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Abstract 

 

Genotypic variation in water relations under drought is an important index of studying drought 

tolerance of crops. Abscisic acid (ABA) application helped in mitigating drought stress by 

improving water relations and yield. Three sunflower hybrids viz., DK-4040 (tall stature), S-278 

(medium stature) and SF-187 (short stature) were subjected to different irrigation and ABA 

application regimes i.e., four irrigations (25 days after sowing (DAS), at bud initiation, at flower 

initiation and at achene formation) and with no ABA spray, three irrigations (25 days after sowing, 

at flower initiation and at achene formation) and with no ABA spray, three irrigations (25 days 

after sowing, at flower initiation and at achene formation) and with ABA spray at bud initiation, 

three irrigations (25 days after sowing), at bud initiation and at achene formation) and with no ABA 

spray, three irrigations (25 days after sowing), at bud initiation and at achene formation) and with 

ABA spray at flower initiation. The experiment was laid out in randomized complete block design 

with split plot arrangement and had three replications. Exogenous application of ABA under 

drought at either stage (bud or flower initiation) was helpful in ameliorating drought stress by 

improving water relations and yield of sunflower hybrids; however response was better when ABA 

was applied under drought at bud initiation than at flower initiation stage. Sunflower hybrid DK-

4040 showed better enhancement of drought tolerance by exogenous application of ABA under 

drought than SF-187 and S-278 because it showed more improvement in water potential, osmotic 

potential, turgor pressure, relative leaf water contents and achene yield. 

 

Introduction 

 

Sunflower is successfully cultivated over a widely scattered geographical area in the 

world. It has ability to adopt in a variety of environmental conditions (Beard & Geng, 

1982). Sunflower is a high yielding oilseed crop and has the potential to bridge up the 

gap existing between consumption and domestic production of edible oil. Furthermore, it 

is a short duration crop (90-120 days) and can be grown twice a year. It fits well in 

existing cropping system and can be grown without replacing any major crop.  

Water is very essential for plant growth and makes up 75 to 95 % of plant tissue. A 

vast amount of water moves throughout the plant daily. Plants use water and carbon 

dioxide to form sugars and complex carbohydrates. Water acts as a carrier of nutrients 

and also a cooling agent. It also provides an element of support through turgor and as an 

intercellular reaction medium (Ashraf & Harris, 2005). 
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Environmental stresses represent a major constraint to meet the world food demand. 

There are relatively few stress free areas where crops may approach their potential yields. 

For instance, up to 45% of the world agricultural lands are subjected to continuous or 

frequent drought, wherein 38% of the world human population resides (Bot et al., 2000). 

In the face of a global scarcity of water resources, drought has already become a primary 

factor in limiting crop production worldwide. At present, around 18% of the global 

farmland only is irrigated (more than 240 million hectares) and up to 40% of the global 

food supply is produced on this land (Somerville & Briscoe, 2001). It is, therefore 

imperative to improve the drought tolerance of crops to increase crop production in 

drought hit areas. Water-limited crop production depends on the intensity and the pattern 

of drought which vary from year to year. In some sub-tropical countries like Pakistan 

however, there is a high probability that crop water deficits increase in severity as the 

season progresses, due to lack of rainfall and also due to the high evaporative demand 

(Ashraf & Foolad, 2006). 

Sunflower genotypes have performed differently in various environmental 

conditions. Different environmental conditions are required to evaluate the good yielding, 

better adaptive and stable crops varieties. (Luquez et al., 2000; Azhar et al., 2009). The 

severity of water shortage imposed on field crops also depends on the susceptibility of 

crops during different stages of their development (Shamim et al., 2009). The general 

effects of drought on plant growth are well known (Manivannan et al., 2007; Ahmad 

Sankar et al., 2007). When soil moisture is deficient, crop establishment may be reduced. 

Plant growth is limited, normal development patterns disrupted and eventually final yield 

lowered. 

