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CHAPTER I 
INTRODUCTION 

Archaeological evidences reveal that cultivation of sunflower began in Arizona 

and Mexico about 3000 B.C. (Putt, 1997). In the 18th century, sunflower was introduced 

in Soviet Union as an ornamental plant (Sclmeczi-Kovacs, 1975) but in 1779 in the 

proceeding of Russian academy the first suggestion of extracting oil from sunflower 

seeds was recorded (Gundaev, 1971). 

Pakistan is chronically deficient in the production of edible oil and situation is 

getting worst day by day with alarming increase in population growth rate (Asif et al., 

2001). The indigenous edible oil production does not meet the growing demand of 

population. The graph of population and urbanization is continuously rising, outstretching 

the divergence between demand and domestic production. Rapid expansion of domestic 

oilseed production has been the major concern for decision makers because of mounting 

import bills and to save the country from facing a major contratrophic situation is not too 

distant a future. 

Oilseed crops in Pakistan can be classified as traditional (rapeseed, mustard, 

groundnut, sesame, linseed and castor bean) and non-traditional (sunflower, soybean and 

safflower). Among the non-traditional oilseed crops, sunflower can play an important 

role in narrowing the wide gap between production of edible oils in the country and its 

imports (Khan et al., 2003). The area, production and yield per unit area of sunflower has 

increased tremendously with the passage of time. It has the potential to produce the 

highest oil yield per hectare. Sunflower oil is generally considered a premium oil because 

of its light color, high level of unsaturated fatty acids, blend flavor and high smoke point. 

The primary fatty acids in the oil are, oleic and linoleic (typically 90% poly unsaturated 
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fatty acids), acids with the remainder consisting of palmitic and stearic saturated fatty 

acids. Sunflower can be grown almost all over Pakistan. It is a deep rooted crop, 

intermediate in water use, that can extract soil water from below root zones of normal 

small grain crops (Unger, 1984). The edible oil consumption in Pakistan during 2005-06 

was 2.905 million tons, where local production stood at 0.793 million tons, which 

accounted for 27 percent of the total, while the remaining 73 percent was made available 

through imports. During 2006-07 seed production of sunflower is provisionally estimated 

at 0.656 million tons and oil production is 0.249 million tons (Anonymous, 2007). 

Sunflower oil has an ideal combination of saturated and poly-unsaturated fatty 

acids, which are important for the reduction of high serum cholesterol levels, and its oil 

cake contains higher amount of protein (40-44%) and balanced amino acids 

(Balasubramaniyan and Palaniappan, 2001). Sunflower seed contain high oil content 

ranging from 35-40% with some varieties yielding up to 50% (Skoric and Marinkovic, 

1986) and oil contain carbohydrates (18.6%), protein (19.8%) and vitamin E (0.038%) 

(Mckevith, 2005). 

Sunflower is short duration crop and can be fitted well in our present cropping 

system with out bearing any major change in agriculture setup. Planting pattern plays a 

key role in increasing yield of sunflower (Hussain et al., 2001). Planting geometry not 

only affects plant growth and development by balancing the interplant competition 

(Malik et al., 1992) but also determines the distribution pattern of plants over a field, it 

directly affects solar energy interception and evaporation and indirectly affects water use 

efficiency. Narrow row spacing ensures more uniform distribution of plant over a given 
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area and makes a plant canopy more effective in intercepting radiant energy and shading 

weeds (Saeed, 1994).  

Among various factors responsible for low yield, water requirement of crop is the 

most important, because water has direct relationship with the growth, development and 

yield of crop. It is well known that efficient irrigation system is a pre-requisite for 

increasing agricultural production, since water is a basic input for agriculture. Despite the 

existence of one of the best canal irrigation canal network in the world, Pakistan still 

suffers from wastage of a large amount of water in the irrigation process. Irrigation is an 

important factor that directly influences the yield of sunflower and practically all the 

farmers realize its importance. Sunflower is a crop well adapted to drought and 

consequently it is being grown with increasing success in many semi-arid environments. 

In Pakistan, sunflower has the potential to be grown in both irrigated and rain fed areas of 

the country. Where precipitation and soil water supply are limited, sunflower responds 

positively to irrigation with respect to growth and yield (Unger, 1990). Judicious and 

timely application of irrigation at critical growth stages of sunflower increases yield 

considerably. The crop uses only 20-25% of its total water needed during the first 30 

days. However, the peak demand is during its reproduction stage (Ghani et al., 2000). 

The most critical period of sunflower yield determinants are anthesis and grain filling 

(Chimenti and Hall, 1992).  

Fertilizer is one of the basic input of agriculture and its timely availability is very 

crucial for agricultural production. Fertilizers need to be used rationally in order to avoid 

a negative ecological impact and undesirable effects on the sustainability of agricultural 

production systems. Excessive application of fertilizers also affects the farmer’s economy 
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(Conners and Hall, 1997). Soil nutrient depletion was more evident after the introduction 

of genetic material of high production potential. Highest yielding varieties / hybrids 

increased yield significantly and so crop nutritional requirements also rose (Diaz-zorita 

and Grosso, 2000 and Zubillega et al., 2000). Among macro-nutrients potassium is one of 

the most essential element for plant growth (Ayub et al., 1999). Potash plays a key role in 

increasing crop yield and improving quality of the product (Chaudhry and Mushtaq, 

1999). Potassium is known to develop resistance of crop plants to drought, salinity, 

excess of temperature, pest and diseases (Bajwa and Rehman, 1996). Potassium provides 

much of the osmotic pull that draws water into plant roots. Plants, that are K deficient, 

are less able to withstand water stress, mostly because of their inability to make full use 

of available water (Havlin et al., 2004) 

A little information is available on planting patterns, fertilizer management and 

irrigation requirement of sunflower crop. The present study is proposed to achieve the 

following objectives: 

• To optimize the appropriate levels of irrigation water amount at different stages of 

plant growth for maximizing achene yield; 

• To determine the suitable planting pattern for spring planted sunflower.  

• To determine the effect of irrigation at different growth stage and potassium fertilizer 

application rates on oil quality of sunflower. 

• To optimize potassium fertilizer requirement for mitigation water stress effects on 

spring planted sunflower under hydro-geological conditions of Faisalabad. 
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CHAPTER II 

REVIEW OF LITERATURE 

2.1 Planting pattern 

Okigbo (1972) while experimenting to determine the effect of spacing, plant 

population and cultivation on the yield and general performance of several synthetic and 

open pollinated varieties of maize reported that maize gave higher grain yield when sown 

on ridges than on flat. 

Harris et al., (1978) studied that high temperature during the development of the 

seed of sunflower was associated with a reduction in total oil yield. No moisture stress 

that also influence the yield of oil through their effects on growth and development of 

seed. Particularly high night temperature cause a marked reduction in the percentage of 

linoleic acid. Effect of temperature desaturase enzymes that are responsible for the 

conversion of oleic to linoleic acid. Radford (1978) investigated the effect of row spacing 

on the growth and yield of irrigated and rainfed oilseed flowers. General yield, oil levels 

and treatment responses were determined principally by water availability. Rows 36 cm 

wide out yielded 108 cm rows in five out of seven trials. Where paired rows were tested 

in three rainfed trials, no advantage over evenly spaced rows was recorded. 

Rawson and Turner (1982) evaluated that plants grown at a density of 5m-2 

maximum leaf areas per plant ranging between 0.2 and 2.2 resulted from using five 

cultivars of different maturity and imposing four different water treatments. Seed 

production increased with the number of irrigations supplied, and in the irrigated 

treatments it was positively correlated with time to anthesis. Seed production was 
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positively correlated with the maximum leaf area achieved by crops. The relationship 

between leaf area and seed yield was curvilinear across cultivars and irrigations. 

Chatha and Shakoor (1983) studied the effect of different planting methods under 

high rainfall conditions and found that planting of maize on raised beds in respect of 

grain yield was better than other planting methods. 

Ahmad (1984) observed a positive response of maize for grain yield and yield 

components to a suitable geometry. High grain yield of 4.30 t ha-1 was obtained by 

planting maize in 90 cm apart paired-rows against 4.15 and 4.00 t ha-1 in case of 60 cm 

apart single rows and 120 cm apart triple row. Beg et al., (1984) reported that planting on 

ridges give better germination in barani areas because furrow provides better drainage to 

rainwater. Ridge planted in irrigated areas is also helpful to provide efficient water 

management. The ridge can be raised even after flat planting when plants are one to two 

feet high. Its also help weed control. 

Khokhar et al. (1986) concluded the effect of five tillage depths with four planting 

patterns i.e. flat, ridge, tide and broad bed on the growth and yield of maize and reported 

non-significant effect of tillage on yield and yield components. The higher number of 

grains cob-1, 1000-grain weight, grain weight cob-1 and grain pith ratio were recorded in 

ridge sowing. They further observed that ridge planting gave 15% more grain yield than 

flat sowing. 

Gill (1987) evaluated that effect of different planting patterns, i.e. 60 cm apart 

single rows, 90 cm apart double row strips (90/30), and observed that plant height, dry 

metter contents were not affected significantly while leaf area index, head diameter, 

number of seeds per head, 1000 seed weight and seed and dry stalk yield were affected 
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significantly by various planting patterns. 90cm apart double row strips was better in all 

respects. 

Jafar et al., (1988) studied the effect of different planting patterns on the growth 

and yield of summer maize cv. ‘Akbar’. The treatments comprised single rows 60 cm 

apart (60x30 cm), single rows 90 cm apart (90x20 cm), 60x60 cm hills with two plants 

per hill, single rows 45 cm apart (45x40 cm), double-row strips 90 cm apart (30/90 cm) 

and triple –row strips 120 cm apart (30/120 cm). The results indicated that there was no 

effect of different planting patterns on plant population, plant height, number of cobs 

plant-1, grain weight cob-1 and 1000-grain weight. Whereas, number of grains cob-1 and 

grain yield ha-1 were influenced significantly by the different planting patterns. Maximum 

grain yield (5.05 t ha-1) was recorded in plots planted in the pattern of 90 cm spaced 

double-row strips (30/90 cm). Khaliq et al., (1988) reported that 75 cm apart ridge 

sowing took significantly less number of days to 50% tasseling and silking but produced 

higher grain weight cob-1, grains cob-1, grain and stover yield ha-1, harvest index, dry 

matter plant-1, CGR, NAR etc. than the other two methods and was followed by flat 

planting. 

