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ABSTRACT 

Drought is major constraint for sunflower (Helianthus annuus) production worldwide. 
Drought tolerance traits have been identified in the related wild species Helianthus 
argophyllus. A study was initiated to develop sunflower drought tolerant germplasm by 
crossing cultivated sunflower with this species and analyze drought tolerance traits in the 
interspecific plant material. H. annuus and H. argophyllus populations, H.annuus intraspecific 
hybrids and H. annuus H. argophyllus interspecific hybrids were grown along with the 
commercial hybrid Hysun-33 under three stress regimes induced by PEG-6000 (T3) and 
application of abscisic acid through foliar spraying (T1) or irrigation (T2), along with a control 
(T0). Morpho physiological traits and growth regulators contents were assessed. Exogenous 
application of ABA, both by foliar spray and irrigation, had a negative impact on leaf area, 
stomatal conductance, transpiration and photosynthesis. Across the different groups of 
germplasm, there was a negative association between leaf area and stomatal conductance and 
a positive association between excised leaf water content, stomatal conductance and cuticular 
wax content. H. argophyllus populations had a significantly lower leaf area and higher water 
use efficiency, leaf cuticular wax content under all treatments and maintained higher net 
photosynthetic rate and stomatal conductance under osmotic stress. Small leaf area and high 
cuticular waxes content of the wild species were however not inherited in interspecific 
hybrids, suggesting to rather select transgressive segregants in F2 for these traits. The higher 
accumulation of indole-acetic acid observed under stress in H. argophyllus could contribute 
for a more developed root system. H. argophyllus lines accumulated less zeatin and 
gibberellic acid and more abscisic acid than the other groups of germplasm, but were able to 
maintain a higher zeatin content under stress that could result in maintaining growth and 
biomass. H. argophyllus populations and interspecific hybrids showed significant lower 
accumulation of silicium in all stress environments, reflecting reduced transpiration. These 
results are discussed with a view of using H. argophyllus to improve drought tolerance in 
cultivated sunflower. 

Key words: cuticular wax, growth regulators, interspecific crosses, leaf area, leaf gas 
exchange parameters, silicium 

 

INTRODUCTION 

Drought is a major yield limiting factor for sunflower (Helianthus annuus L.) 
production in semi-arid regions (Ravishankar and others 1991, Rauf 2008, Rauf and others 
2015). Oil and achene yield losses due to drought stress were reported in various parts of the 
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world (Jasinkas 1999; Kazi and others 2002; Hussain and others 2010; Woli and others 2014; 
Yin and others 2014). Water shortage induces significant modifications in physiological and 
biochemical processes involved in biomass production and modifies dry matter partitioning 
(Rauf and Sadaqat 2007; Rauf and Sadaqat 2008a Bal
others 2012). Breeding for drought tolerance is consequently essential to reduce yield losses 
in sunflower in drought-prone areas (Adiredjo and others 2014; Rauf and others 2015). In 
order to identify possible sources of drought tolerance, cultivated sunflower germplasm from 
diverse sources was evaluated on the basis of relative performance under drought stress (Rauf 
and Sadaqat 2008b). However, the narrow genetic base of cultivated germplasm has limited 
the scope of these studies.  

Some sunflower wild related species have been reported as drought tolerant and the 
introgression of traits from these species is expected to increase drought tolerance in the 
cultivated germplasm (Jan and others 2014). Among the related species, Helianthus 
argophyllus L. was identified as particularly drought tolerant (Jan and others 2014). Based on 
this information an experiment was carried out to identify possible traits of drought tolerance 
in H. annuus, H. argophyllus and their interspecific progenies, by using abscisic acid to 
induce drought like symptoms and by irrigating plants with a solution of polyethylene glycol 
(PEG-6000) to create osmotic stress. Genotypic variations were previously observed in 
sunflower plants submitted to exogenous application of ABA for production of abscisic acid 
(Ouvrard and others 1996) and maintenance of relative water content and yield (Hussain and 
others 2010) while the use of PEG has proven to be efficient to screen for tolerance to osmotic 
stress in this crop (Khalil and others 2015). In the present study, the traits assessed included 
morphological traits (leaf area, plant height, biomass), physiological characters (net 
photosynthetic rate and stomatal conductance, excised leaf water loss, epicuticular wax 
content, leaf silicium content), and plant regulators (gibberellic, indol acetic and abscisic acids 
and zeatin) contents. These traits are relevant to the drought tolerance breeding and therefore 
could indicate the type of resistance in sunflower genotypes. 

