while an increase in root length occurs at the expense of above-ground dry matter. This has 
been observed by a higher root-to-shoot ratio obtained under drought stress (Sobrado and 
Turner, 1986). The reduction in vegetative biomass results in lower plant surface area which 
reduces the radiation use efficiency and photosynthetic activities (Stockle and Kiniry, 1990; 
Badr et al., 2004; Germ et al., 2005). This finally lowers assimilation of photosynthates during 
the reproductive phase which reduces head diameter. Reduction in head diameter further 
decreases the number of rows per head and number of achenes per head and results in 
correlation of yield components to severity of drought (Fereres et al., 1986; Gimenez and 
Fereres, 1986; Alza and Fernandez-Martinez, 1997; Rauf and Sadaqat, 2007a). On the other 
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hand, stress during the flowering stage causes abortion of ovaries, embryo, sterility of pollen 
and decreases in leaf area index. This reduces the number of achenes per head, 100-achene 
weight and fertile achenes per head (Baldini and Vannozzi, 1999; Reddy et al., 2003). It has 
been estimated that stress during the vegetative phase causes 15-25% yield reduction, 
whereas more than 50% reduction can occur if stress coincides with the flowering stage 
(Reddy et al., 2003). However, minimal damage has been found to occur if drought was 
imposed during the achene filling stage (Karam et al., 2007). At this stage, the plant responds 
to the stress by early, abrupt leaf senescence (Rauf and Sadaqat, 2007b) and mobilization of 
stem reserves to the developing achenes (Baldini and Vannozzi, 1999; Rauf and Sadaqat, 
2007b). However, a reduction of 100-achene weight may occur due to lower photosynthate 
production as a result of excessive loss of leaves at this stage. 

At the cellular level drought stress causes shrinkage of cells, cell membrane injury, and 
production of free radicals that cause damage to the cellular apparatus (Terbea et al., 1995; 
Sgherri et al., 1996; Kang and Zhang, 1997). 

BREEDING FOR DROUGHT TOLERANCE 
Drought can be managed to minimize its deleterious effects. Agronomically, the best 

approach for the management of drought stress is to irrigate the field. Other drought 
management techniques include the use of mulches to reduce evaporation losses, better 
weed control, crop rotations, improved cultivation methods to enhance infiltration rate, 
foliar sprays, efficient irrigation practices (e.g. drip, sprinkler) (Rachidi et al., 1993; Gajri et 
al., 1997; Unger and Howell, 1999). A basic philosophy for all these management practices is 
to relieve the deleterious effects of drought and to use the water efficiently. It has been found 
that all these agronomic practices can improve yield up to 15-25% under drought stress by 
improving water supplies (Edmeades & Bänziger, 1997). However, above mentioned 
agronomic practices increase costs and are dependent on input availability, infrastructure, 
access to market and skills in crop and soil management (Campos et al., 2004). As a result, 
such management practices cannot be exploited by the farmer with small holdings or who 
cannot afford these inputs.  

Drought can also be managed by modifying the plant morphology or incorporating 
some traits that help the plants to cope with drought stress successfully (Yordanov et al., 
2000). Thus, genetic modification is usually the most successful and cheapest strategy to cope 
with drought. Since modifications within plant morphology and physiology introduced 
through breeding are heritable, once introduced into a breeding material it will be a 
permanent source of drought tolerance. Heritable changes within a crop with the aim of 
improving drought tolerance can be broadly considered as breeding for improved drought 
tolerance. 

There are numerous strategies utilized in breeding for drought stress in a crop species 
such as induction of earliness for drought escape, modification of certain plant traits that 
leads toward drought resistance and introduction of drought tolerant traits associated with 
high yield. Strategy for breeding drought stress depends upon the intensity, frequency and 
timing of drought occurrence. Under typical Pakistani conditions rainfall is too low and 
agriculture is dependent on supplemental irrigations. To compound the problem, irrigation 
water availability has now become highly unpredictable due to a recent shortage of water. 
Since water availability is highly unpredictable and the sunflower flowering period is highly 
sensitive to drought, tolerance to drought at flowering must be developed to minimize the 
damaging effect of drought. A strategy to produce a high yielding genotype combined with 
traits leading toward drought tolerance during anthesis is desirable provided that traits 
conferring drought tolerance also show strong positive correlation with achene yield. A trait 
leading toward drought tolerance should be considered ideal if it shows strong positive 
correlation with achene yield (in case of sunflower), moderate to high heritability, cheaply 
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and easily measured, and hopefully determined before flowering so that undesirable plants 
may be rogued before crossing. 