Agha (1989) studied the effect of different planting patterns (80 cm spaced single 

rows, 120 cm spaced double row strips and 160 cm spaced triple-row strips) and 

intercropping on growth, yield and quality of maize and concluded that dry matter 

accumulation % in stalks, leaves and green ears of maize, plant height, LAI, number of 

plants-1, number of grains ear-1, grain and stalk yield, and grain-pith ratio increased 

significantly when the crop was grown in 120 cm spaced double-row strips. The number 

of days to 50% tasseling and silking was also reduced significantly. However, the grain 
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crude protein and oil content were not affected significantly by the different planting 

patterns. Akram (1989) grew sunflower in 60 cm apart single row and 90 am apart double 

row strips. He observed that the various growth, yield and quality parameters of 

sunflower such as plant population, plant height, head diameter, total number of seeds per 

head, seed weight per head, stalk yield, seed yield and oil contents remained unaffected 

statistically with different planting pattern. 

Bhagwan and Bhatia (1990) planted maize on ridges, furrows and flat. They 

concluded that maize grown on ridges and furrows gave higher grain and stover yield 

than that grown on flat. 

Nazir et al. (1991) conducted a field study to determine the effect of different 

planting patterns on seed yield, oil and protein content of sunflower at uniform plant 

population during the autumn and spring. Planting geometry comprised 60 cm spaced 

single rows (60x30 cm), 90 cm spaced single rows (90x20 cm), 90 cm spaced double row 

strips (50/90 cm), 120 cm spaced triple row strips (30/120 cm) and 60x60 cm hills with 

two plants per hill. Planting in 90 cm spaced double row strips produced significantly 

higher seed yield ha-1 than other planting patterns. Yields for this pattern were 4576 and 

3226kg ha-1 for spring and autumn crops, respectively. The minimum seed yield was 

recorded for 120 cm spaced triple-row strip planting pattern that was 4260 and 2983 kg 

ha-1 for the spring and autumn crop, respectively. Spring crop yielded significantly higher 

than autumn crop recording on an average 4411 and 3150 kg ha-1, respectively. Seed oil 

and protein content were not affected significantly by any of the planting patterns in both 

the seasons.  
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Malik et al., (1992) reported that two planting geometries (60 cm apart single 

rows and 90 cm apart double rows strips with 30 cm between lines of a strip), were tested 

for sunflower cultivar “SF-100” in a split plot design. The fertilizer levels affected the 

number of seeds per head and oil contents significantly while plant population and 1000-

seed weight remained non-significant. Shafi and Khan (1992) laid out an experiment on 

sugarbeet sown in different plantation methods. Emergence was the highest in plants 

raised on flat. The number of leaves per plant, root length and sucrose content were 

highest in the plants raised on ridges. The weight of root per plant was highest of the 

plants raised on ridges. Maximum root yield was obtained in the crop sown on ridges. 

Akhtar et al., (1993) studied the effect of planting geometry and water stress on 

the seed yield and quality of sunflower hybrid ‘SF-100’ under field conditions. Crop 

grown in 90 cm spaced double row strips exhibited significantly higher seed yield (29.1 q 

ha-1)than that grown in 60 cm spaced single rows (25.2 q ha-1). Similarly sunflower 

grown in double row strips gave higher seed oil contents (39.2%) than that planted in 

single rows (38.2%). Interactive effect of water stress and planting geometry was 

significant only on seed yield. The highest yield of 36.6 q ha-1 was obtained in crop 

receiving 5 irrigations and planted in 90 cm apart double row strips. Nazir et al., (1993) 

conducted a field trial of planting geometry comprised 60cm apart single row (60 x 

30cm), 90cm apart double row strips (30/90 x 30cm). The results revealed that seed 

weight per head, no. of seeds per head and seed yield were significantly affected by 

different planting patterns except head diameter. Higher seed yield (27 q ha-1) was 

obtained in plots planted in 90 x 30cm double row srtips. 
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Maqsood et al., (1994) reveals that the effect of two geometric configurations on 

yield and quality of sunflower which revealed that the highest seed yield of 19.16 

quintals  ha-1 was obtained from the plots planted in the pattern of 90 cm apart paired row 

strips as against 17.47 quintals ha-1 for the 60 cm apart single row planting system. 

Anonymous (1995) conducted an experiment on flat vs ridge sowing. It was 

concluded that the sunflower crop sown on 60 cm apart ridges was more beneficial than 

60 cm spaced flat sowing. Sidhu et al. (1995) investigated the effect of sowing dates and 

planting methods on hybrid sunflower and found that the highest seed yield was obtained 

from the crop sown on ridges. 

Fsechie et al., (1996) reported that the effects of three sowing pattern (ridge, 

furrow and flat) on the growth and yield of three sunflower hybrids. Seed and oil yields 

were higher in the ridge sown sunflower than those sown in furrows or flat patterns, the 

order beings ridge > flat > furrow. However, the magnitude of yield differences between 

ridge sown and flat sown sunflower sunflowers was not sufficiently high for compensate 

for the additional labour and materials required for making ridges. Based on this sowing 

on flat was recommended 

Kahloon (1997) evaluated that planting pattern did not significantly affect the 

number of plant per plot and biological yield per hectare but the plant height, leaf area 

per plant, head diameter, 1000-achene weight seed yield ha-1 and seed oil contents were 

influenced significantly. 60 cm (ridge sowing) show best results as compare to raised bed 

sowing (90/30 cm). Malik et al., (1997) studied the comparative performance of a new 

sunflower hybrid SF-100 under different planting techniques (60 cm apart single rows 

and 90 cm apart double row strips) and time of earthing up. The results revealed that stem 
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girth, plant height, head diameter and percentage of filled seeds head-1 remained 

unaffected by planting techniques. However, 1000-filled seed weight and seed yield were 

higher in 90 cm apart double row strips than 60 cm apart single rows. 

Anonymous (1998a) determined the effect of different sowing methods i.e. ridge 

sowing, double-row strips (50/100 cm) and conventional (70 cm spaced single-rows) on 

growth and yield of maize and concluded that ridge sowing with dibbler proved better 

than the conventional methods. Anonymous (1998b) reported the effect of various 

planting methods i.e. single rows (30 cm apart), double-row strips (30/90 cm apart), ridge 

sowing (60 cm apart), and raised bed sowing (90 cm) on growth, seed yield and oil 

quality of a new sunflower hybrid ‘SF-187’. The result led to the conclusion that seed 

yield was the maximum (2.60 t ha-1) when planting was done on ridges against the 

minimum (2.25 t ha-1) in 60 cm apart single rows. Increase in oil content up to 42.50% 

was also recorded when the crop was sown on ridges. Charanjit and Mahey (1998) 

conducted a field experiment at Ludhiana. Sunflower cv. MSFH-8 was sown on ridges or 

flat seedbeds. Seed yield was 2.04 and 1.73 tones on ridges and flat seedbeds, 

respectively. 

Solangi et al., (1999) determined the effect of planting methods (ridges and flat 

beds) on growth and yield of sunflower. Plant height was greater in flat sown but stem 

girth, seeds head-1 and seed yield were higher in ridge sown sunflower. Tunio et al., 

(1999) studied the influence of planting method on the growth and yield of sunflower 

grown at oilseed section, Agriculture Research Institute, Tandojam. The experimental 

variables included two planting methods such as ridge and flat bed and two cultivars viz; 

PSF-02-424 and HO-1. The results revealed that planting methods had non-significant 
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effect on the yield and its attributes. The variety HO-1 had tallest plants, more leaves, 

more stem girth, largest head size and more biomass yield under flat bed planting 

method. However, more seed yield was produced by variety HO-1 under ridge planting 

method. 

Ahmad et al., (2000) planted crop on three sowing method i.e. ridge, furrow and 

flat land. Results indicated that sowing method showed no significant effect on the 

emergence m-2, plant height. Head diameter, 1000-grain weight, grain yield and oil yield 

(kg ha-1) were significantly affected by different sowing methods. Maximum of 18.67 cm 

head diameter, 68.43 g 100-grain weight, 2229.74 kg ha-1 grain yield and 931.34 kg ha-1 

oil yield were obtained from ridge sown crop while furrow method had the lowest values 

for these variables. Mahal et al., (2000) investigated the effect of three levels of flood 

water, two methods of plantation (flat and ridge) and two levels of N (120 and 150 kg ha-

1). They concluded that sowing on ridges reduced the adverse effect of flooding and gave 

9.9% more yield than flat sowing. 

Hussain et al., (2001) investigates the growth and yield of spring sunflower as 

influence by planting geometry were conducted on a sandy loam soil. The planting 

geometry comprised of 60 cm apart single rows, 90 cm apart double row strips. The 

sunflower planted in 90 cm apart double row strips produced the highest seed yield of 

2.207 t ha-1. Sunflower planted in 90 cm apart double row strips was better in all respect 

than rest of the five planting patterns. Malik et al., (2001) reported that various planting 

patterns (60 cm apart single rows, 90 cm apart double row strip planting, 60cm apart 

ridge sowing and 90/30cm bed sowing) were used in the experiment. Amongst the 
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planting patterns ridge sowing (60 cm apart) produced the maximum seed yield (2600 kg 

ha-1) 

Andrade et al., (2002) observed that when row spacing was reduced, grain yield 

increases and radiation interception increases during the critical periods for grain was 

significantly and directly correlated in sunflower. Grain yield increase in response to 

narrow rows was closely related to the improvement in light interception during the 

critical period for grain set. Conley (2002) reported that crop yield was greater in the 7.5 

inch row spacing than in the 30 inch row spacing across cultivars. Preliminary data 

indicated that cultivar selection, crop row spacing and proper stand establishment are 

critical components in maximizing sunflower yield. 

Johnson et al., (2003) reported that results from the oil seed study indicated 

greater yield 33, 37, 24 and 16% from plants grown at 6, 12, 18 and 30 inch row spacing 

respectively. Seed oil contents was influence 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. Malik et al., (2003) 

conducted an experiment to see the influence of different nitrogen levels on productivity 

of sesame under varying planting geometry. The experiment comprised of three nitrogen 

levels (0, 40 and 80 kg ha-1 and four planting methods (single row flat sowing, paired row 

planting, ridge sowing and bed sowing). Various growth and yield parameters of the crop 

were influenced differently by various nitrogen levels and planting methods. Among 

sowing methods bed sowing (50/30 cm) gave highest seed yield (0.85 t ha-1) and seed oil 

contents (44.06%) against minimum seed yield of 0.57 t ha-1 and minimum oil content of 

42.28% recorded in case of flat sowing. Saif et al., (2003) carried out a field experiment 
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to study the effect of two planting patterns viz. 60 cm apart single rows and 30/90 cm 

apart double row strips (30 cm from row to row and 90 cm from strip to strip) and 

different irrigation levels viz. 0, 3, 4, 5 and 6 irrigations on growth and yield of maize. 