Varietal differences in drought tolerance may be associated with change in ABA in 

response to various environmental stresses. This includes drought tolerance of maize 

(Pekic & Quarrie, 1987), chilling tolerance of rice seedlings (Lee et al., 1993) and salt 

tolerance of rice (Moons et al., 1995). ABA, a well-known stress reducing/tolerance 

promoting plant hormone has long been studied as potential mediator for induction of 

drought tolerance in plants (Davies & Jones, 1991; Zeevaart, 1999). It helps in promoting 

drought tolerance, both from the use of exogenous application to intact plants (Gibson et 

al., 1991; Heschel & Hausmann, 2001; Xu et al., 2002; Wang et al., 2003) and from the 

measurement of the endogenous ABA concentration (Van Rensburg & Kruger, 1994; Li 

& Wang, 2003). Exogenous application of 5 µM ABA to cotton under drought 

significantly increased seed number and lint mass per plant (Pandey et al., 2003). Jia & 

Zhang (1999) have also shown 50 % decrease in leaf conductance in sunflower detached 

shoot fed with 5µM ABA solution for 30 minutes. In soybean, reproductive potential 

reduced considerably due to less pod set under drought stress. This problem has been 

alleviated by exogenous application of 0.1mM ABA (Liu et al., 2004). Population 

variation due to exogenous application of ABA have been observed in well watered and 

stressed plants (Amdt et al., 2001; Tsialtas et al., 2001;  Ponton et al., 2001). Exogenous 

application of ABA affected water use efficiency more in droughted plant than well-

watered plants of jewelweed (Heschel & Hausmann, 2001). Plants would grow more 

rapidly by using a finite water supply more efficiently when water is limited, in this case 

high water use efficiency would positively affect plant productivity (Li, 1999). 

The success of semi-dwarf genes in cereals has prompted scientists to consider 

height reduction in sunflower. Agronomic benefits of dwarf sunflowers have been 

reported (Miller, 1992; Johnston et al., 1995). In sunflowers, differential water relations 

response has been demonstrated by different stature genotypes. Dwarf cultivars of 
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sunflower have higher water potential i.e., least water stress as compared to intermediate 

and long stature cultivars. This is due to difference in canopy architecture and root 

penetration depth among different stature sunflower cultivars (Angadi & Entz, 2002a). 

Tall stature cultivars produced more leaf area, aerial biomass and deeper root system so 

they transpired more water (Angadi & Entz, 2002b). Giminez & Fererez (1986) have 

reported a negative correlation between leaf area and leaf water potential. Greater leaf 

overlap due to compact canopy in dwarf versus standard height sunflower has also been 

reported by Sadras et al., (1991). Compact crop canopies affect microclimate by reducing 

wind speed and light penetration by increasing relative humidity (Nobel, 1999), which in 

turn reduces transpiration loss from the canopy (Pataki et al., 1998). An open canopy, 

with greater light penetration and better air circulation has potential to increase the plant 

water status (Nobel, 1999). 

So the present study was conducted to determine that how exogenous application of 

ABA helps in mitigating the effect of drought stress on water relations and yield of 

sunflower. Other objective of this study was to find out the appropriate stage at which 

ABA application could be more beneficial to ameliorate the water deficit effect on 

sunflower hybrids.   

 

Materials and Methods 

 

Three sunflower hybrids viz., DK-4040 (tall stature), S-278 (medium stature) and 

SF-187 (short stature) were used in the current study. Their seed was obtained from the 

Regional Office of the Pakistan Oil Development Board, Faisalabad. The experiment was 

conducted during spring at Agronomic Research Farm, University of Agriculture, 

Faisalabad, Pakistan for two consecutive years 2008 and 2009. The meteorological data 

for the growing period of the crop were collected from the Agro-meteorological cell, 

Department of Crop Physiology, University of Agriculture, Faisalabad, Pakistan. The 

data on average temprature, relative humidity and rainfall are presented in Fig. 1 while 

physiochemical characteristics of soil in Table 1. The experiment was laid out in 

randomized complete block design (RCBD) with split plot arrangement and replicated 

thrice. Net plot size was 3.0 x 5.0 m.  