SUNFLOWER DROUGHT TOLERANCE BREEDING IN PAKISTAN 
Breeding drought tolerance is a major objective for boosting sunflower yield worldwide 

and particularly in Pakistan. However, very few reports are available regarding the success 
of breeding sunflower against this stress. Most of the efforts have been intensified to cope 
with the drought through agronomic practices. The main focus of the research has been to 
ameliorate the effect of drought through soil conditioning, seed priming, exogenous foliar 
spray of certain osmo-protectants and deficit irrigation practice. These treatments have been 
shown to improve the performance of sunflower genotypes under drought stress conditions 
(Meo et al., 1999; Iqbal et al., 2005; Khaliq, 2004).  

Apart from these studies, few studies have shown response of sunflower to the water 
stress. Qadir (2006) obtained maximum germination at 20-25°C at 0 bar in all the hybrids. 
Germination tended to decrease with increase in osmotic stress. Khaliq (2004) reports the 
response of sunflower hybrids to deficit irrigation practice and obtained near-maximum 
yield when sunflower was irrigated during the reproductive phase.  

From a breeding point of view, efforts were restricted to the screening of breeding 
material and hybrids or formulation of selection criteria under the drought stress. Local and 
introduced genetic materials were evaluated for yield, yield components and physiological 
traits under drought conditions to discriminate between tolerant and sensitive lines (Tahir et 
al., 2002; Rauf and Sadaqat, 2007a; Rauf and Sadaqat, 2008a; Rauf et al., 2008a). Apart from 
the field or pot screening experiment, in vitro screening and selection for drought tolerant 
callus has also been carried out by plating the cell suspension on agar-solidified medium 
containing PEG (Hassan et al., 2004). It was reported that selected plants grew better than the 
non-selected lines under various levels of water deficit induced by PEG due to higher 
amounts of K+, Na+ and N, but lower amounts of Ca++ and P than the non-selected lines. 

GENETIC VARIABILITY: AN ESSENCE FOR DROUGHT TOLERANCE BREEDING 
CULTIVATED GERMPLASM 

Most cultivated hybrids or open pollinated varieties evolved under near optimum 
agronomic conditions and often have some common parentage and history of origin. 
Therefore, breeding for drought tolerance must expand genetic variability. This depends on 
the incorporation of diverse germplasm so that potential sources of drought tolerance may 
be identified and subsequently incorporated to ensure yield when drought occurs.  

The first approach for the development of a drought tolerant line is to screen high 
yielding germplasm accompanied by superior yield contributing traits. It is likely that this 
germplasm may also contain extensive variation for stress tolerant traits (Vasal et al., 1997). 
Over the years, experience of handling plant material for drought tolerance at different 
research institutes (CIMMYT and ICARDA) indicates that improvement in drought tolerance 
can be made by screening both local and introduced germplasm belonging to various origins 
(Beck et al., 1990; Edmeades and Bänziger, 1997). However, the usefulness of introduced 
material depends on the performance under local conditions. Therefore, it is important to 
make selection of introduced material under local conditions, and a decision should be made 
accordingly: either it should be used as the source populations per se or to cross them with 
locally adapted materials or both (Beck et al., 1990).  

