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Sunflower genotypes perform differently under different water regimes. Drought stress at various growth stages drastically 

reduces the growth, development and yield of sunflower hybrids. However, exogenous application of abscisic acid helps in 

mitigating drought stress by improving growth, development and yield of sunflower. In the present study, three sunflower 

hybrids viz. DK-4040 (large stature), S-278 (medium stature) and SF-187 (short stature) were exposed to varied irrigation 

regimes and abscisic acid application schedule i.e. T1: four irrigations with schedule (25DAS, at bud, flower initiation and at 

achene formation) and with no ABA spray,T2: three irrigations with schedule (25DAS, at flower initiation and at achene 

formation) and with no ABA spray, T3: three irrigations with schedule (25DAS, at flower initiation and at achene formation) 

and with 8µMABA spray at bud initiation, T4: three irrigations with schedule (25DAS, at bud initiation and at achene 

formation) and with no ABA spray, T5: three irrigations with schedule (25DAS, at bud initiation and at achene formation) 

and with 8µM ABA spray at flower initiation. Experiment was laid out in Randomized Complete Design with factorial 

arrangement having three replications. ABA application at bud or at flower initiation under drought stress helped in 

mitigating the detrimental effects by improving growth and yield of sunflower hybrids. Enhancement in drought tolerance of 

sunflower genotypes was better when ABA was applied at bud initiation stage than that of at flower initiation stage under 

drought. Improvements in head diameter, achenes per head, 1000-achene weight, achene yield, oil yield, biological yield, 

harvest index, leaf area index and crop growth rate was recorded. Sunflower hybrid DK-4040 showed more improvement in 

drought tolerance byfoliar application of ABA under water deficit stress than that of the SF-187 and S-278. It is suggested 

that sunflower hybrid DK 4040 should be grown under drought stress by foliar application of ABA at bud initiation stage. 
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INTRODUCTION 

 

Among the environmental stress factors water is one of the 

most limiting factor for crop production. On global basis, 

water determines the distribution, responses and adaptation 

of plant species. Droughts occurred periodically which had 

extensive impacts on global food production and supply 

(Wisner and Chase, 1984). It has been estimated that in the 

tropics droughts cause an average annual yield loss of 17 

percent (Edmeades et al., 1999) and it might be severe and 

total crop failure can also occurred. 

Drought tolerance has been observed in field crops species 

but it varies from crop to crop. Development of crop 

varieties that require lesser amounts of water and more 

tolerant to water shortage fulfilled the future nutritional 

requirements of the increasing population of the universe 

(Jaleel et al., 2007). Plants have different mechanisms to 

cope drought stress such as drought avoidance and tolerance. 

Morphological and physiological diversity have been 

observed in plants to tolerate the drought (Blum, 1997; 

Saensee et al., 2012). Sunflower cultivars have ability to 

deplete available soil moisture differently (Mahal et al., 

1998). High achene yield of sunflower under drought can be 

achieved by increasing total water use and harvest index 

while reducing soil evaporation and ultimately placing the 

crop at low vapor pressure deficit. In dry region, water 

present in deep profile and deep proliferated rooted species 

and cultivars had maximum ability for utilization of water 

(Hoad et al., 2001). Full and normal irrigations are essential 

for good crop production, but when there is shortage of 

water, it becomes very necessary to differentiate the critical 

growth stages of the crop, where irrigation could be missed, 

without significantly reducing the grain yield. In sunflower, 

irrigation missing at flower initiation drastically reduces 

achene yield (Hussain et al., 2010; Hussain et al., 2012a) 

and biological yield (Petchu et al., 2003) as compare to 

achene yield (El-Tayeb, 2005) and biological yield (De-

Guang et al., 2001) obtained after missing irrigation at 

vegetative stage (Shamim et al., 2009; Hussain et al., 2013). 

This is due to reduction in number of achenes head
-1 

(Kadayifei and Yildrim, 2000).   

Abscisic acid has a pivotal role to tolerate the water deficit 

conditions in field crops. Resistant cultivars have higher 

levels of ABA when they are exposed to water stress, and 
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sensitive cultivars can be converted to resistant types by 

exogenous application of ABA (Celliar et al., 1998). In 

response of water deficit, ABA markedly begins to increase 

in plant leaf tissues and to a lesser extent in other plant 

tissues including roots (Salisbury and Marinos, 1985). This 

leads to stomatal closure which finally reduced the rate of 

transpiration. It also inhibits shoot growth, and root growth 

appears to be promoted which increased the water supply. 