Prior to seedbed preparation, pre-soaking irrigation of 10 cm was applied.  The 

seedbed was prepared by cultivating the field for 2-3 times with tractor-mounted 

cultivator. Sunflower hybrids (DK-4040, S-278 and SF-187) were sown on 17th and 12th 

of February, 2008 and 2009, respectively on ridges with the help of dibbler using seed 

rate of 8 kg ha -1
. Ridges were made 75 cm apart and plant-to-plant distance of 25 cm was 

maintained. Fertilizers were applied at the rate of 150 kg N and 100 kg P2O5 ha-1 in the 

form of urea and diammonium phosphate (DAP). Half of N and whole of P were applied 

at sowing, while the remaining N with 1st irrigation. Field hoeing was done in order to 

keep the field weed free. Plant protection measures were carried out to keep crop free of 

insect pests, diseases and parrots. The first and second year crops were harvested on May 

29, 2008 and June 5, 2009, respectively. 

First irrigation was applied at 4-6 leaf stage [25 days after sowing (DAS)], 2nd 

irrigation at bud initiation stage (45 DAS) except the plots which were subjected to water 

stress at this stage, 3rd irrigation at flower initiation stage (67 DAS) except the plots 

which were subjected to water stress at this stage and 4th irrigation to all plots at achene 

formation stage (90 DAS). 
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Fig. 1. Mean temperature (oC), relative humidity (%) and rainfall (mm) during experimental period 

(February-June). 
 

Table 1.  Pre-sowing field soil analysis. 

Determination Unit 
Value 

2008 2009 

A. Physical analysis    

 Sand % 66.6 64.5 

 Silt % 16.6 18.5 

 Clay % 16.8 17 

 Textural class Sandy clay loam 

B. Chemical analysis    

 pH  8.2 8.00 

 EC dSm-1 1.37 1.42 

 Organic matter % 0.74 0.70 

 Total nitrogen % .046 .047 

 Available phosphorus mg kg-1 6.52 6.58 

 Available potassium mg kg-1 171 170 
 

In this study, Abscisic acid of Sigma Aldrich, Japan was applied to the crop as foliar 
spray. The effect of application of two ABA levels (0 and 8µM) at two growth stages 
(bud initiation and flower initiation) under three irrigation regimes (no drought stress, 
drought stress at bud initiation and drought stress at flower initiation) was studied. 

Data regarding water relations including water potential, osmotic potential, turgor 
pressure and relative leaf water contents were recorded ten days after exogenous spray of 
abscisic acid. Achene yield was recorded at maturity. The third leaf from top (fully 
expanded youngest leaf) of two plants from each treatment was used to determine the leaf 
water potential. The water potential was measured from 8.00 to 10.00 A.M. by using 
Scholander pressure chamber according to the technique given by Scholander et al., (1965). 
The same leaf, as used for water potential, was frozen in a freezer at below -20oC for 7 
days. Then the frozen leaf material was thawed and cell sap extracted with the help of a 
disposable syringe. The extracted sap was directly used for the determination of osmotic 
potential by means of an osmometer (Wescor 5500). Turgor pressure was calculated as the 
difference between the values of osmotic potential (Ψs) and water potential (Ψw).  
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(Ψp) = (Ψw) - (Ψs) 

 

The third leaf from top (fully expanded youngest leaf) of two plants of each 

treatment was taken to determine the relative leaf water contents. Soon after cutting at the 

base of lamina, leaves were sealed within plastic bags and quickly transferred to the 

laboratory. Fresh weight (FW) was taken within two hours after excision of leaves. Then 

turgid weight (TW) was determined after soaking leaves in distilled water for 16-18 h at 

room temperature. After soaking, leaves were quickly and carefully blotted dry with 

tissue paper to compute turgid weight. Dry weight (DW) was obtained after drying the 

leaf samples in oven for 72 h at 70oC. Relative leaf water content (RLWC) was calculated 

from the formula (Schonfeld et al., 1988) and then averaged. 