Planting patterns did not influence the growth and yield of maize but interaction between 

planting patterns and irrigation levels showed that maximum grain yield (7.49 t ha-1) was 

produced when plant spacing was kept at 30/90 cm apart; double row strips (30 cm from 

row to row and 90 cm from strip to strip) and 6 irrigations.  

Calvino et al., (2004) conducted a field trial, in experiment 1 and 2 minor water 

deficit; water availability accounted for 90% of the crop water requirement. Experiment 3 

with more severe water deficit developed around anthesis. Crop in experiment 4 were 

exposed to mild water deficit in all three critical stages and water stress was most severe 

in experiment 5. Yield response to narrow row was significant for Zenit in four out of 

five experiments. The response of grain number paralleled to yield response in Zenit 

where as grain number was more responsive to row distance than yield in the long season 

hybrids. Grain mass was larger in wide row crops in experiment 3-5 and was unaffected 

by row distance in the remaining trial. In experiment 3 narrow rows significantly reduced 

yield in Surcoflor, crop response to narrow rows and highlights the interaction between 

row spacing and water deficit. For crop with moderate or low deficit, yield did not 

respond to narrow rows when conditions were conductive to full interception in wide row 

crops and yield increased upto 15%. Changes in response of grain number to reduce row 

spacing ranged from nil to 25% increase. 

2.2 Irrigation  
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Browne (1977) concluded that seed yield was increased by 19 percent when final 

irrigation was applied 22 days after mid flowering, rather than at mid flowering. The 

higher yield resulted principally from an increase in the number of harvestable seeds. 

Higher frequency of irrigation further increased seed yield by 9 percent via increase in 

seed weight. In the second experiment in which all treatments were irrigated at a high 

frequency seed yield was increased by 30 percent and total oil yield by 48 percent when 

final irrigation was applied 16 days after mid flowering, rather than at mid flowering. 

Both seed weight and seed number were increased by the Later irrigation. No further 

yield improvement was achieved by extending the irrigation season to encompass 

physiological maturity (a mean 31 days after mid-flowering). 

Rawson and Turner (1983) grew early sunflower hybrid and irrigated once only at 

5 weeks, 7 weeks, 9 weeks or 11 weeks after sowing. There were also frequently irrigated 

and unirrigated treatments. The frequently irrigated treatments yielded most at equivalent 

to 2.24 t ha-1 in sucrose 150 and 3.69 t ha-1 in Manclurian, while the corresponding un-

irrigated yields were 1.05 t ha-1 and 1.97 t ha-1. Sobrado and Turner (1983) evaluated that 

water stress reduced shoot dry matter similarly in all species, however water deficits 

significantly reduced the seed yield. Unger (1983) reported that sunflower irrigated at 

budding were 19cm taller than those irrigated only at flowering or late flowering. 

Irrigation at budding also favored leaf and stem dry matter production. Irrigation at 

flowering or late flowering was important for head and especially seed development, 

which resulted in seed being a large part of total dry matter at the final sampling. Highest 

seed and total dry matter yield were obtained with the full irrigation treatment, but they 

were not always significantly higher than those resulting from fewer well timed 
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irrigations, namely those at flowering and late flowering. Irrigation treatments affected 

the rate of oil accumulation in seed and had a relatively small but significant effect on 

final oil percentage. Linoleic and oleic acid concentrations of oil were little affected by 

irrigation treatments. 

Fereres et al., (1986) evaluated the yield responses to drought of 53 sunflower 

genotypes. There was substantial variability among genotypes both in dry land yield and 

in yield potential, estimated as the yield under frequent irrigation. Water deficit reduced 

harvest Index (HI). Excellent correlations were found between HI and grain yield under 

dry land conditions. The reduction in HI due to water deficits was mostly due to 

adjustments in seed number with less variation in individual seed weight. In turn, the 

reduction in seed number was due to a combination of reduced head size and of the area 

having viable seeds. 

Al-Ghamdi et al., (1991) irrigated  (a) 5 (b) 10 (c) 15-day intervals corresponding 

to 40, 60 and 80% depletion of available soil moisture respectively. Maximum plant 

height and seed yield were significantly lower in (c) than in (a) or (b) seed yield in 1987 

was 3.11 t ha-1 in (a) and 2.37 t ha-1 in (b). In 1988 maximum plant height, DM yield and 

100 seed weight decreased with longer intervals between irrigations and seed yield was 

significantly lower in (c) (2.32 t ha-1) than in (a) and (b) (average 3.34 t ha-1). 

Husain and Ismail, (1994) reported that all growth parameters showed reduction 

under salt and water stress condition. Salt stress together with moisture stress also 

adversely affected the growth rate. 

Sarkar and Chakraborty, (1995) Three irrigations produced significantly 

maximum head diameter and 1000- seed weight over 2 and 1 irrigations, whereas upto 2 
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irrigations sole crop of sunflower gave significantly higher values of yield components. 

Yield of sole sunflower increased with 3 irrigations over 1 irrigation. 

Debaeke at al., (1998) Reported that early sunflower growth was limited when the  

water availability was reduced during flowering. Full irrigation was effective for 

maximum grain production, because of a pronounced water deficit during most of the 

growing season. The corresponding yield increases were 1.4, 1.8 and 2.2 t ha-1 as 

compared with medium inputs or moderately irrigated. The best yields (upto 4.0 t ha-1) 

were observed in dry years under full irrigation. When drought occur before anthesis, 

grain yield and achene number m-2 were positively related. When drought occurs the 

achene number was decreased by water stress during the vegetative and flowering period, 

soil water depletion and water stress at flowering, which reduced achene production. 

Over the range 3000-12000 achenes m-2, potential 1000-seed weight can be obtained in 

the absence of stressful environmental conditions during grain filling. Oil concentration 

and grain yield increased together while oil and protein concentration were negatively 

related. Sufficient water is necessary during grain filling to achieve a high oil 

concentration. 

Bakhsh et al., (1999) study the effect of irrigation frequencies i.e. 0,2,4,6 and 8. 

The parameters like plant height, head diameter, number of grains per head, 1000-grain 

weight and grain yield per hectare were significantly affected by irrigation levels and six 

irrigations were found optimum for obtaining good yield of sunflower. On the basis of 

research findings, six irrigation are recommended for sunflower crop to obtain maximum 

seed yield under irrigated condition. D’Amato et al., (1999) reported that limited water 

irrigations in number of one irrigation, at the “beginning flower stage” (BF) with 686 m3 
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ha-1, or of two irrigations at “flower bud stage” (BF) and at “beginning flower stage” 

(BF) with 956 m3 ha-1 or at “beginning flower stage” (BF) and at “middle seed growth 

stage” (MG) with 1155 m3   ha-1, gave yields of 3.1, 3.3 and 3.5 t ha-1 respectively. The 

yield obtained with three irrigations (volume 1509 m3 ha-1), distributed in “FB”, “BF” 

and “MG” stages (3.7 t ha-1 in achene yield) were higher than the yield obtained with the 

smaller irrigations volumes (686 and 956 m3 ha-1). Razi and Assad, (1999) reported that 

water stress significantly decreased yield and its components, however, oil content did 

not differ significantly. Genotype and phenotype correlation revealed that seed yield had 

significant positive correlations with Head diameter, Plant Height, 1000-seed weight and 

oil yield under normal and limited irrigation. Seed yield had significant correlations with 

oil content under normal irrigation regime, while these correlations were largely reduced 

under stress conditions and were not significant. The highest direct effect, was exhibited 

by 1000-seed weight in normal and limited irrigation environments. Direct effect of oil 

was quite lower than its correlation with seed yield. The lowest direct effect was found 

for plant height and oil content under normal and stress environments, respectively. 

Ghani et al., (2000) evaluated the effect of different levels of irrigation (2, 4 and 6 

irrigations) on growth and yield characteristics of sunflower varieties Gimsun-94 and 

Gimsun-256. Head diameter, no. of seeds per head and 1000-seed weight of both 

varieties were affected significantly by various irrigation frequencies. The maximum seed 

yield of 3119 kg ha-1 was obtained with six irrigations against 2200 kg ha-1 with two 

irrigations. Hussain et al., (2000) Tested two sunflower genotypes under three moisture 

level, i.e. 100,50 and 25% of field capacity. Water stress increased the net assimilation 

rate where as it decrease the leaf area ratio. The water stress had no effect on relative 
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growth rate. A very low and negative correlation was found between net assimilation 

rate, achene yield and oil yield where as relative growth rate had a very low and positive 

correlation with both achene yield and oil yield. Leaf area ratio had positive and 

significant correlation with achene and oil yield. Khan et al., (2000) concluded that a 

decreasing trend in head diameter, number of achene’s per head, 100-achene weight and 

achene yield per plant to as observed as the level of water stress increased from 100% to 

25% of field capacity. Seed oil content was very sensitive to even mild water stress but 

showed stability under increasing stress conditions. 

Aiken and Stockton, (2001) reported that supplemental water treatment were 

applied to sunflower during vegetative, reproductive, or both growth stages. Seed yield 

ranged from 2100 to 2700 kg ha-1. Supplemental irrigation increased seed yields by 480 

kg ha-1 each year. Erdem et al., (2001) study the influence of limited irrigation on growth; 

seed yield and yield components. Five irrigation treatments were applied, designated as 

T1 full irrigation and T2, T3,T4 and  T5 received 75, 50, 25 and 0% of applications of the 

fully irrigated treatment on the same day. Seed yields averaged highest with full irrigation 

treatment (T1) and differences between full irrigation and other treatments were 

significant. Kakar and Soomro (2001) exposed that there were significant differences 

among the water stress treatment for all the growth and yield parameter, seed yield and 

seed oil content. Four regular irrigations with 10 days interval and first irrigation after 40 

days after sowing (DAS), produced significantly higher seed yield of 931 kg ha-1 with 

41.81% seed oil content was recorded for four regular irrigations followed by three and 

two irrigations, giving 918 and 620 kg ha-1, respectively. Oad et al., (2001) evaluated that 

maximum and satisfactory seed yield (2560 kg ha-1) was observed in the V-shaped 
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furrows irrigated with four irrigations as compared with the yield of 1550 and 650 kg ha-1 

from three and two irrigations. Tahir and Mehdi, (2001) evaluated in the field under 

normal and water stress condition. Head Diameter, 100-achene weight and seed yield per 

plant were reduced under water stress. Significant but negative correlation of Head 

diameter with fresh shoot weight was observed under water stress. Positive and 

significant correlation existed between dry shoot weight and seed yield per plant under 

water stress conditions.  