Exogenous application of ABA to intact plants has been 

observed to increase the drought tolerance (Wang et al., 

2003; Hussain et al., 2010). Foliar spray of 5µM ABA to 

cotton under drought significantly increased seed number 

and lint mass per plant (Pandey et al., 2003). Drought stress 

in soybean reduces pod setting which was alleviated by 

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

So the current research work was designed with the 

objective to compare the performance of diverse sunflower 

hybrids under water deficit environments and to optimize the 

ABA level application at appropriate growth stage for 

achieving higher yields of sunflower hybrids under drought. 

MATERIALS AND METHODS 

 

In the current study, seed of sunflower hybrids DK-4040 

(tall stature), S-278 (medium stature) and SF-187 (short 

stature) was obtained from the Regional Office of the 

Pakistan Oil Development Board, Faisalabad. The study was 

conducted for two consecutive years 2008 and 2009 at 

Agronomic Research Farm, University of Agriculture, 

Faisalabad, Pakistan. The data on average temperature, 

relative humidity and rainfall were collected from the Agro-

meteorological cell, Department of Crop Physiology, 

University of Agriculture, Faisalabad, Pakistan and 

presented in Fig. 1. Physiochemical characteristics of soil 

were analyzed before sowing of the crop and presented in 

Table 1. The experiment was laid out in randomized 

complete block design (RCBD) with factorial arrangement 

having three replications and net plot size was 3.0 m x 

5.0 m.  

Sunflower hybrids (DK-4040, S-278 and SF-187) were sown 

on ridges by dibbler with seed rate of 8 kg ha
-1

. Ridge x ridge 

Table 1. Pre-sowing analysis of the soil of research field 

 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  8.1 7.98 

 EC dS m
-1

 1.26 1.39 

 Organic matter % 0.79 0.73 

 Total Nitrogen % 0.045 0.049 

 Available Phosphorus mg kg
-1

 6.63 6.78 

 Available Potassium mg kg
-1

 169 165 
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Figure 1. Leaf score of different sunflower hybrids during 2008 and 2009; H1= DK-4040;   H2= S-278; H3= SF-187 
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and plant x plant distance of 75 cm and 25 cm, respectively 

was maintained. Recommended dose of fertilizer N (150 kg 

ha
-1

) and P (100 kg ha
-1

) were applied by using urea and 

diammonium phosphate (DAP). Half dose of nitrogen and 

full dose of phosphorus were applied at sowing, while 

remaining nitrogen dose was used with 1
st
 irrigation. The 

first irrigation was applied at 4-6 leaf stage (25 DAS), the 2
nd

 

irrigation at bud initiation stage (45 DAS) except the plots, 

which were subjected to water stress at this stage, the 3
rd

 

irrigation at flower initiation stage (67 DAS) except the 

plots, which were subjected to water stress at this stage. The 

4
th

 irrigation was applied to all plots at grain formation stage 

(90 DAS).Polo and Radomil Gold were sprayed for the 

control of white fly and head rot, respectively.  

Abscisic acid powder 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 evaluated (Pandey et al., 

2003, Hussain et al., 2010; Hussain et al., 2012a; Hussain et 

al., 2012b; Hussain et al., 2013).Weighted quantity of ABA 

(as per treatment) was added in a graduated cylinder and 1 L 

volume was made in volumetric flask by adding distilled 

water. Knapsack sprayer was calibrated (250 L ha
-1

) and use 

to spray the solution. Distilled water was sprayed in the 

control plots.  

Data pertaining to plant height, head diameter, achenes per 

head and 1000-achene weight were recorded from ten 

randomly selected plants in each plot and then averaged. The 

plants were harvested at maturity, heads were cut by sickle, 

dried in sun, threshed manually and achene yield per plot 

was recorded. Moisture contents of achene were determined 

after random selection from each plot. Achene yield was 

adjusted to 10% moisture content and converted into kg ha
-1

. 