 

RLWC (%) = (FW-DW)/ (TW-DW) x100 

 

where FW, DW and TW are fresh weight, dry weight and turgid weight of leaf, 

respectively. 

 

Data collected were analyzed by using Fisher’s analysis of variance technique.  LSD 

test at 5% probability was used to compare the differences among treatments means 

(Steel et al., 1997). 

 

Results 

 

Different irrigation and ABA application schedules for different hybrids of 

sunflower showed significant effect on leaf water potential during both years of study. 

Sunflower hybrid DK-4040 had maximum leaf water potential than S-278 and SF-187. 

Drought stress significantly decreased leaf water potential and more decrease in leaf 

water potential was observed when drought stress was imposed at flower initiation than at 

bud initiation. Exogenous application of ABA at bud initiation statistically increased leaf 

water potential over no ABA application at same stage (Fig. 2a). This increase was 

32.33% in DK-4040, 15.96% in S-278 and 27.66% in SF-187 during 2008. Similar trend 

was observed during both years of study. ABA spray at flower initiation also significantly 

increased leaf water potential than no ABA spray at same stage (Fig. 2b). This 

improvement in leaf water potential was 27.10% in DK-4040, 15.25% in S-278 and 

13.89% in SF-187 during first year of study. Similar observations were recorded during 

both years of study. 

Drought stress significantly increased leaf osmotic potential and more increase in leaf 

osmotic potential was observed when drought stress was imposed at flower initiation than at 

bud initiation. Applying ABA under stress at bud initiation significantly decreased leaf 

osmotic potential in sunflower hybrids (Fig. 3a). This decrease was 4.01% in DK-4040, 

2.51% in S-278 and 4.95% in SF-187 during 2008. Similar trend was observed during both 

years of study. Foliar application of ABA at flower initiation also significantly decreased 

leaf osmotic potential than no ABA application at this stage (Fig. 3b). This reduction in leaf 

osmotic potential was 3.61% in DK-4040, 4.16% in S-278 and 3.21% in SF-187 during first 

year of study. Similar observations were recorded during both years of study. 
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(a) 

 
(b) 

 
 

Fig. 2. Effect of irrigation and exogenous application of abscisic acid on leaf water potential of sunflower hybrids; a) 
Budding b) Flowering; T1= 4 irrigations and no ABA; T2= Irrigation skip at budding and no ABA; T3= Irrigation skip 

at budding and ABA; T4=Irrigation skip at flowering and no ABA; T5=Irrigation skip at flowering and ABA. 

(a) 

 
(b) 

 
Fig. 3. Effect of irrigation and exogenous application of abscisic acid on leaf osmotic potential of sunflower hybrids; a) 

Budding b) Flowering; T1= 4 irrigations and no ABA; T2= Irrigation skip at budding and no ABA; T3= Irrigation skip 
at budding and ABA; T4=Irrigation skip at flowering and no ABA; T5=Irrigation skip at flowering and ABA. 
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Table 2. Interactive effect of irrigation and ABA application scheduling on  

achene yield of sunflower hybrids. 

Hybrids (H) Irrigation and ABA application schedules 
Achene yield (kg ha-1) 

2008 2009 

H1 (DK-4040) T1=Control (no ABA application) 3226.64a 3452.17a 

 T2=Stress at bud initiation and no ABA 1824.34c 1954.08d 

 T3=Stress at bud initiation and ABA 2702.35b 2893.87b 

 T4=Stress at flower initiation and no ABA 1210.67d 1296.12e 

 T5=Stress at flower initiation and ABA 2454.65b 2628.59c 

H2 (S-278)    