Results showed significant variation existed between the sunflower genotypes for yield 
under drought stress. Fereres et al. (1986) conducted field experiments at Cordoba, Spain to 
evaluate the yield responses to drought of 53 sunflower genotypes and found substantial 
variability among genotypes both in dryland yield and under frequent irrigation. Similarly, 
water stress revealed a high genetic variability among traits related to water status, osmotic 
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adjustment, root characteristics, gas exchange parameters, seedling traits and drought 
susceptibility index when a large number of sunflower genotypes belonging to diverse 
origins were evaluated (Seiler, 1994; Chimenti et al., 2002; Lambrides et al., 2004; Turhan and 
Baser, 2004; Kiani et al., 2007a; Rauf and Sadaqat, 2007a; Rauf and Sadaqat, 2008a). 

WILD RELATIVES 
Wild species are a potentially important source of abiotic tolerance; therefore, it may be 

desirable to introgress drought tolerant genes from wild relatives. The genus Helianthus is 
comprised of 51 species and 19 subspecies with 14 annual and 37 perennial species (Seiler, 
2007). According to Korrell et al. (1997), wild sunflower contains considerable variability for 
disease, insect pest resistance, and tolerance of abiotic stresses like drought and salinity. 
Similarly, fatty acid composition and protein quality can also be modified by introgression 
from wild species.  

For drought tolerance breeding, specie Helianthus argophyllus has been extensively 
used by the sunflower breeders (Baldini and Vannozzi, 1998; Baldini et al., 1999; Griveau et 
al., 1998). In comparison with cultivated sunflower inbred lines and inbred lines obtained by 
a divergent selection for physiological traits from Helianthus argophyllus, it was found that 
lines obtained from Helianthus argophyllus had the highest water use efficiency, the best 
drought susceptibility index (S), and high harvest index (HI) value under drought conditions 
(Serieys, 1997; Baldini and Vannozzi, 1998; Baldini et al., 1999). However, a large genetic 
distance between the cultivated and wild sunflowers has decreased the introgression of the 
drought tolerant gene from wild relatives (Mohan and Seetharam, 2005). In addition, 
introgression from most of the wild species has also been found to be associated with the 
deterioration of oil yield in cultivated sunflower (Seiler, 2007). 

STRATEGIES FOR THE GENETIC IMPROVEMENT OF DROUGHT TOLERANCE 
IMPOSING DROUGHT STRESS 

Since a field experiment assures optimum vigor, growth and reproduction of genetic 
material, for evaluations drought stress has been imposed in the field during the 
reproductive phase which has been considered as the best strategy for improvement of 
genetic material against this stress (Baldini et al., 1999; Rauf and Sadaqat, 2007a; Rauf and 
Sadaqat, 2008a). However, performance in the field under drought stress should be 
considered a cumulative effect of some other biotic and abiotic stresses. In sunflower, 
drought stress results in higher intensity of fungal diseases, inter genotype competition, bird 
attack, injuries due to heat stress, and reduced soil thermal conductivity when compared 
with irrigated conditions (Alexandrov and Koteva, 2001; Rauf et al. 2008b). A controlled 
experiment on the other hand provides better control over these variables, but does not 
indicate optimum growth, vigor and reproduction. In pot experiments soil masses are too 
low, while in hydroponic conditions growth is restricted due to toxicity caused by 
differential genotypic absorption of polyethylene glycol (Blum, 1979). Therefore, ideal 
experiments should be designed to optimize the results both in field and controlled 
conditions. 

YIELD AS A SELECTION CRITERION 
There are two thoughts regarding the selection for high yielding genotypes. According 

to one group, selection for high yield should be practiced under non stress conditions, where 
genotypes may show their full genetic potential and environmental effects are minimal. A 
genotype with alleles responsible for high yield under non stress conditions may also show 
promise under stress conditions due to its high residual yield (Blum, 1979). However, 
another group is of the opinion that selection for a high yielding genotype should be carried 
out under the target environment. The presence of significant genotype x environment (G x 
E) interaction in most studies shows the desirability of the second approach. A significant G 
x E means changes occur in relative performance of genotypes across environments. As a 
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result, a genotype showing promise in one environment may not be exceptional in another 
environment. However, improvement by direct selection of yield under the target 
environment has been slow due to low narrow sense heritability of trait under stress. Since 
yield is a resultant trait that is maximized by cumulative effects of a large number of yield 
contributing traits. The contribution of these traits to the yield is expected to be different 
under variable environments. Based on this fact, better improvement of the yield may occur 
if selection is based on a yield contributing trait that shows highest association with yield in 
a specific environment.  