Chimenti et al., (2002) found a significant effect of drought on biomass at the end 

of anthesis and at physiological maturity, grain yield, grain size and harvest index. Yield 

maintenance under drought conditions was attributable to variations in post-drought shoot 

biomass increase and HI increase. Flagella et al., (2002) reported that yield and its main 

components were positively affected by irrigation with regard to fatty acid composition, a 

decrease in oleic and stearic acid and an increase linoleic and palmitic acid were observed 

under irrigation. The decrease in the oleic/linoleic acid ratio observed under irrigation. 

Santonoceto et al., (2002) evaluated that dry matter, oil and oleic acid contents were 

higher in the three irrigated treatments than the rainfed one. Differences in the 

accumulation rate of linoleic acid were less marked. A progressive weight reduction was 

then observed, particularly marked in I100, which at maturity was between 27.3 and 

48.2% of the maximum values. Seed yield per plant increased until the fifth sampling at 

which all differences among treatments were significant (38.3, 60.7, 79.4 and 97.3g, 

going from I0 to I100). Tahir et al., (2002) evaluated inbred lines of sunflower under water 

stress and normal irrigation. The maximum decrease was observed in yield per plant that 

was 34.13% when compared with that of under normal irrigation condition followed by 
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leaf area and 100-achene weight with 25.56 and 22.63% decrease under water stress 

condition respectively. 

Calvino et al., (2004) conducted a field trial, in experiment 1 and 2 minor water 

deficit; water availability accounted for 90% of the crop water requirement. Experiment 3 

with more severe water deficit developed around anthesis. Crop in experiment 4 were 

exposed to mild water deficit in all three critical stages and water stress was most severe 

in experiment 5. Yield response to narrow row was significant for Zenit in four out of 

five experiments. The response of grain number paralleled to yield response in Zenit 

where as grain number was more responsive to row distance than yield in the long season 

hybrids. Grain mass was larger in wide row crops in experiment 3-5 and was unaffected 

by row distance in the remaining trial. In experiment 3 narrow rows significantly reduced 

yield in Surcoflor, crop response to narrow rows and highlights the interaction between 

row spacing and water deficit. For crop with moderate or low deficit, yield did not 

respond to narrow rows when conditions were conductive to full interception in wide row 

crops and yield increased upto 15%. Changes in response of grain number to reduce row 

spacing ranged from nil to 25% increase. Goksoy et al., (2004) reported that seed yield 

and oil yield increases for the limited irrigation treatments were; 78.7 and 77.4% for 

H60FM; 77.4 and 78.9% for H40FM; 72.2 and 75% for HF60M; 76.4 and 79.2% for 

HF40M; 72.7 and 73.6% for HFM60; 77.6 and 76.1% for HFM40. Therefore, we confirm 

that HFM irrigation id the best choice for maximum yield. 

Ardakani et al., (2005a) showed the non-significant differences for biological yield, 
seed oil percent among water treatments but other characters showed some significant 
differences. The effect of water stress on total dry matter, Net Assimilation Rate, 
Relative Growth Rate, Crop Growth Rate, and Leaf Area Index were significant. 
Ardakani et al., (2005b) reported that water stress treatments, no irrigation at any 
stage reduced seed yield and to decreasing of yield components such as seed number 
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and seed weight. Head Diameter, harvest index, oil percent, oil yield and growth 
indices also were reduced by them. Cargnel et al., (2005) reported that Irrigation 
increased leaf area, crop growth rate, biomass and yield, and delayed reproductive 
development. Light interception was greater at narrow row spacing. Daneshian et al., 
(2005a) showed that yield decreased when stress occurred on soyabean. Stress caused 
plants to abort flowers and pods. The ratio of seed and pod numbers in main stress to 
total seed and pod number were the highest when stress intensity was increased. 
Applying potassium increased pod number and weight on main stem nodes. When 10 
g m-2 was applied, seed and pod number were increased on all fertile nodes on main 
stems. Potassium was more effective when stress intensity was more. Daneshian et 
al., (2005b) investigated the irrigated treatment as normal condition (60mm 
evaporation from Pan) and irrigated as stress condition (180mm evaporation from 
pan). Phonologic, morphologic, agronomic characteristics were recorded under 
normal and stress condition for all genotypes. Normal condition show the highest 
yield, high seed per head and seed weight, oil seed content were descended in stress 
condition. Daneshian et al., (2005c) irrigation of control experiment was done based 
on 60mm evaporation from evaporation basin. Second experiment irrigated when 
180mm water was evaporated from evaporation basin. Drought stress started before 
reproductive stage. Results showed that water stress reduced seed yield due to 
decreasing of yield components such as head diameter, seed number, seed weight and 
plant height. Effective seed filling period, harvest index, leaf area index, and seed oil 
content were also decreased by drought. El-Ganayni, (2005) Four irrigation 
treatments, i.e. 80, 60, 40 and 20% of available soil moisture were tested. Potassium 
levels were 57, 86, 115 and 144 Kg K2O ha-1. The obtained data showed that 
irrigation gradually increased products of most traits including grain yield. The 
interaction showed insignificant effect on most studied traits. It was concluded that 
80% available soil moisture in combination with 57 or 86 Kg K2O ha-1 produced the 
highest grain yields. Erdem et al., (2005a) Irrigations were started when crop water 
stress index values reached 0.2, 0.4, 0.6, 0.8 and 1.0 (non-irrigated). Total irrigation 
water amounts of 679, 584, 470 and 227 mm were applied to the T0.2, T0.4, T0.6 and 
T0.8 treatments were not significantly different from the T0.2 treatment. Erdem et al., 
(2005b) evaluated that yield response factor and yield were determined under the 
condition of which 0, 25, 50, 75 and 100% of water requirement was applied during 
the whole growing season for all crops. The seasonal evapotranspiration (ET) and 
yield of all crops were the highest in the control treatment which was designated to 
apply 100% water requirement and the lowest in the non-irrigation treatment. 
Hammadeh et al., (2005) evaluated two water treatments (a) well watered conditions; 
(b) continuous 30 day drought period, ending at anthesis then full irrigation. 
Significant differences were observed between irrigated and water stressed plants for 
leaf area. Nasri (2005) concluded that water stress decreased oil percent, oil yield, 
yield and component of yield in plants. Harvest index (HI) decreased in water deficit. 
Water stress increased nitrogen concentration in leaves, but decreased phosphorus 
and potassium. Rad et al., (2005a) The result showed that last irrigation time and 
cultivar had significant effects on oil content and yield at 1% probability. There were 
positive correlation between plant height and seed weight, oil seed content and seed 
yield and biological yield, seed yield and biologic yield and harvest index. Rad et al., 
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(2005b) Study water deficit effect at development stages. Six water deficit levels 
including of normal irrigation, no irrigation from germination to rosset, no irrigation 
at stem elongation, no irrigation at flowering, no irrigation at silque formation and no 
irrigation at seed filling. The result showed that irrigation had significant effect on 
yield and yield component at 1% probability. When plants were exposed on water 
deficit at flowering stage, the silques number were decreased significantly. Roshdi et 
al., (2005) reveals that maximum number of seeds in each tray belonged to the 
treatment of irrigation after 90mm of evaporation and the highest weight of one 
hundred seeds belonged to the irrigation after 60mm of evaporation. 

Aiken and Lamm, (2006) reveals that supplemental irrigation scheduled by the 

water balance method results in higher yields. Yield reductions depend on the degree of 

plant water stress at critical stages of growth. Irrigated sunflower yield ranged from 2200 

to 2900 kg ha-1. When supply of water limits crop water use, seed yields are frequently 

limited as well. 

2.3 Potash application 

Sarkar et al., (1987) while assessing the response behavior of increasing doses of 

K demonstrated that there was an optimal level for each of the physiological parameters 

viz. leaf area index, crop growth rate and net assimilation rate for ensuring high yield 

potential. These values were noted against the seed yield recorded at about 1.9 t ha-1 with 

the use of 60 kg K ha-1 which could be denoted as the optimum input requirement of this 

nutrient under the existing set of conditions.  

Glas et al., (1988) reported that K had a negative influence on sunflower seed oil 

content and the proportion of fatty acids. K deficiency reduced seed yield, oil contents 

and unsaturated / saturated fatty acid ratio. Morizet and Martel (1988) in a pot experiment 

found that K improved photosynthetic activity of sunflower with significant improvement 

in water utilization. Moreover, K fertilizer lowered the water potential of the leaf and 

displaced the critical level of stomata regulation with the result that roots were better able 

to exploit water reserve. 
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Ahmad (1989) working on sunflower concluded that plant height, stem girth, head 

diameter, number of seeds head -1, seed weight head -1, 1000-grain weight were positively 

affected by the application of K. Highest yield was obtained with 75-150-125 NPK Kg 

ha-1. Li and Guan (1989) grew sunflower in a pot trial and reported that application of 

113 kg KCl ha-1 increased fresh weight of 4-week old seedlings, number of seeds plant 1 

and 1000-seed weight by 25.38,47.20 and 11.76%, respectively, compared with the 

control. In a parallel field trial plots receiving 113 and 223 kg KCl ha-1 gave highly 

significant yield increase. Yields were 2.62 and 2.98 t ha-1 as against 2.45 t in the control. 

Lindhauer (1989) cultivated sunflower plants in pots containing 12 kg of soil fertilized 

with 0.6gK (K1) and 5gK/pot (K2). At visible sings of sever wilting plants were re-

watered. During all growth stages and even under water stress conditions upto five times 

higher K concentration in the tissue of K2 plants cause an increase in dry matter 

production and larger total leaf area that was relatively little reduced under water stress 

than the leaf area of K1 plants. 

Lewis et al., (1991) found increase in seed yield with K application. Oil 

concentration of sunflower seed ranged from 40.60% to 45.30%. Mehmood (1991) 

observed the effect of different levels of  ‘K’ on the growth and seed yield of spring 

sunflower and found that parameter like leaf area, dry matter percentage, head diameter, 

number of achenes per head were affected significantly by K application. Application of 

K beyond 100 kg ha-1 did not increase seed yield ha-1. K application did not affect protein 

contents and harvest index.. 

