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A B S T R A C T 

Availability of water is main factor in sunflower productivity. Planting density also influence the yield of sunflower. An 
experiment was carried out at postgraduate research area of Department of Agronomy, University of Agriculture, 
Faisalabad during autumn 2011 to evaluate the effect of row spacing under reduced irrigation conditions on growth, 
yield and oil content of sunflower. The experiment was laid-out in RCBD with split plot arrangement having three 
replications. The size of plot for this experiment was 3m x 5m. This experiment was comprised of two row spacing (60 
cm and 75 cm apart) and four irrigation levels (full irrigation, irrigation missed at the beginning of stem elongation, 
irrigation missed at beginning of flowering, irrigation missed at achene development). Uniform management practices 
were carried out. Data were taken by standard procedures used for sunflower growth and yield procedures. Statistical 
analysis was done by ANOVA technique. Treatments’ means were compared using Least Significant Difference test at 
5% probability level. The results had shown significant results regarding the yield and yield components of sunflower.  
Different row spacing and irrigation levels affect almost all the parameters significantly. Various row spacing had 
significant effect in case of yield components. The maximum results were obtained in case of 75 cm row spacing i.e. 
1000-achene weight (47.2 g), achene yield (2.97 t ha-1) and biological yield (10.02 t ha-1). While number of achenes 
per head was non-significant in case of row spacing. Various irrigation levels differed significantly in case of yield 
components and maximum mean value i.e. 1000-achene weight (50.5 g), number of achenes per head (643.33), 
achene yield (3.01 t ha-1) and biological yield (10.19 t ha-1)was observed under the control (full irrigation). 
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INTRODUCTION 

Sunflower ranks 4th in oil seed crops all over the world 

(FAO, 2000). It is very profitable in crop rotation 

because it has high adaptive ability, mechanical 

suitability and lesser labor requirements. Sunflower 

can grow on different types of soils but its performance 

is better in soils best for the growth of maize and 

wheat. Among the cash crops, sunflower is one of the 

crops having shortest growing season around the world 

(FAO, 2002). In Pakistan, the area under cultivation in 

2010-11 was 1.10 million hectares. While the seed yield 

was 643 thousand tons and oil production was 244 

thousand tons (GOP, 2010). It is a short duration crop 

which can easily be fitted without any reasonable 

change in our present cropping system (Hussain et al., 

2001). Among the major issues in crop production, one 

of them is depletion of water resources. Water stress is 

considered to be the most critical one (Sinclair, 2005). 

Water stress is thought to be the most important 

factors restricting yields of crop all over the world 

(Petcu, 2001). In season when irrigation water is not 

sufficient for crop requirement, optimum use of 

irrigation water is necessary to manage water 

resources (Kazemeini et al., 2009). Sunflower plants are 

categorized as drought resistant but if the water stress 

occurs during the main growing and flowering periods, 

the yield and oil content are reduced. Water amount 

and distribution both has significant effect on 

sunflower yield and oil content (Krizmanic et al., 2003; 

Iqbal et al., 2005). Due to limitation of water, deficit 

irrigation is a good practice to be used in dryland
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(Flagella et al., 2002). Water deficit induced at yield 

formation period decreased yields in comparison to full 

irrigation. When sunflower was stressed at flowering 

period the yield reduction was not much (Tolga and 

Lokman, 2003). 

Plant density has been familiarized as main factor 

which determines the degree of competition between 

plants (Heitholt and Sassenrath- Cole, 2010). Row 

spacing impacts on sunflower yield are variable. 