For drought tolerance breeding, emphasis should be on traits that confer drought 
tolerance in the plant and also show positive association with yield. Over the past decades, 
plant breeders have focused on some traits that were incorporated to plant survival under 
stress conditions such as lower leaf canopy and reduced transpiration (Fischer and Wood, 
1979; Karamanos and Papatheohari, 1999). Often, traits were not necessarily positively 
associated with high yield. As a result breeders continue to develop cultivars which yield 
poorly under stress conditions. Therefore, analysis of plant traits with significant effects on 
drought tolerance and high yield potential under stress conditions seems to be necessary 
(Richards, 2004).  

APPROPRIATE TRAITS FOR DROUGHT TOLERANCE BREEDING 
SEEDLING TRAITS 

Selection of suitable genotypes on the basis of seedling traits has been considered a 
reliable technique for evaluating a large number of genotypes for drought tolerance (Tomar 
and Kumar 2004; Basal et al., 2005; Longenberger et al., 2006). 

The effects of stress, environment and genotype on seedling traits have been identified 
and well documented. Pace et al. (1999) reported that drought-stressed seedlings showed 
some increase in root length but a reduced diameter. Prior et al. (1995) showed that 
inadequate soil moisture reduced root elongation, while Plaut et al. (1996) found that soil 
moisture deficit reduced root length and density. A number of different seedling traits have 
been suggested as important relative to drought tolerance. These include lateral and tap root 
weight, lateral root number and root-to-shoot ratios (Cook 1985; Pace et al., 1999). Singh et al. 
(1999) adopted a simple method of screening germplasm lines by seedling survivability, 
which accurately discriminated between drought tolerance and susceptibility under artificial 
moisture stress conditions. Rauf et al. (2008a) conducted experiments under two moisture 
regimes to study their modifying effects on phenotypic expression and combining ability of 
seedling traits and their genotypic correlation with achene yield. The moisture stress regime 
was favorable for the expression of additive genetic variability. All seedling traits except 
shoot length showed a significant correlation with achene yield, which also signified their 
importance for improving achene yield under drought regimes. From a breeding point of 
view, it was shown that seedling recovery % and root weight were useful traits for 
evaluating sunflower genotypes for drought tolerance. 

HARVEST INDEX 
A higher harvest index was shown as a better translocation of photosynthates to the 

reproductive part under drought stress (Rauf and Sadaqat, 2008b). The suppressing effect of 
drought stress on the harvest index has been reported previously in sunflower, and only 
drought tolerant genotypes showed stability or increase in the value of this trait, indicating 
harvest index as a useful trait in discriminating between drought sensitive or tolerant lines 
(Baldini and Vannozzi, 1998; Fereres, 1986). The harvest index has also shown a significant 
positive relationship with achene yield under drought stress, signifying the importance of 
this trait for improving achene yield under stress conditions (Reddy et al., 1995; Baldini et al., 
1999). Moreover, significant genetic variability and high narrow sense heritability for harvest 
index has been reported in sunflower (Alza and Fernandez-Martinez, 1997; Baldini and 
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Vannozzi, 1998; Reddy et al., 2003; Rauf and Sadaqat, 2008b). However, narrow sense 
heritability was found to be higher than achene yield within a drought stress environment 
but found to be lower than achene yield when calculated combined across environments 
showing specificity of this trait under drought stress (Alza and Fernandez-Martinez, 1997). 
Rauf and Sadaqat (2008b) compared high and low osmotic adjustment genotypes and found 
superiority of high osmotic adjustment genotypes due to higher harvest index.  