 T1=Control (no ABA application) 2728.97a 2922.55a 

 T2=Stress at bud initiation and no ABA 1585.96d 1697.69d 

 T3=Stress at bud initiation and ABA 2316.08b 2479.96b 

 T4=Stress at flower initiation and no ABA 1124.25e 1203.66e 

 T5=Stress at flower initiation and ABA 1814.19c 1942.92c 

H3 (SF-187)    

 T1=Control (no ABA application) 3122.58a 3344.23a 

 T2=Stress at bud initiation and no ABA 1939.34d 2076.73d 

 T3=Stress at bud initiation and ABA 2745.32b 2923.76b 

 T4=Stress at flower initiation and no ABA 1432.07e 1533.75e 

 T5=Stress at flower initiation and ABA 2389.98c 2514.89c 

LSD (5%)  49.051 63.369 

Year mean  2139.51b 2303.36a 

LSD (5 %)  51.029 

Means sharing the same letter within a column don’t differ significantly from each other at 5% probability level. 

 

Sunflower hybrid DK-4040 had maximum leaf turgor pressure as compared to S-278 

and SF-187. Drought stress significantly decreased leaf turgor pressure and more 

decrease in leaf turgor pressure was observed when stress was imposed at flower 

initiation than at bud initiation. Turgor pressure in sunflower hybrids was significantly 

improved by the application of ABA under drought stress at bud initiation than no ABA 

under similar condition (Fig. 4a). This increase was 12.94% in DK-4040, 10.59% in S-

278 and 11.95% in SF-187 during 2008 and 12.95% in DK-4040, 10.43% in S-278 and 

11.98% in SF-187 during 2009. Spray of ABA at flower initiation also significantly 

improved leaf turgor pressure than no ABA spray at same stage (Fig. 4b). This 

improvement was 13.48% in DK-4040, 7.93% for S-278 and 6.95% for SF-187 during 

2008 and 13.50% in DK-4040, 7.81% in S-278 and 6.85% in SF-187 during 2009. 

Sunflower hybrid DK-4040 had maximum relative leaf water contents as compared 

to S-278 and SF-187. Drought stress significantly decreased relative leaf water contents 

and more decrease in relative leaf water contents was observed when drought stress was 

imposed at flower initiation than at bud initiation. Applying ABA under stress at bud 

initiation significantly increased relative leaf water contents in sunflower hybrids (Fig. 

5a). This improvement was 6.16% in DK-4040, 3.62% in S-278 and 4.68% in SF-187 

during 2008. Similar trend was observed during both years of study. ABA application at 

flower initiation also significantly increased relative leaf water contents than no ABA 

application at same stage (Fig. 5b). This increase in relative leaf water contents was 

5.19% in DK-4040, 3.10% for S-278 and 4.51% in SF-187 during first year of study. 

Same trend was observed during both years of study. 
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(a) 

 
(b) 

 
 

Fig. 4. Effect of irrigation and exogenous application of abscisic acid on leaf turgor pressure of sunflower hybrids; a) 

Budding b) Flowering; T1= 4 irrigations and no ABA; T2= Irrigation skip at budding and no ABA; T3= Irrigation skip 
at budding and ABA; T4=Irrigation skip at flowering and no ABA; T5=Irrigation skip at flowering and ABA.  

(a) 

  
(b) 

  
 

Fig. 5. Effect of irrigation and exogenous application of abscisic acid on relative leaf water contents of sunflower hybrids; 
a) Budding b) Flowering; T1= 4 irrigations and no ABA; T2= Irrigation skip at budding and no ABA; T3= Irrigation skip at 

budding and ABA; T4=Irrigation skip at flowering and no ABA; T5=Irrigation skip at flowering and ABA.  
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Different irrigation cum ABA application schedules imposed on different hybrids of 

sunflower showed significant effect on achene yield during both years of study. Drought 

stress significantly decreased achene yield and more decrease in achene yield was 

observed when stress was imposed at flower initiation than at bud initiation. Achene yield 

in sunflower hybrids was significantly increased with the application of ABA under 

drought stress at bud initiation than no ABA under similar condition. This increase was 