 

MATERIALS AND METHODS 

Plant Material 

Three H. argophyllus accessions (ARG-1805, ARG-1802 and ARG-1806), introduced 
from the USDA germplasm collection, and two CMS lines of cultivated sunflower (H. 
annuus) were used in this study. The two lines (CMS-14 and CMS-20) were crossed with H. 
argophyllus accessions to develop six interspecific hybrids. The commercial drought tolerant 
hybrid Hysun-33 was used as a check. Details of plant material have been shown in Table 1. 

Seeds were germinated in large polythene bags containing equal volume of sand, silt 
and field soil. After thirty days H. argophyllus plants, sensible to the photoperiod, were 
transferred to the field for induction of flowering. At 120 days after emergence, plants were 
covered from 15:00 to 7:00 during 45 days with black cloth to provide 16 hour dark period. 
On the other hand, H. annuus lines were sown after the start of black cloth treatment to the H. 
argophyllus populations to synchronize flowering. Pollen of the H. argophyllus plants was 
collected at 7:00 in the morning and deposited with the help of a camel brush over the stigma 
of the CMS lines. Meanwhile, heads of CMS lines were covered with white cloth bags to 
avoid foreign pollen contamination. Several rounds of pollination were carried out until 
stigmas completely wither. Interspecific hybrid seeds, as well as seeds of H. argophyllus and 
CMS lines were collected. CMS lines were maintained by tying the floral buds and pollinating 
the same plants with maintainer lines. Four hybrids were created by crossing H. annuus L. 
female lines CMS-14 and CMS-20 with male fertile lines R-12 and R-18. 
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Experimental conditions 

All the plant material including parental lines and hybrids were evaluated in growth 
chamber, at the Plant Breeding & Genetics Department, College of Agriculture, University of 

containing 8.5 kg of field soil: sand: silt. There were three boxes genotypes-1. Temperature 
y was maintained at 40% and light intensity at 650 

-2s-1 in all treatments. Treatments included a control (treatment T0) and three stress 
treatments. Drought like symptoms were induced through foliar (treatment T1) and irrigational 
application (treatment T2

according to Shinozaki and others (2000), Tuteja (2007) and Fujita and others (2011). 
Osmotic stress was generated by irrigating plants with a solution containing 50 g L-1 of 
polyethylene glycol (PEG-6000) according to Khalil and others (2015) (treatment T3). 

Plant measurements 

Leaf area was assessed using a CI-302 leaf area meter (CID-Bioscience, Camas, 
USA). Plant height was measured from the base to the top of canopy. Biomass was measured 
on digital balance. Leaf gas exchange parameters were determined on 26 days old leaves from 
the top of canopy by using a photosystem CI-340 (CID-Bioscience Camas, USA). 

d light 
-2s-1 in all treatments. Water use efficiency was ratio of net 

photosynthesis rate to transpiration (Pn E-1) 

Excised leaf water loss was assessed according to Dhanda and others (1989), 45 days 
after emergence, on fully expanded leaves (ie, fifteen days old leaves) at the 2nd node from the 
top of canopy. Leaves were removed from the plants and their fresh mass was measured 

wilting leaf ma
Excised leaf water loss was calculated as (fresh leaf mass  wilted leaf mass)/(fresh leaf mass 
 dry leaf mass). 

Epicuticular waxes were determined by the method of Ebercon and others (1977) at 
45 days after emergence, on expanded (15 days old) leaves from the top of canopy. Leaf disc 
of known size (30 cm2) were dipped in 15 ml pre-
The extract was filtered, chloroform was evaporated and 5ml of reagent was added to each 
sample. The reagent was prepared by dissolving 20 g potassium dichromate in 40 ml distilled 
water. The solution was mixed and further heated for 30 minutes in a concentrated 1 liter 
H2SO4 to make it colorless. Samples were cooled and 12 ml of distilled water was added to 
each sample. The samples were kept at room and color change was awaited. Optical density 
(590 nm) of the sample was measured using a spectrophotometer. The standards were 
prepared by obtaining cuticular waxes from large samples of wild sunflower leaves dipped in 
chloroform. Obtained waxes (300mg) were mixed in three replicates with the 5ml reagent to 
each of the replicates and heated until the standard became colorless. The standards were 
further prepared by mixing stock solution of 0.1 ml, 0.5ml, 1ml, 2ml, 3ml and 5ml to get final 

-1 -1 -1 -1 -1 -1 of 
standard solution. 