DROUGHT SUSCEPTIBILITY INDEX 
Drought susceptibility index (DSI) is calculated on the basis of a ratio obtained from 

yield under drought stress condition to the yield under non stress condition (Fischer and 
Maurer, 1978). It has been calculated to determine the difference of yield potential under 
irrigated conditions and yield under drought for each genotype (Vannozi et al., 1999). A 
higher value of susceptibility index indicates higher susceptibility of a genotype to the stress. 
Conversely, Andrich et al. (1996) calculated drought resistance index on the basis of a ratio 
between the weights of the kernels of the mean achenes grown in un-irrigated and irrigated 
conditions, with a value close to 1 indicating resistant cultivars and a reduced ratio 
indicating drought sensitivity. A significant negative relationship or genetic correlation has 
been observed between the drought susceptibility index and yield under drought stress 
conditions, indicating that the drought susceptibility index may prove a very useful selection 
criterion for drought-tolerance breeding in sunflower (Fereres et al., 1986; Baldini et al., 1992; 
Alza and Fernandez-Martinez, 1997; Rauf and Sdqat, 2007a). However, a significant 
correlation between the DSI and yield under non stress conditions was absent (Fereres et al., 
1986; Baldini et al., 1992; Rauf and Sadaqat, 2007a). This indicated that yield under irrigated 
conditions could not be considered a prediction of its yield under drought conditions, and 
that yield under irrigated conditions should not be used as a selection criterion to improve 
yield under drought (Baldini et al., 1992). Therefore, yield in low and high yielding 
environments can be considered as two separate traits that are not necessarily maximized by 
identical sets of alleles (Falconer, 1990). Consequently, plant breeding strategies should be 
different when targeting stress and non-stress environments (Ceccarelli et al., 1991; Ceccarelli 
et al., 1998). 

ROOT SYSTEM 
The root system of a plant is important when considering drought tolerance breeding, 

since certain root characteristics such as root length, root biomass, and lateral root density 
would determine the efficiency of water extraction from soil. A deeper root system would 
allow water extraction from lower soil profiles and, thus, it is expected that the plant will 
perform better under moisture stress when its growth is dependent on water stored deeper 
in soil. Sunflower has a deep and extensive root system that can extract water up to 270 cm 
(Gimenz and Fereres, 1986; Connor and Sadras, 1992; Rachidi et al., 1993). Its root growth 
depends upon several factors such as plant genotype, water availability, plant population 
and soils. Limited research literature is available on the intraspecific variations for the root 
system in sunflower (O'Toole and Bland, 1987), since determination of root characteristics in 
the field is very laborious and time consuming. Few reports have characterized heritable 
variation in sunflower for root length and any greater root length associated with longer 
growth duration (Fereres et al., 1986; Schneiter, 1992; Rauf and Sadqat, 2008b). Angadi and 
Entz (2002) compared root system characteristics and water extraction patterns of dwarf 
hybrids with hybrids of standard height. Most of the dwarf sunflower hybrids showed lower 
root length, root length density and root distribution, thus showing a positive correlation 
between plant height and root characteristics studied. Other studies showed effect of water 
availability on root characteristics. An increase in root length and root-to-shoot ratio in 
response to moisture stress along with the decrease in lateral root length as an adoptive 
measure for drought stress can be generalized from experiments conducted on sunflower 
(Petcu and Stanciu, 2001; Gomes et al., 2005; Rauf and Sadaqat, 2008b). Soil characteristics 
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such as compaction and depth also have significant impacts on root growth. A decrease in 
root area and biomass had been observed with the increase in soil depth and compaction 
under moisture stress conditions (Petcu and Petcu, 2006). Soil compaction limits root growth 
by directly posing physical injuries and indirectly by reducing water infiltration. Petcu and 
Petcu (2006) showed maximum root area and biomass of sunflower in soil depth of 0-10 cm 
along with a progressive decrease in the values of both these traits as the depth and 
compaction increased under water stress. 