In order to determine the oil yield, the oil contents of 

random samples taking from each plot were determined by 

Soxhlet Fat Extraction method (AOAC, 1990). The achene 

yield was changed to oil yield by using the following 

conversion formula 

 
For biological yield, air-dried sunflower hybrid plants 

(excluding achenes) was weighted on plot basis and then 

converted into kg ha
-1

 and finally recorded weight was added 

to the already computed achene yield (kg ha
-1

). Harvest 

index was calculated by the following relation (Gifford and 

Evans, 1981).    

 
Leaf area was measured by a leaf area meter (DT Area 

Meter, model MK2) at an interval of fifteen days. The 

sampling was started 30 days after sowing (DAS) and 

terminated 90 DAS. Five randomly selected plants from 

each plot were selected for measurement of leaf area and 

thereafter, leaf area index (LAI) was computed by using the 

formula given by Watson (1947).    

 
Crop growth rate (CGR) was determined at fortnight 

intervals by randomly selecting five plants from each plot. 

Random sampling was started 30 days after sowing (DAS) 

and completed at 90 DAS. After harvest, samples were 

weighed to determine fresh weight. Each plant sample was 

then chaffed, thoroughly mixed and then sun dried. After 

that samples were placed in oven at 70+5
o
C to dry the plant 

material up to constant dry weight. Then dry weight m
-2

 was 

computed and used to estimate the crop growth rate as 

mentioned by Hunt (1978). 

 
W2 and W1 dry weight per unit land area (g m

-2
) at second 

and at first harvest, respectively, while t2 and t1were time 

corresponding to second and first harvest (days), 

respectively. 

The data were analyzed by using Fisher
,
s analysis of 

variance technique at the probability level of 0.05 through 

program MSTAT-C. Least significant difference test 

employed to estimate the difference among mean of 

treatments (Steel et al., 1997). Meaningful orthogonal 

contrasts were studied to compare the differences between 4 

irrigations and 3 irrigations and also between ABA and no 

ABA application (Little and Hills, 1978). 

 

RESULTS AND DISCUSSION 

 

Yield components of sunflower hybrids: Varietals 

differences in plant height (Table 4) were observed during 

conduct of this experiment which categorized DK-4040 as 

tall, S-278 as medium and SF-187 as a short stature hybrid. 

Drought stress either at bud initiation or flower initiation 

significantly reduced plant height and more detrimental 

impact of water deficit were observed at bud initiation. 

Differential plant height of sunflower genotypes was also 

recorded by Schwarzbach et al. (2000). This reduction in 

plant height under drought was due to impaired mitosis, cell 

expansion and cell elongation (Hussain et al., 2008). 

Drought prior to reproductive stage decreased plant height 

(Hammadeh et al., 2005). Same trend was found in a study 

where sunflower plants irrigated at bud initiation were 19 cm 

taller than that of those irrigated at flower initiation stage 

(Unger, 1983). This increase in plant height was due to more 

stem dry matter production which might increase plant 

height. In present study exogenous application of 8µM ABA 

either at bud initiation or flower initiation to sunflower 

hybrids under drought significantly improved plant height. 

ABA helped in mitigating the adverse effects of drought by 

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

partial closing of stomata, reduction in transpiration and 

increase in root penetration (Hoad et al., 2001). 

Results of the current study indicated that under no drought 

stress sunflower hybrid DK-4040 had maximum head 

diameter than that of S-278 and SF-187 (Table 4). Head 

diameter of all studied sunflower hybrids was significantly 

Table 2.  Meteorological data 

Month Minimum 

Temperature (Ċ) 

Maximum 

Temperature (Ċ) 

Relative Humidity (%) Rainfall (mm) 

 2008 2009 2008 2009 2008 2009 2008 2009 

February 13.14 16.02 17.23 18.54 37.34 64.14 6.8 18.2 

March 22.72 20.77 26.85 23.99 37.84 53.52 0 14 

April 26.03 26.25 30.52 31.11 33.57 41.67 16 22.9 

May 30.76 32.43 36.89 35.98 30.16 31.42 75.5 9.11 

June 32.92 33.84 39.21 38.67 48 33.6 41.7 9.6 

 

Table 3. Meaningful orthogonal contrasts 

Parameters 4 I vs 3 I  ABA vs no ABA 

2008 2009 2008 2009 

Plant height * * * * 

Head diameter * * * * 

Number of achenes per head * * * * 

1000-achene weight * * * * 

Achene yield * * * * 

Biological yield * * * * 

Oil yield * * * * 

Harvest index * * * * 

4 I, four irrigations; 3 I, three irrigations; ABA, abscisic acid spray; vs, versus; *, significant; ns, non-significant 

 