48.12% in DK-4040, 46.03% in S-278 and 41.55% in SF-187 during 2008 and 48.09% 

for DK-4040, 46.07% for S-278 and 40.78% for SF-187 during 2009. Foliar application 

of ABA at flower initiation also significantly increased achene yield than no ABA 

application at same stage. This improvement in achene yield was 102.75% for DK-4040, 

61.36% for S-278 and 66.68% for SF-187 during 2008 and 102.79% in DK-4040, 

61.41% in S-278 and 63.97% in SF-187 during 2009. 

 

Discussion 

 

In sunflower hybrids, differential water relations response was demonstrated by 

different statured genotypes. Present study categorized DK-4040 as tall statured hybrid, 

SF-187 as short stature hybrid and S-278 as intermediate stature hybrid. DK-4040 and 

SF-187 under drought either at budding or at flowering had higher water potential than S-

278. This variation in water potential among sunflower hybrids was due to differences in 

their canopy architecture and root penetration (Angadi & Entz, 2002b). DK-4040 and SF-

187 had compact crop canopy with larger leaves while sunflower hybrid S-278 had an 

open or lag canopy with smaller leaves. Number of leaves per plant was also more in S-

278 than DK-4040 and SF-187. Short stature cultivar SF-187 had more leaf water 

potential under drought (Miller, 1992; Johnston et al., 1995) due to compact canopy 

(Sadras et al., 1991) and lesser transpiration rate (Pataki et al., 1998) as wind speed and 

light penetration reduced. Tall stature cultivar DK-4040 also showed more leaf water 

potential under drought as it has compact canopy and also deeper root system due to 

which not only reduced wind speed and light penetration reduced (Nobel, 1999) but also 

might has increased water extraction from deeper soil layer. Intermediate stature hybrid 

S-278 had lag canopy, smaller and more leaves which increased light penetration and dry 

air circulation (Giminez & Fereres, 1986) and finally rate of transpiration increased and 

its leaf water potential decreased under drought. Results further indicated that exogenous 

application of ABA under drought either at budding or at flowering significantly 

increased leaf water potential. This increase in leaf water potential was due to increase in 

water availability to plants. Water availability might be improved by conserving plant 

moisture due to partial closing of stomata, reduction in transpiration, increase in root 

penetration and inhibition of shoot growth (Salisburry & Marinos, 1985; Blum, 1997; 

Alfredo & Setter, 2000; Hoad et al., 2001). 

Results of the present study indicated that sunflower hybrid DK-4040 (tall stature) 

under drought had more osmotic potential than SF-187 (short stature) and S-278 

(intermediate stature). This more osmotic potential of DK-4040 and SF-187 than S-278 

might categorize DK-4040 and SF-187 as drought tolerant and S-278 as drought sensitive 

sunflower hybrids. Genotypic variation for osmotic adjustment in sunflower hybrids was 

also reported (Chimenti & Hall, 1993; Iqbal & Ashraf, 2006). This variation was due to 

that SF-187 (short stature) initiated osmotic adjustment earlier (Angadi & Entz, 2002b) 

than medium stature sunflower hybrid (S-278) which indicated better response of SF-187 

in osmotic adjustment and had more osmotic potential than S-278. Intermediate 
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sunflower hybrid (S-278) showed greater water depletion from soil as compared to short 

stature hybrid (SF-187) so they felt drought earlier and lowered its osmotic potential due 

to poor osmotic adjustment. The maintenance of higher osmotic potential of large stature 

sunflower hybrid (DK-4040) than intermediate stature hybrid (S-278) under drought was 

due to faster root penetration and more water extraction from deeper soil layers which 

delayed osmotic adjustment (Angadi & Entz, 2002b). So advantages of better drought 

tolerance in short and large stature sunflower hybrids were due to earlier osmotic 

adjustment by short stature (SF-187) and delay in osmotic adjustment by tall stature (DK-