LEAF HYDRAULICS 
Leaves can be considered as a sink for water absorbed by the plant; therefore, leaf water 

status may accurately define the demand and supply of water. Characteristics of leaves that 
define moisture content of leaves may also accurately discriminate between drought 
tolerance and susceptibility. These traits include relative water contents, leaf water potential, 
turgor pressure, osmotic potential and stomatal conductance. These physiological traits are 
collectively called ‘water relations’. In sunflower, genotypes selected for these elevated 
physiological traits under drought had greater vegetative growth, elevated water 
consumption and increased root-to-shoot ratio. They avoid drought stress by continued 
water uptake from deeper soil layers (Perniola, 1994; Baldini et al., 1997). Among the traits 
used for the evaluation of plant water-status, relative leaf water contents (RWC) gives best 
measure of the level of the water deficit in the plant at a specific time-point. As RWC is 
related to cell volume, it may closely reflect the balance between water supply to the leaf and 
transpiration rate (Sinclair and Ludlow, 1985). Significant variability and heritability has 
been reported in sunflower for this trait (Baldini et al., 1997). Other traits such as leaf turgor, 
water and osmotic potential are related to the osmotic adjustment (Perniola, 1994). Osmotic 
adjustment (OA) is a phenomenon in which plants accumulate a certain type of compatible 
solute under stress conditions to lower its potential. As a result of this lower potential, plant 
may regain its turgor and attract more water from the soil. Compatible solutes help in 
maintaining the cell turgor, protect against denaturing of important structural molecules and 
cell organelle, and their high concentration does not cause toxicity in the cell. There are many 
molecules which may be considered as candidates of compatible solutes such as K+, Ca++, 
proline, HSPs, and dehydrins. However, in sunflower large number of studies depicted that 
proline has been an important osmolyte under drought stress. It was shown that its content 
tended to increase in young leaves in response to drought stress (Terbea et al., 1995; Badr et 
al., 2004; Cechin et al., 2006).  

Significant genetic variability between genotypes has been observed in sunflower for OA 
(Chimenti and Hall, 1993; Chimenti and Hall, 1994; Angadi and Entz, 2002; Rauf and 
Sadaqat, 2008a). In sunflower, different studies have shown a significant relationship of OA 
with leaf turgor, RWC and root growth, which signified the importance of OA in 
maintaining leaf turgor and relative water contents through better root growth (Conroy et 
al., 1988; Rauf and Sadaqat, 2008a; Rauf and Sadaqat, 2008b). As a result, plants were able to 
maintain a photosynthetic rate and stomatal conductance at lower leaf water potentials 
(Maurey et al., 2000). The value of OA as a yield contributing trait has been established in 
sunflower. It is inferred from the studies that sunflower genotypes with higher OA extracted 
more water from the soil during the stress period due to greater root growth. They had 
greater shoot biomass and harvest index (HI) at physiological maturity and greater grain 
yield. There was no effect of OA on these variables in the irrigated controls (Chimenti et al., 
2002; Rauf and Sadaqat, 2008a; Rauf and Sadaqat, 2008b). 

MOLECULAR BREEDING FOR DROUGHT TOLERANCE IN SUNFLOWER 
The advent of emerging and novel technologies of plant cell and molecular biology 

provided us a powerful means to supplement and complement the traditional methods of 
plant improvement. Therefore, in the recent past much of the research has been devoted to 
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isolation and testing the expression of drought tolerant genes. Novel stress responsive genes 
were identified following subtractive hybridization of cDNA synthesized from RNA isolated 
from drought stress and unstressed plants. Identified genes related to drought tolerance such 
as SunTIP, HaDhn1, HaDhn2, Sdi (sunflower drought induced), Gdi15, Hahb-4 and HAS1 or 
HAS1.1 showed an abundance of their transcript levels under drought stress, and it was 
proposed that they play a role in the sunflower response to drought (Ouvrard et al., 1996; 
Cellier et al., 1998; Sarda et al., 1999; Gopalakrishna et al., 2001; Liu and Baired, 2003; Dezar 
et al., 2005; Herrera Rodriguez et al., 2007). Furthermore, they only showed expression in 
drought tolerant types when compared to drought sensitive genotypes (Roche et al., 2007). 
Expression of these genes was not confined to a single organ. However, gene sdis and Ha-
RPS28 showed highest expression in fully expanded leaves and they were linked to the 
production of certain ACC oxidase antioxidant or dehydrins while HAS1 and HAS1.1 
showed more expression in root when compared with leaves. A few genes were shown to 
effect the expression of other genes to induce drought tolerance. Manavella et al. (2006) 
found that plants over-expressing Hahb-4 were less sensitive to external ethylene and 
entered the senescence pathway later. Expression of this transcriptional factor has a major 
repressive effect on genes related to ethylene synthesis, such as ACO and SAM, and on genes 
related to ethylene signalling, such as ERF2 and ERF5.  