Table 4. Role of exogenous application of abscisic acid on yield and yield components of sunflower hybrids 

Hybrids Treatments Plant height (cm) Head diameter (cm) Achenesper head 1000 -achene weight (g) 

 

DK-4040  

 2008 2009 2008 2009 2008 2009 2008 2009 

C  215.32a  225.92a 22.87a 23.41a 1172.98a 1201.87a  51.97a 53.61a 

SBNA  144.27e  151.34e 15.04d 15.40d  887.63c  909.53c   39.25c 40.48c 

SBA  170.56d  178.99d 19.61b 20.07b 1087.69ab 1114.50ab  47.58b 49.07b 

SFNA  176.64c  185.34c 13.75e 14.07e  676.02d  692.72d 34.02d 35.09d 

SFA  187.65b  196.93b 16.65c 17.04c 1061.90b 1087.91b  43.19c 44.55c 

 

S-278 

         

C  179.61a 188.44a 19.46a 19.92a 1065.28a 1091.27a 48.81a 50.35a 

SBNA  127.13e 133.44e 12.91d 13.21d  822.28b  842.51c 36.44b 37.59b 

SBA  135.68d 142.35d 16.09b 16.47b  958.66a  982.25ab 44.89a 46.31a 

SFNA  148.53c 155.90c 10.29e 10.53e  704.75c  722.06d 29.78c 30.73c 

SFA  161.19b 169.09b 14.63c 14.98c  879.76b   901.33b  38.45b 39.6b 

 

SF-187 

         

C 140.52a 147.46a 22.38a 22.91a 1032.46a 1057.66a 56.93a 58.71a  

SBNA 108.22e 113.61e 12.85d 13.15d  845.62b  866.27b 44.19b 45.59b  

SBA 115.82d 121.56d 18.55b 18.98b  936.90b  959.84b 53.22a 54.91a 

SFNA 119.55c 125.51c 10.44e 10.68e  760.84c  779.56c 35.93c 37.04c 

SFA 131.66b 138.21bs 15.99c 16.37c  855.06b 876.09b 46.45b 47.92b 

LSD   2.51 2.46 0.70 0.72 108.18 110.71 4.38 4.51 

C, control (no abscisic acid application); SBNA, stress at bud initiation and no abscisic acid application; SBA, stress at bud 

initiation and abscisic acid application; SFNA, stress at flower initiation and no abscisic acid application; SFA, stress at 

flower initiation and abscisic acid application; LSD, least significant differences; Mean values sharing the same letter in a 

column do not differ significantly at P< 0.05. 
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reduced under drought. Reddy et al. (1998) also reported 

reduction in head diameter of different sunflower hybrids 

under drought. More decrease in head diameter was 

observed when water deficit occurred at flower initiation 

than at bud initiation (Hussain et al., 2012). This reduction 

was due to decrease in production of assimilates under water 

deficits (Wahid and Rasul, 2005) and their less allocation to 

the floral organs (Setter et al., 2001). Exogenous application 

of ABA under drought either at bud initiation or flower 

initiation significantly improved head diameter of studied 

sunflower hybrids (DK-4040, S-278 and SF-187). This 

improvement was attributed to the applied ABA which 

helped in water conservation in plants and improved plant 

growth by increasing water use efficiency (Turner et al., 

2001) which might have enhanced the translocation of 

assimilates to head and finally increased head size.  

Sunflower hybrids differed in achenes per head under 

drought and well watered conditions (Table 4). Sunflower 

hybrid DK-4040 produced a more achenes per head than SF-

187 and S-278 while later two produced statistically similar 

achenes per head. This variation in production of achenes 

per head was due to genetic potential of sunflower hybrids 

(Bakht et al., 2006). Water deficits at bud initiation or flower 

initiation significantly reduced the achenes per head of 

sunflower hybrids and more drastic effect of water shortage 

was observed when stress was applied at flower initiation. 

This reduction in achenes per head under drought was due to 

less seed set and more seed abortion as was observed in 

soybean (Liu et al., 2004) and cotton (Pandey et al., 2003). 