4040) hybrids. Exogenous application of ABA to sunflower hybrids under drought made 

osmotic potential less negative (increased) which was an indication that exogenous 

application of ABA improved drought tolerance in sunflower hybrids. ABA helped in 

mediating drought tolerance in plants (Zeevart, 1999) and its exogenous application to 

sunflower under drought converted tolerant cultivars to more tolerant and sensitive 

cultivars to tolerant cultivars (Quarrie, 1980; Cellier et al., 1998). Conversely exogenous 

application of ABA might increase the activity of certain enzymes like α-amylase and 

ribonuclease. These enzymes might breakdown starches and other materials to make 

osmotic potential more negative (Bradford & Hsiao, 1982). 
Varietal differences in leaf turgor pressure were also observed. Sunflower hybrid 

DK-4040 (tall stature) under drought had maximum leaf turgor pressure as compared to 
S-278 (intermediate stature) and SF-187 (short stature). Genotypic variation for leaf 
turgor pressure under water deficits was also reported in field crops like maize (Saneoka 
et al., 1995), sunflower (Angadi & Entz, 2002b), tomato (Makela et al., 1998) and cotton 
(Meek et al., 2003).  Drought stress significantly decreased leaf turgor pressure in 
sunflower hybrids and more decrease in leaf turgor pressure was observed when stress 
was given at flower initiation than at bud initiation. The maintenance of higher leaf turgor 
pressure of tall stature sunflower hybrid (DK-4040) than intermediate stature hybrid (S-
278) under drought was due to faster root penetration and more water extraction from 
deeper soil layers (Angadi & Entz, 2002a) while in short stature hybrid (SF-187) it was 
due to earlier osmotic adjustment (Angadi & Entz, 2002a) and compact crop canopy 
which reduced rate of transpiration (Nobel, 1999) and finally increased water 
conservation in plants. Our findings further demonstrated that foliar application of ABA 
under drought significantly improved leaf turgor pressure. This increase in leaf turgor 
pressure was due to enhancement in water availability and conservation of water in plants 
which finally improved leaf water potential. Water availability might also be improved 
by conserving plant moisture due to partial closing of stomata, reduction in transpiration, 
increase in root penetration and inhibition of shoot growth (Salisburry & Marinos, 1985; 
Blum, 1997; Alfredo & Setter, 2000; Hoad et al., 2001). 

Genotypic variation in leaf relative water contents was observed and sunflower 
hybrid DK-4040 (tall stature) under drought had maximum leaf relative water contents as 
compared to S-278 (intermediate stature) and SF-187 (short statured). Water deficit to 
sunflower hybrids at flowering reduced leaf relative water contents more as compared to 
drought given at budding. Reduction in leaf relative water contents under drought 
drastically affected sunflower growth and development (Velue & Palanisami, 2001; 
Lawlor, 2002; Tezara et al., 2002). Higher leaf relative water contents of sunflower 
hybrids DK-4040 and SF-187 than S-278 was due to better water potential, turgor 
pressure and osmotic adjustment in these hybrids. Compact crop canopy of DK-4040 and 
SF-187 reduced rate of transpiration under drought which also improved their growth by 
increasing leaf relative water contents. Liu & Li, (2005) reported that low rate of 
transpiration under water deficits improved leaf relative water contents which ultimately 
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increased growth and physiological activities of drought tolerant line of wheat which was 
advantageous over drought sensitive line. Exogenous application of stress hormone ABA 
under drought significantly increased leaf relative water contents of sunflower hybrids. 
This improvement in leaf relative water contents was due to conservation of moisture in 
plants. Conservation of water in plants due to foliar application of ABA occurred by 
partial closing of stomata, reduction in transpiration, increase in root penetration and 
inhibition of shoot growth (Salisburry & Marinos, 1985; Blum, 1997; Alfredo & Setter, 
2000; Hoad et al., 2001).  
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