Drought stress triggers the production of abscisic acid. A part from its differential effect 
on biomass partitioning (Rauf and Sadaqat, 2007b) it also mediates the expression of certain 
drought tolerant genes such as HaDhn2, Sdis (sdi1, sdi5, sdi9, sdi6, sdi8), Ha-RPS28, and 
Hahb-4 (Ouvrard et al., 1996; Cellier, 1998). However, Giordani et al. (1999) indicated the 
existence of two regulation pathways of HaDhn1a transcripts accumulation, an ABA-
dependent and an ABA-independent one, which may have cumulative effects. Its expression 
was not uniform during day/night cycle and maximum HaDhn1 transcript accumulated 
during the mid day time (Cellier et al., 2000).  

Genes related to drought stress such as dehydrins (Dhn1) have also been used to study 
the phylogenetic and genetic variability between cultivated and wild sunflower for this gene. 
The expressed protein showed diversification of biochemical properties between annual and 
perennial Helianthus speceies. However, cultivated sunflower contained lower genetic 
variability for dehydrin genes than wild sunflower (Giordani et al., 2003; Natali et al., 2003). 
It was also concluded that the stress responsive gene (Dhn1) can also be used to study the 
phylogeny of Helianthus.  

The concept of DNA-based markers has revolutionized our ability to directly access any 
part of the plant genome, and has led to new opportunities such as screening a large number 
of segregating population for QTL’s related to the drought tolerance without actually 
exposing them to drought and independence of plant growth stage. In nature, the vast 
majority of physiological traits are quantitative trait loci (QTL). Quantitative traits show 
continuous phenotypic distributions affected by a large number of loci and show significant 
interaction with environment (Tanksley, 1993). However, in sunflower very few studies have 
been carried out to determine the development of a molecular marker for QTL’s related to 
drought tolerance (Jamaux et al., 1997; Hervé et al., 2001; kiani et al., 2007b). Hervé et al. 
(2001) used the AFLP linkage map for the identification of QTL related to net photosynthesis, 
stomatal movements and water status (transpiration and leaf water potential). Using an 
AFLP linkage map, 19 QTL were detected explaining 8.8–62.9% of the phenotypic variance 
for each trait. Among these, two major QTL for net photosynthesis were identified on 
linkage group IX. One QTL co-location was found on linkage group VIII for stomatal 
movements and water status. Coincidental locations for QTL regulating photosynthesis, 
transpiration and leaf water potential were described on linkage group XIV. On the other 
hand, Kiani et al. (2007b) detected 24 QTLs under well-watered conditions, of which 5 (about 
21%) were also detected in the water-stressed treatment. The percentage of phenotypic 
variance explained by the QTLs ranged from 6% to 29%. Among the eight QTLs detected for 
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OA, four of them (50%) were co-located with the QTLs for turgor potential (Psi(t)) on linkage 
group IV (OA.4.1), with the QTL for osmotic potential at full turgor (Psi(sFT)) in well-
watered RILs on linkage group VII (OA. 12.2) and with QTLs of several traits on linkage 
group V (OA.5.1 and OA.5.2). The four other QTLs for OA (50%) were very specific. 
However, they concluded that these QTLs were identified in greenhouse conditions and the 
usefulness of these QTLs for marker-assisted selection should therefore be evaluated under 
field conditions and validated in other genetic backgrounds. Similarly, Jamaux et al. (1997) 
identified RFLP and STS molecular markers of relative water loss and osmotic adjustment by 
RAPD bulked analysis.  
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