Ahmad et al., (1992) revealed that all yield components were positively affected 

by K application along with a uniform N and P combinations. However, higher yield 
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(36.12 q ha-1) was obtained in 75-50-125 kg NPK ha-1 treatment. It was further revealed 

that 50 kg K ha-1 with 75-50 kg NP ha-1 proved optimum for higher oil contents (40.20%)  

Ahmad (1993) examined increase in leaf area, stem girth, head diameter, number 

of achenes head1, 1000-achenes weight, harvest index and oil content of sunflower with 

100 kg K2O ha-1. Number of plants and plant height was non-significant. Tahir (1993) 

reported that sources of potash proved to be non-significant but head diameter, number of 

seeds head-1, seed yield increased over control. 100 kg K2O ha-1 proved to be best dose 

for sunflower over all other treatments regarding above mentioned parameters. 

Ramzan (1994) noted significant effect of K2O on leaf area, plant height, stem 

girth, stalk yield, biological yield and oil content of sunflower. Yield and head diameter 

was non-significant. However, highest mean seed yield was obtained with 75 kg K2O ha-1 

Pervaiz (1996) evaluated that different level of potassium did not affect the 

number of plants per plot, plant height, head diameter, 1000-achene weight and harvest 

index, leaf area, stalk yield, number of achene head-1, seed yield and seed oil contents 

were affected  significantly with different levels of K application. Seed yield was 

significantly affected by increase in potash levels upto 100 kg ha-1. Maximum oil 

contents (43.27%) in seed was provided by 100 kg ha-1. 

Ayub et al., (1999) evaluated that different levels of potash at 0, 50, 100 and 150 

kg ha-1. different levels of K did not significantly affect the plant height, stem diameter, 

1000-achene weight and harvest index. However, leaf area per plant, stake yield, number 

of achenes head-1, seed yield and oil contents were affected significantly by K2O levels. 

A significant increase in seed yield and oil contents more than 100 kg ha-1. The 

application of potash more than 100kg ha-1 seems to be uneconomical to sunflower in 
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Faisalabad conditions. Chaudhry and Mushtaq, (1999) reported that potash levels 

significantly influenced the head diameter, no. of achenes per head, seed yield and 

protein contents, while plant height, 100-achenes weight and oil contents examined 

unaffected, statistically. The highest seed yield of 2.235 t ha-1 was obtained by applying 

75 kg K ha-1. For sunflower 75-100 kg K ha-1 is the optimum level, beyond this level the 

application of potash is not profitable. Khan et al., (1999) Studied that the highest 1000-

seed weight (53.71g) was obtained from the plot fertilized with 150 kg K ha-1, while the 

minimum 1000-seed weight (46.41g) was obtained in control plots. The highest seed 

yield (4153 kg ha-1) was also obtained in plots where 150 kg K ha-1 was applied. The 

lowest seed yield was recorded in control plots (3402 kg ha-1). It can be suggested from 

these results that potassium can be applied up to 150 kg ha-1 to obtain high seed yield of 

sunflower and to maintain the fertility regarding potassium level in the soil.     

Sadiq et al., (2000) evaluated that NPK increased plant height, head diameter and 

number of grains per disc. However, the increase in 1000-grain weight and grain yield  

ha-1 was upto 80:50:50 kg ha-1 NPK.  

Ahmad et al., (2001) reported that there was a progressive but non-significant 

increase in seed yield with each increase of K level except 300 Kg ha-1, which gave 

significantly more seed yield than control. K application significantly affected achene 

protein concentration of autumn, sunflower but differences were non-significant in spring 

season crop. The achene oil concentration was significantly affected by K application in 

both the seasons. Similarly, in autumn achene oil, stearic acid and linoleic acid 

concentrations were almost double than that of spring crop. Asif et al., (2001) evaluated 

that highest seed yield of 10.19 q ha-1 was obtained in plot fertilized with 100 kg K ha-1 
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as against the lowest of 6.95 q ha-1 in control treatment. Application of K beyond 100 kg 

ha-1 did not increase seed yield. The highest seed oil content (38.64%) was observed 

when fertilized with 250 kg K ha-1 as against the minimum (34.72%) when only N was 

applied @ 100 ka ha-1. 

Coker and Oosterhuis, (2004) evaluated that lint yield response to soil applied K was 
significant for irrigated (well-watered) cotton and tended to be positive, although not 
statistically significant, under dry land conditions in 2002. Across all locations and 
growing seasons, soil applied K (high soil K) has increased the mean irrigated cotton 
lint yield by 5.9% but had no significant effect on dry land cotton yield. Malik et al., 
(2004) reported that highest seed yield (1231.47 kg ha-1) was obtained when the crop 
was fertilized @ 130-90-90 kg NPK ha-1. Application of 130-90-90 kg NPK ha-1 
produce the heaviest achenes (74.63g/1000 achenes). Maximum achene  oil contents 
(42.17%) were produced in achenes from check plots (0-0-0 kg NPK ha-1). 

Fournier et al., (2005) reported that changes in nutrient potassium levels 

prompted no significant changes in growth, although there were evident differences in 

internal K+ content and water uptake capacity. Results suggest that water flux regulation 

could be impaired in K+-starved plants. 

On the basis of the entire literature search, it is concluded that very little research 

information is available to producers on planting patterns, potassium fertilizers 

application rates, and irrigation requirements of sunflower crop to obtain maximum yield 

at minimum inputs.  
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CHAPTER-III 
Materials and Methods 

3.1. Site and soil 

The experiments were conducted at the Agronomic Research Area, University of 

Agriculture, Faisalabad (31.25oN, 73.09oE, and 184m a.s.l.). The soil was sandy clay 

loam in texture and with good drainage. Before sowing, soil analysis was carried out in 

two growing seasons for each experiment (Appendix 3.1). All the analyses were done 

according to methods given in Handbook No. 60 (US Salinity Lab. Staff., 1954) except 

available P, which was determined by Olsen method (Watanabe and Olsen, 1965), and 

texture by Moodie et al. (1959).     

3.2.  Experimental details 

Two field experiments were conducted to study the response of sunflower to 

irrigation management under different planting patterns and potash levels. 

Investigations were carried out for two seasons during 2005 and 2006. The details of 

each experiment are given below. 

Experiment I: Irrigation management practices for different spring sunflower  

 (Helianthus annuus L.) planting patterns. 

Treatments  

A.  Planting Patterns   (Main plot) 

P1 = 60 cm spaced single row (flat sowing) 

P2 = 60 cm spaced single row (ridge sowing) 

P3 = 90 cm spaced double row strip (flat sowing) 

P4 = 90 cm spaced double row (Bed sowing)   
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B.  Irrigation Levels  (Sub plot) 

I0 = No Stress 

I1 = Water stress at pre-anthesis stage 

I2 = Water stress at anthesis stage 

I3 = Water stress at post-anthesis stage 

The experiment was laid out in randomized complete plot design with split 

arrangement and replicated three times. Net plot size was 3.6 x 7.0 m. Buffer plots 

of 1.2m between the sub plots were maintained to avoid the seepage/border effect of 

irrigation among various treatments. 

Experiment II: Determining optimum potassium requirement for mitigating water  

   stress effects in spring planted sunflower. 

Treatments  

A.  Irrigation Levels  (Main plot) 

I0 = No Stress 

I2 = Water stress at pre-anthesis stage 

I3 = Water stress at anthesis stage 

I4 = Water stress at post-anthesis stage 

B.  Potash levels (kg ha-1) (Sub plot) 

K0 = 0 

K1 = 50 

K2 = 100 

K3 = 150 
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Buffer plots of 1.2m between the sub plots were maintained to avoid the 
seepage/border effect of irrigation among various treatments. Net plot size was 
3.6x7.0m. 

3.3.  Crop Husbandry 
In each season 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. In each experiment sunflower was sown on 14th February during both the 

years. A seed rate of 8 kg ha-1 was used in both the experiments during both the years. 

Planting was done by dibbling and placing 3 seeds per hill at 25 cm distance from each 

other. After crop establishment, at 2-4 leaf stage one plant per hill was maintained. 

Fertilizer was applied @ 150 kg N and 100 kg P2O5 ha-1. Urea, Di ammonium 

Phosphate (DAP) and Sulphate of Potash (SOP) were used as sources of fertilizers. For   

Experiment-I, Potash sufficient field was selected and for Experiment-II Potash deficient 

field was selected after the physico-chemical analysis of different research plots. In each 

case half of N, full phosphorus and potash (In Experiment II) 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. Plant protection 

measures were adopted to keep the crop free from weeds, insect pests and diseases.  

3.4.  Irrigation Methodology  
 Crop was irrigated as per schedules suggested in both the experiments. Irrigation 

water was applied using a siphon tube (length = 5m, Diameter = 3 inch). Time for the 

application of measured quantity of water was calculated using the following formula: 

(Buland et al., 1994). 

    T     =      Ad/Q 

Where, 
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  t  = application time (hours) 

  A = field area (ha, m2) 

  d = depth of irrigation application (mm), and  

  Q = discharge, flow rate (m3sec-1). 

3.4.1.  Use of Siphon and Methodolgy. 

Plot area = 3.6 m x 7.0 m = 25.2 m2  

Depth of irrigation = 25 mm = 0.025 m   

Volume of water required = 25.2 m2 x 0.025 m = 0.63 m3 

Quantity required in L (Litre).  As 1 m3 = 1000 L 

For 25 mm (0.025 m) depth of water = 0.63 x 1000 = 630 L 

Length of siphon tube = 5 m 

Diameter of siphon tube = 3 inch  

Discharge from siphon (Length = 5 m, Diameter = 3 inch)  

after calibration = 60 L / min 

Time required to discharge 60 L water = 1 minute 

Time required to discharge 630 L water = 10 min. 30 Seconds   

So one siphon (Length = 5 m, Diameter = 3 inch) takes 10 min. and 30 seconds to 

discharge 630 L of water. 

Six siphon tubes were calibrated and shifted into three different plots. Water 

control barrier was prepared at cross channel area to make and control the flow of 

water. Time measurement was done with the help of stop watch and at measured 

time siphons were shifted to the other field.  

3.5.  Observations Recorded 
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Crop Establishment  

 Seedling count showed that uniform number of plants in each treatment was 

established in both the experiments during both the years. 

3.5.1.  Agronomic Traits, Yield and Yield Components 

        Following yield parameters were recorded. 

1. Plant population at harvest (plot-1) 

2. Plant height at maturity (cm) 

3. Head diameter (cm) 

4. Number of achenes head-1  

5. 1000-achene weight (g) 

6. Biological yield (kg ha-1) 

7. Achene yield (kg ha-1) 

The procedures followed for recording data on different crop parameters were as under: 

3.5.1.1. Plant population at harvest (plot-1) 

Total number of plants in each plot were counted at harvest. 