Similarly exogenous application of ABA under drought 

significantly improved achenes per head. This improvement 

in achenes per head might be due to more seed set and less 

seed abortion. Exogenous application of ABA under drought 

significantly increased seed number in cotton (Liu et al., 

2004) and pod set in soybean (Pandey et al., 2003). 

Results in Table 4 depicted that sunflower hybrids showed 

significantly different 1000-achene weight under normal and 

limited irrigation conditions. Divergent 1000-achene weight 

of sunflower hybrids were also observed by Bakht et al. 

(2006). More decrease in 1000-achene weight was noted 

when drought stress was applied at flower initiation thanbud 

initiation. This kind of response was also observed in 

sunflower (Daneshian et al., 2005). Foliar applied ABA to 

sunflower hybrids under water deficit conditions increased 

1000-achene weight because it increased availability of 

water and translocation of assimilates to sink (achene). ABA 

had the ability to compensate plant water loss through partial 

closure of stomata, reduction in leaf development (Davies 

and Zhang, 1991) and increase in root penetration (Alfredo 

and Setter, 2000). 

Achene yield (Table 5) of sunflower hybrids was statistically 

different under drought and normal irrigated condition. 

Maximum achene yield was noted in DK-4040 compared to 

SF-187 and S-278. Bakht et al. (2006) also noted more 

achene yield of DK-4040 than SF-187. Water deficits 

applied to hybrids at flower initiation caused more reduction 

Table 5. Role of exogenous application of abscisic acid on yield and yield components of sunflower hybrids 

Hybrids Treatments Achene yield (kg ha
-1

) Biological yield (kg ha
-1

) Oil yield (kg ha
-1

) Harvest index (%) 

 

 

DK-4040  

 2008 2009 2008 2009 2008 2009 2008 2009 

C 3326.74a 3552.27a 13112.18a 13826.99a 1262.90a 1379.09a 24.61b 24.97b 

SBNA 1924.44c 2054.18d 8096.55e 8538.82e 682.01d 744.71d 22.53c 22.88c 

SBA 2802.45b 2993.97b 10452.92d 11018.69d 1025.98b 1120.25b 25.85a 26.26a 

SFNA 1310.77d 1396.22e 11204.90c 11815.4c 432.99e 472.64e 10.80e 10.97e 

SFA 2554.75b 2728.69c 11457.24b 12081.16b 883.92c 965.16c 21.17d 21.76d 

 

S-278 

         

C 2828.98a 3022.65a 13033.27a 13745.24a 1013.35a 1106.49a 20.94a 21.26a 

SBNA 1685.97d 1797.79d 10910.03e 11503.38e 563.04d 614.65d 14.54b 14.76b 

SBA 2416.18b 2579.98b 11150.33d 11794.30d 828.93b 904.97b 20.77a 21.03a 

SFNA 1224.35e 1303.76e 11784.55c 12427.36c 383.59e 418.68e 9.54c 9.69c 

SFA 1914.29c 2042.93c 12220.24b 12884.12b 621.82c 679.08c 14.85b 15.08b 

 

 

SF-187 

         

C 3222.58a 3444.23a 12830.88a 13527.50a 1208.80a 1320.02a 24.34a 24.72a 

SBNA 2039.34d 2176.73d 11023.77d 11625.16e 720.82d 786.99d 17.59c 17.86c 

SBA 2845.42b 3023.86b 11617.38c 12249.10d 981.93b 1072.18b 23.63b 23.94b 

SFNA 1532.17e 1633.85e 11790.56c 12432.80c 496.72e 542.44le 12.15d 12.34d 

SFA 2489.99c 2624.76c 12195.33b 12929.67b 761.79c 831.70c 19.59c 19.45c 

LSD  50.071 64.38 179.76 58.46 18.46 20.44 0.50 0.55 

C, control (no abscisic acid application); SBNA, stress at bud initiation and no abscisic acid application; SBA, stress at 

bud initiation and abscisic acid application; SFNA, stress at flower initiation and no abscisic acid application; SFA, stress 

at flower initiation and abscisic acid application; LSD, least significant differences; Mean values sharing the same letter 

in a column do not differ significantly at P< 0.05. 
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in achene yield than at bud initiation. Drought timing is 