-1) was determined according to Dai and others (2005). Leaves 

were grounded and passed through sieve of 60-
for 48 hours. 100-mg of sample was poured into polyethylene tubes and 3ml of 50% NaOH 
was added to each sample. All tubes were covered with loose plastic caps. Tubes were vortex 
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50ml through ddH2O. 1 ml sample was added to volumetric flask which was further added up 
by 30 ml of 20% acetic acid and 10 ml of ammonium molybdate (54g L-1, pH 7.0). 5 mL of 
20% tartaric acid was added to the tube after 5 min interval followed by 1 ml reducing 
solution. Volume was adjusted at 50 ml by 20% acetic acid. Measurement was done at 650 
nm on spectrophotometer (UV 2600).Standards were prepared by taking 1g ultrapure SiO2 

1 hour. 0.1g of treated SiO2 was further transferred to nickel crucible and slowly heated to 
2CO3 to form a lucent melt. Crucible was taken out from the 

furnace and 5mL of boiling ddH2O was added in the crucible. The melt was transferred to 
plastic bottle which was further dissolved by adding 150 mL of ddH2O. Finally the volume 
was raised to 1000 ml in volumetric flask and solution was transferred to plastic bottle. Bottle 
contained stock solution of 0.1 mg mL-1 of SiO2.  

Plant growth regulators were dete
plant sample (leaves) (2g) was grounded in a 60 ml solution (methanol: chloroform: 2N 
ammonium hydroxide, 12:5:3 v/v/v). The obtained plant extract was treated with 25 ml 
distilled water. Upper whitish phase was aspirated and chloroform phase discarded. Whitish 
phase (water-methanol) was further used to evaporate the methanol in extract through rotary 
evaporator. Obtained water phase was treated with 15 ml ethyl acetate at 2.5, 7 to obtain free 
form of plant 
one hour and plant extraction was done at 2.5, 7 pH to get bound form of plant growth 

rator 
to minimum level to have concentrated sample. The concentrated samples were treated with 1 
ml methanol and were run on TLC plates (Silica Gel, 254, Merck Chemicals Germany) to 
separate gibberellic acid(GA3), indole-3-acetic acid (IAA) and abscisic acid (ABA) for the 
samples obtained at pH 2.5 and zeatin at pH 7. Plant growth regulators were extracted through 
glass plaque with reference to RF value of synthetic plant growth regulators (ABA, zeatin, 
GA3 and IAA). Obtained samples were treated with the 1.5 ml methanol and filtered. The 
samples were then analyzed on spectrophotometer (UV 2600) to determine the optical density 
along with standards. Optical density was determined at 280 nmfor IAA, 254 nm for GA3, 
263 nm for ABA and 269 nm for zeatin. 

  

RESULTS 

Plant biomass was reduced 12%, 8% and 34% in the treatments T1, T2 and T3 
respectively, compared to the control T0 (Table 2). Hysun-33 showed the highest plant 
biomass and H. argophyllus the lowest in all treatments. Interspecific crosses had similar 
plant biomass as Hysun-33 in To, T1 and T2 but a significantly higher biomass than the 
commercial hybrid in T3. Plant height decreased by 26%, 29% and 29% in T1, T2 and T3, 
compared to To (Table 2). Hysun-33 had the highest plant height and H. argophyllus the 
lowest in all treatments. Plant height of interspecific crosses was close to Hysun-33 in To and 
T1, but significantly lower in T2 and T3.Plant height was significantly higher in interspecific 
hybrids that in intraspecific hybrids in both T1 and T2.  

Excised leaf water loss (LW) increased with ABA and osmotic stress treatments in all 
sets of germplasm (Table 3). Averaged over the species and their crosses, the highest LW was 
noted in ABA foliar treatments. H. argophyllus populations maintained the highest LW while 
interspecific hybrids showed the lowest values in all four treatments. The commercial hybrid 
Hysun-33 also showed the lowest LW in control treatment. Leaf area decreased by 24%, 11% 
and 24% T1, T2 and T3, respectively, compared to To (Table 3). Hysun-33 had the highest leaf 
area in this treatment. Leaf area of the commercial hybrid remained unaffected in the three 
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treatments. Leaf area of interspecific hybrids was similar to this of the commercial hybrid in 
To and T1, but significantly decreased in T2and T3.It was higher than this of intraspecific 
hybrids in To and T1, but not in T2 and T3. H. argophyllus showed the lowest leaf area in all 
treatments. 