3.5.1.2. Plant height at maturity (cm)  

 Plant height was measured from the soil surface to the point of attachment of stem 

to capitulum on 10 randomly selected plants from the two central rows of each sub plot at 

physiological maturity. 

3.5.1.3. Head diameter (cm) 

 Head diameter was measured similarly on the same 10 plants from one edge of 

the head to the other with the help of a measuring tape. 

3.5.1.4   Number of achenes head-1. 
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 Five heads from each sub plot were selected at random and threshed 

separately. Number of achenes head-1 were calculated by the following formula. 

Number of achenes head-1 = Achenes weight per head 
                                               Average achene weight  

3.5.1.5  1000-achene weight (g) 

 Three samples each of 1000-achenes were taken at random from the seed lot of  

each sub plot, weighed on electronic balance and their average was calculated. 

3.5.1.6  Biological yield (kg ha-1) 

Weight of sun dried plants was recorded on plot basis and then converted into kg 

ha-1.  

3.5.1.7  Achene yield (kg ha-1) 

 After harvesting the matured plants, the heads were separated, sun dried and 

threshed manually. The achene yield plot-1 was recorded. The random seed samples from 

each plot were taken separately to determine moisture contents. The method involved the 

removal of all the moisture from the seed by heating to drive off the water in the seed. 

The seed samples were weighed and then heated at 70 °C in an oven till all the moisture 

was removed (A.S.A.E., 1977). The dry weight was determined. The difference of the 

two weights i.e. total moisture was divided by the initial sample wet weight and 

multiplied by 100 to obtain percent moisture that ranged between 30-35%. Thereafter, the 

plot yield was calculated at 8-10% seed moisture content accordingly and then converted 

to kg ha-1.       

3.5.2 Growth 

3.5.2.1 Sampling  
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In all, five harvests were made in both the experiments during both the years (Table 
3.1). On each occasion, five plants were selected from each plot leaving appropriate 
borders. The plants were cut at the ground level on all the harvest dates and taken to 
the laboratory for further processing. 

 

3.5.2.2 Measurements  

All measurements related to the growth and yield parameters were same for both 

the experiments in the two seasons. The plants were divided into leaves, stem, and heads 

(when appeared) and fresh weights were recorded separately. Then an appropriate sub 

sample of each fraction was oven dried to a constant dry weight at 80oC+3. Leaf area dry 

weights of each component were converted into m-2. 

3.5.2.3 Leaf area index (LAI) 

Leaf area was measured on an area meter (Licor, Model 3100). The leaf area index 
(LAI) was calculated as the ratio of leaf area to land area (Watson, 1947). 

3.5.2.4 Crop growth rate (CGR) 

Crop growth rate was calculated using the formula proposed by Hunt (1978): 

 CGR = (W2-W1) / (t2-t1)  g m-2day-1    

Where, W1 and W2 are the total dry weights harvested at times t1 and t2, respectively. 

3.5.2.5 Mean net assimilation rate (NAR) 

The mean net assimilation rate was estimated using the formula of Hunt (1978): 

 NAR = TDM/LAD   g m-2day-1   

Where, TDM and LAD are total dry matter and leaf area duration, respectively. 

3.5.2.6 Harvest index (HI) 

 The harvest index (HI) was calculated as the ratio of the achene yield to total 

biological yield (above ground biomass) and was expressed in percentage as follows:  

   HI % = Seed yield / Biological Yield x 100 
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3.5.3 Qualitative characteristics 

Chemical analysis of sunflower achenes was carried out for the determination of the 

following quality characteristics: 

1. Achene-oil content (%) 

2. Achene-protein contents (%) 

3. Achene-fatty acid profile (%) 

3.5.3.1 Achene oil content (%) 

 Oil contents were determined by Soxhlet Fat Extraction method (A.O.A.C., 

1990). Seeds were dried at 105 °C in an oven for about 8 hours. For moisture content 

analysis, seeds were weighed before and after drying. Two gram seeds per thimble were 

ground in a coffee mill for the analysis. Thimbles were weighed separately and ground 

seed was added and the final weight was recorded. The thimbles were placed in 

extractors. Six dry and clean 250 ml round bottom flasks were weighed and weights 

recorded. Solvent (petroleum ether) was added to flasks, they were connected to the 

extractors and placed on heating mantles, connected with condensers. 

  Flasks were heated and extraction was continued for at least 6 hours. Then I 

stopped extraction, removed thimbles and then reheated the flasks, so that all of the 

solvent could be collected in the Soxhlet extractors. Allowed the apparatus to cool and 

dried flasks at 105 °C for 1 hr. After cooling, the flasks and oil were weighed together. 

Percent oil content was calculated using the following equation 

% oil = wt. of flask + oil - wt. of flask      x 100    

             wt. of flask + seed – wt. of flask  

3.5.3.2 Achene protein contents (%) 
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The nitrogen content of achenes was also determined as an average of one sample 

from each of three replications by micro Kjeldahl method (AOAC, 1990). A 1g sample of 

dried and finely ground achenes was taken in a Kjeldahl flask. 11.5g of digestion mixture 

(K2SO4 + FeSO4 + CuSO4) in the ratio of 10:1:0.5 was added followed by 20 ml of 

H2SO4. The sample was boiled in digestion apparatus for 2-2.5 h until the contents 

became clear. The digested material was cooled and diluted up to 250 ml in a volumetric 

flask by adding distilled water. An aliquot 10 ml of this was transferred to the micro 

Kjeldahl distillation apparatus. It was mixed with 10 ml of 40% NaOH and distilled in a 

receiver containing 10 ml of 2 % boric acid solution with methyl red as indicator. 

 The contents of the distillate were titrated against standard sulfuric acid (N/10 

H2SO4) to light pink color end point. From the volume of acid used, percentage of 

nitrogen was calculated based on ammonia liberated. Nitrogen and crude protein (CP) 

percentage were worked out as under: 

Nitrogen percentage = Volume of acid used x 0.0014 x 250 x 100/ sample x 10 ml Crude  

    protein percentage = % nitrogen x 6.25   

3.5.3.3 Achene-fatty acid profile (%) 

The fatty acid composition was measured by Shamadzo Gas Liquid 

Chromatograph (GLC), Model CS-7 by using a glass column (2.1 m x 3.2 mm) packed 

with 3% SP2310/2 % / SP2300 coated chromosorb WAW on 100/120 mesh. For the 

analysis, column oven was operated at 230oC. Methylating solution of four-gram metallic 

sodium was used for preparing methyl esters of oil. 

3.5.4 Nutrient Uptake:  
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Chemical analysis of sunflower plant was carried out for the determination of the 

following nutrients uptake: 

1. N uptake in plant (kg ha-1) 

2. P uptake in plant  (kg ha-1) 

3. K uptake in plant (kg ha-1) 

 

3.5.4.1 Sample preparation: 

 Plant samples were oven dried at 60-70 °C to a constant weight. The oven dried 

plant material was ground to a powdered form with electric grinding machine and stored 

in clean dry plastic bags for chemical analysis 

3.5.4.2 Nitrogen uptake (kg ha-1) 

The nitrogen content of achenes, and stalk (including stem, leaf and head) was 

also determined as an average of one sample from each of three replications by micro 

Kjeldahl method (AOAC, 1990). A 1g sample of dried and finely ground achenes was 

taken in a Kjeldahl flask. 11.5g of digestion mixture (K2SO4 + FeSO4 + CuSO4) in the 

ratio of 10:1:0.5 was added followed by 20 ml of H2SO4. The sample was boiled in 

digestion apparatus for 2-2.5 h until the contents became clear. The digested material was 

cooled and diluted up to 250 ml in a volumetric flask by adding distilled water. An 

aliquot 10 ml of this was transferred to the micro Kjeldahl distillation apparatus. It was 

mixed with 10 ml of 40% NaOH and distilled in a receiver containing 10 ml of 2 % boric 

acid solution with methyl red as indicator. 

 The contents of the distillate were titrated against standard sulfuric acid (N/10 

H2SO4) to light pink color end point. From the volume of acid used, percentage of 
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nitrogen was calculated based on ammonia liberated. Nitrogen and crude protein (CP) 

percentage were worked out as under: 

Nitrogen percentage = Volume of acid used x 0.0014 x 250 x 100/ sample x 10 ml Crude  

    protein percentage  

Then from the standard curve, nitrogen concentration (%) in plant was calculated 

and then converted in plant uptake by multiply with yield. 

 

3.5.4.3  Wet digestion of plant samples (for Phosphorus and Potassium) 

One gram oven dried plant material was digested in diacid mixture (20 ml 

concentrated HNO3 and 10 ml of 72 % HC1O4), cooled the digest, transferred to 100 ml 

volumetric flask and made the volume with distilled water. (Method 54a, US Salinity 

Lab. Staff, 1954). 

3.5.4.4 Phosphorus uptake (kg ha-1)  

One gram oven dried plant material was digested in diacid mixture (20 ml 

concentrated HNO3 and 10 ml of 72 % HC1O4), cooled the digest, transferred to 100 ml 

volumetric flask and made the volume with distilled water. (Method 54a, US Salinity 

Lab. Staff, 1954). Five ml of the digested aliquot was taken in 50 ml volumetric flask, 

added 5 ml of ammonium vanadate (0.25 %) and ammonium molybdate (5 %), made 

volume and allowed to stand for 15-30 minutes. Reading was recorded on 

spectrophotometer at 410 nm. Then from the standard curve, phosphorus concentration 

(%) in plant was calculated and then converted in plant uptake by multiply with yield. 

3.5.4.5 Potassium uptake (kg ha-1) 
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 An aliquot from the digested material was taken and K+ was determined by a 

Jenway PFP-7 Flame photometer using K+ filter in place (Method 58a). Then from the 

standard curve, potassium concentration (%) in plant was calculated and then converted 

in plant uptake by multiply with yield.  

3.6 Economic Analysis 

The pooled experimental data were analyzed by using the methodology 

described  

in CIMMYT (1988). Net benefit and benefit-cost ratio were calculated. Net benefits 

were  

calculated by subtracting the total variable cost from the total benefits for each 

treatment combination.     

3.7 Weather Data 

All climatic data for both the seasons were obtained from meteorological station 
situated at experimental site and are presented in Appendix 3.2.  