more crucial than its intensity (Hussain et al., 2010; Hussain 

et al., 2012a; Hussain et al., 2013). Limited water 

application to sunflower at heading, flower initiation and 

milking reduced achene yield and more reduction in 

sunflower yield occurred when drought was employed at 

flower initiation (Daneshian et al., 2005). This reduction in 

achene yield of sunflower hybrids under drought occurred 

due to decrease in head diameter (Nasri, 2005), number of 

achenes per head (Liu et al., 2004) and 1000-achene weight 

(Daneshian et al., 2005). Foliar application of ABA to 

sunflower hybrids under drought at bud initiation had better 

effect on achene yield than applied at flower initiation. This 

improvement in achene yield might be due to the ability of 

ABA to regulate loss of water in the plant through 

incomplete closing of stomata, increasing root penetration 

(Hoad et al., 2001) and water use efficiency which 

ultimately increased translocation of assimilates to achenes. 

Biological yield of sunflower hybrids decreased under 

drought and more decrease was observed when irrigation 

was skipped at bud initiation than flower initiation (Table 5). 

This decrease in biological yield was due to decrease in 

plant height, total dry matter production, leaf area, shoot 

growth and achene yield (El-Tayeb, 2005). Results of 

present study further depicted that foliar application of ABA 

to sunflower hybrids under water stress at bud or flower 

initiation improved biological yield. Drought resistant 

cultivars have higher level of ABA and drought sensitive 

cultivars of crops would be converted to resistant cultivars 

by the application of ABA (Celliar et al., 1998) which 

increased crop productivity and might have improved 

biological yield. Contrary to our findings exogenous 

application of ABA under drought reduced biomass 

production in two contrasting population of Populus 

davidiana which was due to lower dry matter accumulation 

and its more allocation to roots than shoot (Chunyang et al., 

2004). 

Differential oil yield of sunflower genotypes was observed 

under water deficits and normal irrigation conditions. 

Drought significantly decreased oil yield of sunflower 

hybrids (Table 5) and similar results were also observed by 

Ardakani et al. (2005). More reduction in oil yield was 

observed when water shortage was faced by crop at flower 

initiation than bud initiation. Similar response was also 

recorded by Reddy et al. (1998). This reduction in oil yield 

under drought might be due to decrease in achene yield. 

Results of the current study also depicted that exogenous 

application of ABA under drought increased oil yield due to 

conservation of water in plants. This conservation of plant 

moisture took place due to partial closing of stomata (Blum, 

1997). 

Varietals difference in harvest index was noted and 

maximum harvest index was computed in DK-4040 than that 

of S-278 and SF-187 (Table 5). Drought significantly 

decreased harvest index and more decrease was observed 

when stress imposed at flower initiation than bud initiation. 

This reduction in harvest index was due to decrease in seed 

number with less variation in individual seed weight. Seed 

number decreased by reduction in head size and the area 

which had visible seeds (Fereres et al., 1986). Furthermore, 

reduction in harvest index under drought was also due to 

decrease in biological yield (Petchu et al., 2003) and achene 

yield (Daneshian et al., 2005) which finally decrease harvest 

index (Ardakani et al., 2005; Nasri, 2005). Our findings 

further indicated that foliar application of ABA to sunflower 

hybrids under drought either at bud initiation or at flower 

initiation significantly improved harvest index. This 

improvement in harvest index might be due to increase in 

achene and biological yield of sunflower hybrids. 

Allometry of sunflower hybrids: Varietal difference in leaf 

score was observed among sunflower hybrids (Fig. 1); 

however, ABA application had non-significant effect on leaf 

score throughout the life of sunflower (Fig. 2). It indicated 

that dose of ABA was not more enough to cause defoliation 

although leaf area of sunflower hybrids was reduced.  

Further, this might be inherent ability of the sunflower 

hybrids to retain their leaf numbers under periodic drought 

and re-watering conditions. 
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Figure 2. Effect of irrigation and abscisic acid schedules 

on leaf score during 2008 and 2009 
T1= 4 irrigations and no ABA; T2= irrigation skip at bud initiation 

and no ABA; T3= irrigation skip at bud initiation and ABA; 

T4=irrigation skip at flower initiation and no ABA; T5=irrigation 

skip at flower initiation and ABA 

 