There was a significant decrease in PN of all genotypes due to stress treatments (Table 
4). PN experienced a decrease of 30%, 57% and 52% in to T1, T2 and T3, respectively. Hysun-
33showed the highest PN in To. Net photosynthesis of this hybrid however drastically 
decreased in T1, T2 and T3.  H. argophyllus populations along with interspecific hybrids and 
Hysun-33 showed the highest PN in T2. H. argophyllus population and interspecific hybrids 
tend to maintain PN in all treatments. Interspecific hybrids showed the highest PN in T2 and T3 

and   H. argophyllus populations the highest PN in T1. Stomatal conductance was reduced by 
71%, 78% and 81% in T1, T2 and T3 treatments (Table 4). In T0, Hysun-33 showed the highest 
stomatal conductance and H. argophyllus the lowest. H. argophyllus had the highest stomatal 
conductance in T1 and H. annuus in T2. In T3, H. argophyllus populations and interspecific 
hybrids showed the highest stomatal conductance. 

There was decrease of 58%, 69% and 62% in transpiration rate (E) due to treatments 
i.e. T1, T2 and T3 (Table 5). Hysun-33 showed the highest E in T0 and T1 while crosses (both 
types) in T2 and interspecific crosses in T3. Water use efficiency (WUE) increased by 13%, 
17% and 13% in T1, T2 and T3 (Table 5). H. argophyllus showed the highest WUE in all 
treatments. 

Silicium content increased by 124%, 90% and 96% in T1, T2 and T3, respectively, 
compared to T0 (Table 6). Hysun-33 had the highest silicium content in To, T2 and T3. 
Silicium content was similar in the commercial hybrid and intraspecific hybrids inT2. H. 
argophyllus and interspecific crosses showed the lowest silicium content in all treatments. 
Leaf cuticular waxes decreased as a result of the ABA treatments and osmotic stress. There 
was decline of 46%, 53% and 51% in T1, T2 and T3 respectively when compared to To (Table 
6). H. argophyllus showed the highest leaf cuticular waxes in all treatments. Interspecific 
hybrids showed significantly lower leaf cuticular waxes than H.argophyllus.Hysun-33 showed 
the lowest cuticular waxes content in all treatments. 

Abscisic acid (ABA) content increased by 67%, 133% and 47% in T1, T2 and T3, 
compared to To (Table 7). The highest ABA content was noted in H.argophyllus in T1 and 
T3and in Hysun-33 in T2. Interspecific hybrids showed higher ABA contents than intraspecific 
hybrids in T2.GA3 content decreased by 33%, 31% and 15% in T1, T2 and T3 (Table 7). The 
interspecific hybrids had the highest GA3 contents in To and Hysun-33 in T1, T2 and T3. GA3 

content increased under stress in Hysun-33 and decreased in the other groups of germplam. H. 
argophyllus showed the lowest GA3 content in all treatments. 

Zeatin content decreased by 12%, 28% and 26% in T1, T2 and T3, compared to To 

(Table 8). Hysun-33 showed the highest zeatin content in all treatments. In T1 and T2, H. 
argophyllus and interspecific hybrids had higher zeatin content than H. annuus and the 
intraspecific hybrids. IAA increased by 28%, 17% and 19% in T1, T2 and T3 (Table 8). In all 
these treatments, H. argophyllus and interspecific hybrids had a higher IAA content than H. 
annuus and intraspecific hybrids, respectively. Hysun-33 showed the lowest IAA in all 
treatments. 

In the GGE biplot analysis carried out on physiological traits, the two first components 
depicted 90.65% of the variation (Fig. 1). In T2, cuticular waxes content was positively 
related with stomatal conductance. In T3 stomatal conductance was negatively related with 
leaf area.  In both T1 and T2, excised leaf water content was positively related to stomatal 
conductance. In the GGE biplot analysis carried out on plant morphological traits and growth 
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regulators, the two first components depicted 71.65% of the variation (Fig. 2). Plant biomass 
was positively related with zeatin contents in all treatments. ABA content was negatively 
related with plant biomass in T1 and T3, stomatal conductance in T0 and T2, zeatin contents in 
T3, and net photosynthetic rate in T1.  

  

CONCLUSION 

The present study confirmed the value of H. argophyllus to improve drought tolerance 
in cultivated sunflower, previously reported by different authors. Additional traits of potential 
interest were detected in this species, like smaller leaves with higher cuticular wax content 
(which allow reducing evapo-transpiration losses) and capacity to maintain net photosynthetic 
rate and accumulate more ABA, IAA and zeatin under osmotic stress. Some of these traits, as 
smaller leaves have to be considered carefully as they could be counter-productive under mild 
stress or optimal conditions. On the other hand, the effects of growth regulators on final yield 
under different environmental conditions are not yet fully elucidated. Finally, the inheritance 
of those traits has to be further investigated. The high excised leaf water content and leaf 
cuticular wax content under stress of the wild species was not maintained in the interspecific 
hybrids.  
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