3.8 Statistical Analysis 

The data were statistically analyzed by using the computer statistical program 

MSTAT-C (Freed and Scott, 1986). Analysis of variance technique was employed to test 

the overall significance of the data, while the least significant difference (LSD) test at 

P=0.05 was used to compare the differences among treatments means. 
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CHAPTER-IV 
RESULTS AND DISCUSSION 

Experiment No. I: Irrigation management practices for different spring sunflower  

        (Helianthus annuus L.) planting patterns. 

4.1.1 Agronomic traits, yield and yield components 

4.1.1.1 Plant Population plot-1  

Plant population provides a base and plays an important role in final yield of a 

crop. Data on plant population presented in Table 4.1 reveal that different planting 

patterns and irrigation levels did not significantly affect plant population during both the 

year i.e. 2005 and 2006. Mean plant population values ranged from 166 to 168 per plot.  

The interaction between planting patterns and irrigation levels also exhibited non-

significant difference among various treatment means. This may be probably due to 

excellent germination index and subsequent better husbandry management practices that 

ensured uniform plant density throughout the growing season. 

4.1.1.2 Plant Height at maturity (cm) 

Different planting patterns significantly influenced plant height of sunflower 

during both the years (Table 4.2). In the year 2005, bed sowing 90/30 treatment produced 

taller plants (157.12 cm) which was statistically at par with ridge sowing with a mean 

plant height value of 156.94 cm. Lowest mean plant height (154.27 cm) was observed in 

the treatment P1 where sowing was done in 60 cm apart flat rows.  

During the year 2006,maximum plant height (153.5 cm) was noted in treatment 

ridge 60 cm which was statistically at par with treatment bed 90/30cm. Similar results 

were reported by Ahmad et al., (2000) who found that maximum plant height was 

observed in ridge sowing (177.65 cm).  
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Table 4.1 Plant population (plot-1) as influenced by planting patterns and irrigation 

levels. 
 

Treatments 2005 2006 Mean 

A. Planting Patterns (P) 

P1= Flat 60 cm 167 167 167 

P2 = Ridge 60 cm 166 167 166 

P3 = Flat 90/30 cm 167 167 167 

P4 = Bed 90/30 cm 166 167 167 

LSD (5%) NS NS  

s.e.m. 0.38 0.17  

B. Irrigation levels (I) 

I0 = No Stress 167 168 168 

I1 = Pre Anthesis Stress 166 167 166 

I2 = Anthesis Stress  166 167 167 

I3 = Post Anthesis Stress 167 167 167 

LSD (5%) NS NS  

s.e.m 0.35 0.36  

Interaction (P x I) NS NS  

Year Effect  166 167  

Means having different letters differ significantly at 5% probability.  
NS = non-significant  
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Table 4.2 Plant height (cm) at maturity as influenced by planting patterns and 
irrigation levels. 

 

Treatments 2005 2006 Mean 

A. Planting Patterns (P) 

P1= Flat 60 cm 154.27 b 150.83 c 152.55  

P2 = Ridge 60 cm 156.94 a 153.50 a 155.22  

P3 = Flat 90/30 cm 154.58 b 152.00 bc 153.29  

P4 = Bed 90/30 cm 157.12 a 153.17 ab   155.14  

LSD (5%) 1.29 1.40  

s.e.m. 0.37 0.40  

B. Irrigation levels (I) 

I0 = No Stress 165.7 a 162.75 a 164.22  

I1 = Pre Anthesis Stress 144.27 d 141.42 d 142.84  

I2 = Anthesis Stress  153.93 c 150.33 c 152.13  

I3 = Post Anthesis Stress 159.02 b 155.00 b 157.01  

LSD (5%) 1.97 2.16  

s.e.m 0.68 0.74  

Interaction (P x I) NS NS  

Year Effect  155.73 152.38  

Means having different letters differ significantly at 5% probability.  
NS = non-significant  
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Irrigation levels resulted in significant differences in plant height during both 

growing season. Pre-anthesis water stress (I1) produced 14.85% less plant height over 

fully irrigated treatment (I0). Normal irrigation treatment produced (165.7, 162.75 cm)  

taller plants while the shorter plants were produced by pre-anthesis stress (144.27,  

141.42 cm) during 2005 and 2006 respectively. Similar trend was observed in the second 

year. Interactive effect of planting pattern and irrigation level showed non-significant 

difference among all the treatments. 

Early season water stress resulted in short plants, irrigation timing greatly 

influenced water use efficiency (Unger, 1982). Irrigation near or at budding stage resulted 

in 19 cm taller plants than irrigated at later stage (Unger, 1983). Husain and Ismail 

(1994); Bakhsh et al., (1999); Aiken and Stockton (2001) also reported maximum plant 

height with normal irrigation.  

Controlling plant height by with holding irrigation until flowering may also 

reduce the potential for plant lodging and associated harvesting problem and seed losses. 

Narrower rows would be particularly beneficial where water deficit restricts early 

vegetative growth.  

4.1.1.3 Head Diameter at maturity (cm). 

Size of head contributes substantially to final achene as it influences both the 

number of achenes and finally achene yield.  

Data presented in Table 4.3 reveal that the different planting pattern significantly 

affected the head diameter of sunflower. Maximum head diameter of (18.78, 18.41cm) 

was recorded for ridge sowing during 2005 and 2006 respectively. Head diameter under 
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flat 60 cm and flat 90/30 were statistically similar during 2005. Minimum head diameter 

(16.77 cm) was recorded from bed 90/30 cm. During 2006 flat 60 cm, flat 90/30 and bed  

Table 4.3 Head diameter (cm) at maturity as influenced by planting patterns and 
irrigation levels. 

 
Treatments 2005 2006 Mean 
A. Planting Patterns (P) 
P1= Flat 60 cm 17.47 b 17.08 b 17.27  
P2 = Ridge 60 cm 18.78 a 18.41 a 18.60  
P3 = Flat 90/30 cm 16.81 bc 16.48 b 16.64   
P4 = Bed 90/30 cm 16.77 c 16.44 b 16.61   
LSD (5%) 0.679  0.651    
s.e.m 0.20 0.19  
B. Irrigation Levels (I) 
I0 = No Stress 20.78 a 20.37 a 20.57  
I1 = Pre Anthesis Stress 14.09 d 13.81 d 13.95  
I2 = Anthesis Stress  15.71 c 15.36 c 15.53  
I3 = Post Anthesis Stress 19.26 b 18.87 b 19.07  
LSD (5%) 0.616  0.578   
s.e.m 0.21 0.20  
Interaction (P x I) 
P1 I0 20.39 b 19.67 b 20.18  
P1 I1 14.11 fgi 13.80 fgh 13.95  
P1 I2 15.96 de 15.50 e 15.73  
P1 I3 19.42 bc 19.03 bc 19.23  
P2 I0 23.28 a 22.83 a 23.06  
P2 I1 15.14 ef 14.87 ef 15.00  
P2 I2 17.17 d 16.80 d 16.99  
P2 I3 19.54 bc 19.13 bc 19.34  
P3 I0 19.89 bc 19.47 bc 19.68  
P3 I1 13.42 h 13.17 h 13.29  
P3 I2 14.81 efg 14.53 efg 14.67  
P3 I3 19.14 c 18.73 c 18.94  
P4 I0 19.57 bc 19.20 bc 19.39  
P4 I1 13.68 gh 13.40 gh 13.54  
P4 I2 14.89 efg 14.61 ef 14.74  
P4 I3 18.95 c 18.57 c 18.76  
LSD (5%) 1.231 1.16  
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s.e.m 0.42 0.40  
Year Effect  17.46 17.10  

Means having different letters differ significantly at 5% probability. 

90/30 were statistically similar and produce head diameter of 17.08 cm, 16.48 cm, 16.44 

cm respectively. 

Confirmatory results were given by Ahmad et al., (2000) who reported that the 

maximum head diameter (18.67 cm) was achieved from crop sown in ridges as compared 

to flat and furrows. Minimum head diameter was recorded where crop sown on bed 90/30 

cm. Fsechie et al., (1996) evaluated the impact of three sowing patterns (ridge, furrow 

and flat) on the growth of sunflower crop. Best results were recorded from ridge sowing. 

The order brings ridge > flat > furrow. 

Among irrigation treatments maximum head diameter (20.78 cm) was recorded 

from no stress. Similar trend was recorded during 2006. Pre-anthesis stress produced 

minimum head diameter (14.09, and 13.81 cm) during 2005 and 2006 respectively. 

Interactive effect of planting pattern and water stress was also significant during both the 

years. Ridge sowing produced larger head diameter of (23.28 cm and 22.83 cm) in 2005 

and 2006 with no stress treatment. Flat 60 cm with no stress (20.39 cm) and with post 

anthesis stress (19.42 cm), Ridge sowing with post anthesis (19.54 cm), flat 90/30 with 

no stress (19.89 cm) and bed 90/30 with no stress (19.57 cm) were statistically at par with 

each other. Same trend was observed in 2006. Corresponding values of these treatments 

for the year 2006 were Flat 60 cm with no stress (19.67 cm) and with post anthesis stress 

(19.03 cm), Ridge sowing with post anthesis (19.13 cm), flat 90/30 with no stress (19.47 

cm) and bed 90/30 with no stress (19.20 cm) were statistically at par with each other. 

Mnimum head diameter (13.17 cm) was recorded from flat 90/30 planting pattern with 
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pre anthesis stress and there results were statistically similar regarding pre anthesis with 

flat 60, flat 90/30 and bed 90/30 with the head diameter values of 13.80 cm, 13.17 cm 

and 13.40 cm respectively. 

Goksoy et al., (2004) reported that irrigation treatments also significantly affected 

head diameter. Irrigation applied at two growth stages (anthesis stress and post anthesis 

stress) as well as full and limited irrigation increased head diameter much more than the 

other methods. Results also agree with those of Ghani, et al., (2000) where six irrigations 

gave significantly large head diameter (17.16 cm) against the minimum (13.91 cm) 

recorded in case of two irrigations    

4.1.1.4. Number of achenes head-1  

More number of achenes per head directly influenced the yield of crop. Different 

planting pattern and irrigation treatments (Table 4.4) showed the significant difference 

among all treatments in both the years. Regarding planting pattern ridge sowing produced 

11.44% more number of achenes  head-1 than flat 90/30. Bed 90/30 (975) and flat 90/30 

(961) gave the statistically same results. Irrigation treatments showed the significant 

differences among all the treatments. Highest number of achenes head-1 (1105, 1096) was 

obtained at normal irrigation during 2005 and 2006 respectively. 