Genotypic variation in leaf area index was noted among 

sunflower hybrids (Fig. 3). Water deficit either at bud 

initiation or at flower initiation statistically decreased leaf 

area index of sunflower hybrids (Fig. 4).  More reduction in 

leaf area index of hybrids was observed when drought stress 

employed at bud initiation than at flower initiation. 
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Figure 3. Leaf area index of different sunflower hybrids 

during 2008 and 2009; H1= DK-4040;   H2= S-

278; H3= SF-187 
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Figure 4. Effect of irrigation and abscisic acid schedules 

on leaf area index during 2008 and 2009 
 T1= 4 irrigations and no ABA; T2= irrigation skip at bud initiation 

and no ABA; T3= irrigation skip at bud initiation and ABA; 

T4=irrigation skip at flower initiation and no ABA; T5=irrigation 

skip at flower initiation and ABA 

 

Leaf growth was more sensitive to water deficit than shoot 

and root growth which ultimately caused low leaf area index 

(Ardakani et al., 2005; Nasri, 2005). This low leaf area 

index is beneficial to plants as less leaf area is exposed to 

radiation which ultimately reduced transpiration (Schuppler 

et al., 1998). Foliar application of ABA to sunflower hybrids 

at bud initiation or flower initiation under drought increased 

leaf area index. ABA played positive role in the regulation 

of water status of plant by modifying the growth and 

function of guard cells. Furthermore, ABA also helps in 

induction of genes that encode enzymes and other proteins 

which protect plants from cellular dehydration (Luan, 2002). 

This might have enhanced mitosis, cell expansion and cell 

enlargement in leaf which finally improved leaf area index 

of sunflower hybrids. 

Genotypic variations in crop growth rate were observed in 

sunflower hybrids (Fig. 5). Drought stress at bud initiation or 

flower initiation statistically decreased crop growth rate 

(Fig. 6). More severe reduction in crop growth rate was 

observed in hybrids of sunflower when drought stress 

occurred at bud initiation. Water deficit stress at vegetative 

or at flower initiation stages of sunflower reduced total dry 

matter production which finally decreased crop growth rate 

(Ardakani et al., 2005). 
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Figure 5. Crop growth rate of different sunflower 

hybrids during 2008 and 2009 
H1= DK-4040;   H2= S-278; H3= SF-187 
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Figure 6. Effect of irrigation and abscisic acid schedules 

on crop growth rate during 2008 and 2009 
T1= 4 irrigations and no ABA; T2= irrigation skip at bud initiation 

and no ABA; T3= irrigation skip at bud initiation and ABA; 

T4=irrigation skip at flower initiation and no ABA; T5=irrigation 

skip at flower initiation and ABA 

 

Irrigation at bud initiation favored dry matter production in 

leaf and stem while its application at flower initiation was 

important for head and seed development (Unger. 1983), 

which clarified that drought stress at bud initiation caused 

more reduction in crop growth rate. Contrary to our results 

non-significant effect on crop growth rate was observed by 

Hussain et al. (2000) under drought. Water stress decreased 

mitosis, cell expansion and elongation which finally caused 

decrease in plant height, leaf area and crop growth rate 

(Hussain et al., 2008; Hussain et al., 2012b). Exogenous 

application of ABA under drought caused increase in crop 

growth rate of sunflower hybrids. This improvement in crop 

growth rate was due to the conservation of plant moisture. 

This water conservation took place by partial closing of 

stomata, and increase in root penetration (Salisburry and 

Marinos, 1985). Exogenous application of ABA increased 

dry weight of sunflower leaves which ultimately increased 

crop growth rate (Unyayar et al., 2004). 

Meaningful orthogonal contrasts study about yield and yield 

components of sunflower hybrids highlighted (Table 3) that 

contrasts of 4 irrigations vs 3 irrigations, ABA spray vs no 

ABA spray were significant for plant height, head diameter, 

number of achenes per head, 1000-achene weight, achene 

yield, oil yield, biological yield and harvest index. 

 

Conclusion: Drought stress to different sunflower hybrids 

showed damage to crop productivity. Normal irrigation 

application to sunflower hybrids increased crop growth and 

yield while foliar application of ABA under normal 

decreased allometry and yield. ABA application to 

sunflower hybrids under water deficit conditions at bud or 

flower initiation helped in mitigating the adverse effects of 

drought; however, the response was better when ABA was 

applied under drought stress at bud initiation than that of 

flower initiation stage. Sunflower hybrid DK-4040 showed 

better response for drought tolerance through foliar 

application of ABA than SF-187 and S-278 because it 

showed improvement in allometry, yield and yield 

components. 
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