Reports are showing positive impacts of reduce row 

spacing (Andrade et al., 2002). Wider row spacings can 

avoid the exploitation of water into the subsoil between 

rows where sunflower plant has only a single taproot 

(Diepenbrock, 2001). Row spacing is known to have 

impact on the sunflower growth and yield (Kazemeini 

et al., 2009). Increase in achene yield observed with 

increase in row spacing. In case of 1000-achene weight, 

increase was observed with increasing row spacing and 

decrease with increasing plant population 

(Diepenbrock et al. 2001). Seed oil contents were 

influenced by row spacing but differences were not 

biologically important. Results from the studies indicate 

greater potential for yield enhancement from narrow 

row production with oil seed hybrids (Johnson et al., 

2003). This study is aimed on following objectives. 

 To evaluate the effect of row spacing on yield of 
sunflower 

 To evaluate the effect of irrigation at different growth 
stages of sunflower  

MATERIALS AND METHODS 

Site and soil analysis: The experiment was carried out 

at research area of Department of Agronomy, 

University of Agriculture Faisalabad. The soil was sandy 

clay loam in texture and with good drainage. Before 

sowing, soil analysis was carried out. 

Table 1:  Soil analysis of experimental site 

Determination Unit Value 

pH - 8.0 

EC dS/m 1.35 

Organic Matter % 0.78 

Total Nitrogen % 0.048 

Available Phosphorus ppm 9.10 

Available Potassium ppm 138 

Experimental design and treatments: The 

experiment was laid-out in RCBD with split plot 

arrangement with three replications. The size of plot 

for this experiment will be 3m x 5m. The experiment 

was comprised of two row spacing (60 and 75 cm) in 

main plot while four irrigation levels (full irrigation, 

irrigation missed at beginning of stem elongation, 

beginning of flowering and achene filling stage) were 

placed in subplot. 

Crop husbandry: The experimental field was wetted 

by heavy irrigation (locally called rouni) and seedbed 

was prepared by cultivating the soil 2-3 times with 

tractor mounted cultivator, each followed by planking 

when the field was at proper moisture condition. The 

sowing of crop was done on August 6, 2011. Fertilizer 

was applied @ 137 kg N, 56 kg P2O5 and 60 kg K2O ha-1. 

Urea, Di ammonium Phosphate (DAP) and murate of 

potash were used as sources of fertilizers.  Half of N, full 

phosphorus and potash were applied at sowing, 

remaining N was applied with first irrigation in the 

plots to be irrigated. All other agronomic practices were 

kept normal and uniform for all the treatments. 

Data recording and analysis: Data about yield 

parameters and oil content such as plant height, 

number of achenes per head, 1000-achene weight, 

biological yield, achene yield was taken by standard 

procedures. Oil contents were determined by Soxhlet 

Fat Extraction method (A.O.A.C., 1990).  Statistical 

analysis was done by Fisher’s analysis of variance 

technique. Least Significant Difference test was used for 

comparison of treatment differences keeping 

probability at 5% (Steel et al., 1997). 

RESULTS AND DISCUSSION 

Plant height at maturity (cm): Row spacing had 

significant effect on the plant height. Plots with 60 cm 

apart rows (S2) had higher plant height (149.3 cm) than 

that in plots with 75 cm (S1) apart rows (135.9 cm). 

Effect of irrigation on plant height was also found to be 

significant. Plants provided with normal irrigation (I1) 

produced the highest plant height (151). Plant height 

was at par in plots stressed at beginning of flowering 

(I3) and achene filling stage (I4). While the minimum 

height was attained in plants stressed at beginning of 

stem elongation (I2).  The interaction of row spacing 

and irrigation levels was non-significant. Reduction in 

plant height due to stress at stem elongation stage was 

due to loss of turgor resulting in reduction in cell 

division and elongation. These results confirmed the 

results observed by El-Hafez et al. (2002) indicated that 

reduced irrigation intervals lead to decrease plant
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height. Aiken and Stockton (2001) also reported that 

the maximum plant height was in case of normal 

irrigation. 

Number of Achenes Head-1: Effect of row spacing was 

found to be significant on achenes head-1. Achenes 

head-1 increased with increase in row spacing to 75 cm 

(S2) while row spacing of 60 cm (S1) produced lesser 

number of achenes per head (563.58). Achenes head-1 

were also significantly affected by different irrigation 

levels. Number of achenes head-1 (642.33) was the 

highest statistically in normal irrigated plots (I1) 

followed by plots stressed at beginning of flowering 

(589.23). Minimum results (543.00) were obtained in 

case of plants stressed at beginning of stem elongation 

(I2) which was statistically at par with treatment where 

stress. Reduction in number of achenes head-1 in 

sunflower as a consequence of reducing irrigation 

frequency has been reported by Kakar and Soomro 

(2001). Increased achene number for sunflower hybrid 

in case of narrow row spacing was also reported by 

(Calvino et al., 2004). 

1000-grain weight (g): According to data, effect of row 

spacing on 1000-grain weight was found to be 

significant. The minimum 1000-achene weight (42.6 g) 

was attained in case of 60 cm wide rows (S1) while 75 

cm row spacing (S2) had shown greater 1000-achene 

weight (47.2 g). Effect of irrigation on 1000-achene 

weight was also significant. Achene weight was 

maximum (50.5 g) in unstressed plants provided with 

full irrigation (I1). The achene weight in case of plots 

stressed at beginning of flowering (I3) and achene 

filling stage (I4) was lower than control but statistically 

par with each other. The minimum achene weight (39.6 

g) was produced in treatment where irrigation was 

missed at the beginning of stem elongation. The 

interactive effect of irrigation and row spacing was 

non-significant. Reducing the row spacing by 15 cm 

resulted in reduction of 1000-achene weight. The 

similar effect was recorded with reducing the row 

spacing earlier by Johnson (2003). 

Economic yield (t ha-1): The achene yield was 

statistically significant for row spacing and irrigation 

levels. Achene yield increased with increasing row 

spacing from 60 cm to 75 cm. At 75 cm apart row 

spacing (S2) achene yield was higher (2.43 t ha-1) which 

was reduced to (2.43 t ha-1) in case of 60 cm row 

spacing (S1). 

Table 2: Effect of irrigation and row spacing on autumn planted sunflower. 

Treatment 
Plant height Achene head-1 

1000-achene 

weight 
Achene yield 

Biological 

yield 
Oil content 

(cm) (No.) (g) (t ha-1) (t ha-1) (%) 

S1 149.3 a 570.58 42.6 b 2.43 b 9.93 b 35.67 

S2 135.9 b 602.64 47.2 a 2.97 a 10.02 a 37.58 

LSD 11.97 NS 2.481 0.233 0.0537 NS 

I1 151.0 a 643.33 a 50.5 a 3.04 a 10.19 a 41.09 a 

I2 133.8 c 543.00 c 39.6 c 2.42 c 9.65 d 37.75 b 

I3 143.3 b 589.23 b 43.4 b 2.80 ab 10.09 b 34.48 c 

I4 142.2 b 570.89 bc 46.1 b 2.55 bc 9.97 c 33.16 d 

LSD 5.057 31.829 2.860 0.269 0.0299 2.338 

S1 I1 158.7 611.33 50.0 2.77 10.1 b 39.64 ab 

S1 I2 142.3 542.00 36.9 2.09 9.62 e 36.88 cd 

S1 I3 149.0 572.67 40.1 2.61 10.06 bc 31.60 f 

S1 I4 147.0 556.33 43.3 2.27 9.93 d 34.54 de 

S2 I1 143.3 675.33 50.9 3.31 10.27 a 42.55 a 

S2 I2 125.3 544.00 42.3 2.75 9.67 e 38.61 bc 

S2 I3 137.7 605.79 46.7 2.99 10.11 b 37.37 bcd 

S2 I4 137.3 585.45 48.9 2.83 10.015 c 31.78 ef 

LSD NS NS NS NS 0.0616 2.733 
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Irrigation had significant effect on achene yield. Achene 

yield reduced with the exposure of plant to drought 

stress at any stage. But minimum achene yield (2.42 t 

ha-1) was in case of plots stressed at beginning of stem 

elongation (I2) which was statistically at par (2.55 t ha-

1) with treatment in which irrigation was missed at 

achene filling stage (I4). Plots which were exposed to 

stress at the beginning of flowering by missing 

irrigation had achene yield (2.80 t ha-1) statistically 

similar with that where stress was imposed at achene 

filling stage (I4). The decrease in achene yield with 

narrow row may be attributed to smaller 1000-achene 

weight. Similar results were reported by Diepenbrock 

et al., 2001 and Jose et al., 2004. 

Biological yield (t ha-1): The biological yield was 

significantly affected by different row spacing and 

irrigation levels. In case of row spacing, maximum 

biological yield (10.02 t ha-1) was observed in row 

spacing 75 cm (S2) while row spacing of 60 cm (S1) 

produced the lowest biological yield (9.93 t ha-1). 

Irrigation also had significant effect on crop biological 

yield. The maximum biological yield (10.19 t ha-1) was 

obtained in case of plots provided with full irrigation 

(I1) followed by treatment in which irrigation was 

missed at beginning of flowering (I3) having biological 

yield (10.09 t ha-1). The minimum biological yield (9.65 

t ha-1) was obtained in treatment where stress was 

imposed at beginning of stem elongation (I2). Plots in 

which plants were exposed to water stress by missing 

irrigation at achene filling stage (I4) had significant 

biological yield (10.17 t ha-1) than control. 

The interaction effect of irrigation and row spacing had 

also significant effect on the biological yield. Biological 

yield was reduced in all treatments stressed at any 

stage during the season. Maximum yield (10.27 t ha-1) 

was observed in case of unstressed plots at 75 cm row 

spacing (I1S2). While plots with 60 cm row spacing 

provided with full irrigation had attained the biological 

yield (10.10 t ha-1). Lowest biological yield was in case 

of plot stressed at stem elongation and sown at 60 cm 

row spacing (I2S1) and was statistically at par (9.67 t ha-

1) with plots at 75 cm row spacing and stressed at 

beginning of stem elongation (I2S2). Conner et al. 

(1995) have reported the reduction in biological yield 

when sunflower was grown under dry land conditions 

without supplemental irrigation. 

Achene oil content (%): The effect of row spacing on 

oil content was not significant while irrigation had 

significant effect on oil content of sunflower. The oil 

content (41.09%) was maximum in case of full 

irrigation (I1) followed by (37.75%) plots stressed at 

beginning of stem elongation (I2). The minimum oil 

content was observed in plots where irrigation was 

missed at achene development (I4). 

The interaction effect also found to be significant. The 

maximum oil content was observed in plots having 75 

cm row spacing and provided with full irrigation (I1S2) 

followed by plots with 60 cm apart rows and 

unstressed (I1S1). Oil content was lowest in case of plot 

as with 60 cm row spacing and stressed at beginning of 

flowering (I3S1) which was statistically similar with 

treatment stressed at achene filling and sown at 75 cm 

apart row spacing (I4S2). 

These results verify the findings of Ardakani et al. 

(2005) who reported that water stress treatments, no 

irrigation at any stage reduced oil percent. Flagella et al. 

(2002) also reported that oil percentage increased with 

irrigation and lowest value of oil percentage was 

recorded from severe stress. 

CONCLUSION 

The general conclusion for this study is that sunflower 

sown in autumn season gave higher yield when sown at 

75 cm row spacing. Missing the irrigation at any stage 

reduced the yield of sunflower. Irrigation missed at 

beginning of flowering gave the better benefit cost ratio 

than other treatments which were exposed to stress. 

The best yield only produce when sunflower was sown 

at 75 cm and irrigated throughout the season. In case of 

water unavailability, missing one irrigation at flowering 

gave the better results. 
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