There was also significant interaction between planting pattern and irrigation 

treatments. Significant higher number of achenes head-1 (1185, 1167) were reported by 

crop sown in ridges with normal irrigation. Ridge sowing with anthesis stress (1038), flat 

90/30 with no stress (1045) and Bed 90/30 with no stress (1044) produced statistically 

same results. Less Number of achenes head-1 (862) were recorded from flat 90/30 with 

pre anthesis stress. Ridge sowing with no stress produced 27% more number of achenes 
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head-1 as compared to flat 90/30 with pre anthesis stress. Similar trend was observed in 

2006.  

These results agree with the view of Arnon (1972) that high seed yield of 

sunflower could be attained by sowing the crop at ridges. Akhtar et al., (1993) reported  

Table 4.4 Number of achenes per head as influenced by planting patterns and 
irrigation levels. 

 
Treatments 2005 2006 Mean 
A. Planting Patterns (P) 
P1= Flat 60 cm 1015.42 b  966.58 b  1006   
P2 = Ridge 60 cm 1084.25 a 1065.75 a 1075  
P3 = Flat 90/30 cm 960.58 c 945.42 c 953  
P4 = Bed 90/30 cm 975.33 c  961.08 a 968  
LSD (5%) 17.95 19.13  
s.e.m 5.19 5.53  
B. Irrigation Levels (I) 
I0 = No Stress 1105 a 1096.92 a 1101   
I1 = Pre Anthesis Stress 898.83 d 880 d  889  
I2 = Anthesis Stress  975 c 954.58 c 965  
I3 = Post Anthesis Stress 1056.75 b 1037.33 b 1047  
LSD (5%) 12.23 11.53  
s.e.m 4.19 3.95  
Interaction (P x I) 
P1 I0 1145.67 b 1120.00 b 1133  
P1 I1 879 hi 858.67 jk 869  
P1 I2 966.67 f 951.33 g 959  
P1 I3 1070.33 c 1056.33 cd 1063  
P2 I0 1185 a 1167.33 a 1176  
P2 I1 966 f 944.67 gh 955  
P2 I2 1038.67 d 1023.67 e 1031   
P2 I3 1147.33 b 1127.33 b 1137  
P3 I0 1045.33 d 1038 de  1041  
P3 I1 861.67 i 845.67 k 853 
P3 I2 933.33 g 915.33 i 924  
P3 I3 1002 e 982.67 f 992  
P4 I0 1044 d  1062.33 c 1053 
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P4 I1 888.67 h 871 j 879  
P4 I2 961.33 f 928 hi 944  
P4 I3 1007.33 e 983 f 995  
LSD (5%) 24.45 23.07  
s.e.m 8.38 7.90  
Year Effect  1008.90 992.21  

Means having different letters differ significantly at 5% probability.  
 

significant differences in sunflower achenes number head-1 sown at  ridges. Contradictory 

results were reported from Nazir et al., (1993) who reported that 90/30 double row strip 

produced more number of seeds head-1 (1075) than 60 cm apart single row (1029) but 

there was a difference among flat sowing, ridge sowing was not included in the 

experiment.  

Maximum number of achenes head-1 was recorded under control (Normal 

irrigation) and minimum at pre-anthesis 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). Akhtar et al., (1993) recorded that number of achenes head-1 

decreased as the water stress occurred at flowering or seed setting. Fereres et al., (1986) 

also reported the reduction in number of seeds head-1 under drought. 

Debaeke et al., (1998) suggested that early sunflower growth was limited when the water 

availability was reduced during flowering. When drought occurs before anthesis grain 

yield and achene number m-2 were decreased. Regarding drought the achene number was 

decreased by water stress during the vegetative and flowering period, soil water depletion 

and water stress at flowering, which reduced achene production. 

4.1.1.5. 1000-achene weight (g) 
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Weight of 1000-achene expresses the magnitude of achene development which is 

an important determinant of seed yield and seed quality. Planting pattern and irrigation 

levels significantly influenced 1000 achene weight (Table 4.5). Maximum 1000-achene 

weight (55.07, 53.98 g) was recorded from ridge sowing during 2005 and 2006 

respectively. Whereas flat 60 cm (51.78 g) and bed 90/30 (50.90 g) showed statistically 

similar results. Lowest 1000-achene weight was recorded from flat 90/30. Similar trend 

was observed in 2006. Crop sown under flat 60 and bed 90/30 were statistically at par  

 

 
Table 4.5 1000-achene weight (g) as influenced by planting patterns and irrigation 

levels. 
 

Treatments 2005 2006 Mean 

A. Planting Patterns (P) 

P1= Flat 60 cm 51.78 b 50.72 b 51.25  

P2 = Ridge 60 cm 55.07 a 53.98 a 54.53  

P3 = Flat 90/30 cm 49.09 c 48.11 c 48.60  

P4 = Bed 90/30 cm 50.90 b 49.89 b 50.41  

LSD (5%) 0.89 0.96   

s.e.m. 0.26 0.28  

B. Irrigation levels (I) 

I0 = No Stress 54.93 a 53.83 a 54.38  

I1 = Pre Anthesis Stress 47.99 d 47.04 d 47.51  

I2 = Anthesis Stress  50.89 c 49.87 c 50.38  
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I3 = Post Anthesis Stress 53.04 b 51.95 b 52.50  

LSD (5%) 0.82 0.80  

s.e.m 0.28 0.28  

Interaction (P x I) NS NS  

Year Effect  51.71 50.67  

Means having different letters differ significantly at 5% probability.  
NS = non-significant  

 

 

 

with each other. Regarding both year 2005 (51.71 g) produced more 1000-achene weight 

than 2006 (50.67 g). 

Ahmad et al., (2000) suggested that the maximum achene weight (68.43 g) was 

produced by plots sown on ridges while minimum weight (64.24 g) was observed in plots 

sown on furrows. Similar results were reported from Malik et al., (2001) who evaluated 

the different planting pattern. The ridge sowing (36.55 g) crop produced significantly 

heavier grains than rest of all the planting patterns. This suggests that ridge sowing 

enhanced availability of nutrients and moisture which triggered plant growth and 

ultimately seed development. Moreover, ridge sowing provides aerated fertile soil to the 

plant and gives suitable conditions to the plants which helps in the absorption of more 

nutrients and hence more grain weight is produced. 

As regards irrigation, there was a significant difference among irrigation 

treatments in both the years. Heavy 1000-achene weight was recorded for no stress 

treatment that produced 54.93 g closely followed by 53.04 g by treatment where stress 
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was applied at post anthesis. Pre anthesis stress produced the lowest 1000-achene weight 

(47.99 g). Same results were observed during 2006 and corresponding values for no 

stress, post anthesis stress, anthesis stress and pre anthesis stress were 53.83, 51.95, 49.87 

and 47.04 g respectively. There was a non significant interaction between planting pattern 

and irrigation levels. Normal irrigation produce 13%, 8% and 3.5% heavy 1000-achene 

weight over pre anthesis, anthesis and post anthesis stress respectively. 

Ravishankar et al., (1990) reported that test weight in sunflower decreased under 

water stress and it was more so in late stress. Bakhsh et al., (1999) reported that light 

weight seeds were produced when frequency of irrigation was reduced from six 

irrigations to two in sunflower. Rawson and turner (1982) reported that the weight per 

seed was not changed statistically among the treatments to which water was applied. 

Sarkar and Chakraborty (1995) also reported the highest 1000 achene weight was 

recorded with three irrigation treatment (53.55 g) than two and one irrigation treatments.  

4.1.1.6 Biological yield (kg ha-1) 

Planting pattern significantly affected biological yield in both the years (Table 

4.6). It was observed that data on biological yield followed a similar pattern during 2005 

and 2006. 

The study showed that ridge sowing produced maximum biological yield of 9196 

kg ha-1 in 2005 and 9016 kg ha-1 in 2006. Ridge sowing produced 24% more biological 

yield over flat 90/30 sowing. Same trend was observed in 2006. Normal irrigation 

produced better biological yield over rest of the treatments. Normal irrigation produced 

8366 and 8133 kg ha-1 of biomass and these results were at par with post anthesis stress 

which produced 8322 and 8099 kg ha-1 of biomass in 2005 and 2006 respectively. 
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Combine effect of planting pattern and irrigation treatment presented a significant 

differences. Better biological yield was recorded from crop sown under ridge sowing 

with no stress (9717 and 9523 kg ha-1) in 2005 and 2006 respectively and ridge sowing at 

post anthesis stress produced statistically similar results. After this crop sown at flat 60 

cm with no stress (8813 and 8543 kg ha-1), flat 60 cm crop sown with post anthesis stress 

(8532 and 8279 kg ha-1) and ridge sowing with anthesis stress (8853 and 8680 kg ha-1) in 

2005 and 2006 respectively statistically at par with each other. Lowest biological yield 

was produced by crop sown at flat 90/30 with anthesis stress (6832 and 6626 kg ha-1) and 

with pre anthesis stress (6416 and 6217 kg ha-1) in 2005 and 2006 respectively presented 

statistically similar results.  

 
Table 4.6 Biological yield (kg ha-1) as influenced by planting patterns and irrigation 

levels. 
 
Treatments 2005 2006 Mean 
A. Planting Patterns (P) 
P1= Flat 60 cm 8110.47 b 7873.33 b  7991.90  
P2 = Ridge 60 cm 9196.83 a 9016.26 a 9106.54   
P3 = Flat 90/30 cm 7018.54 d 6794.04 d 6906.29  
P4 = Bed 90/30 cm 7429.26 c 7233.93 c 7331.60  
LSD (5%) 329.1 343.3  
s.e.m 95.09 99.22  
B. Irrigation Levels (I) 
I0 = No Stress 8366.51 a 8133.39 a 8249.95  
I1 = Pre Anthesis Stress 7367.05 c 7184.75 c 7275.90  
I2 = Anthesis Stress  7699.79 b 7500.35 b 7600.07  
I3 = Post Anthesis Stress 8321.74 a 8099.07 a 8210.40  
LSD (5%) 218.3 209.5   
s.e.m 74.79 71.76  
Interaction (P x I) 
P1 I0 8813.09 b 8543.30 b 8678.20 
P1 I1 7300.89 de 7102.39 de 7201.64 
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P1 I2 7795.58 c 7568.16 c 7681.87 
P1 I3 8532.32 b 8279.49 b 8405.91 
P2 I0 9717.35 a 9523.43 a 9620.39 
P2 I1 8514.66 b 8360.46 b 8437.56 
P2 I2 8853.09 b 8680.26 b 8766.68 
P2 I3 9702.21 a 9500.87 a 9601.54 
P3 I0 7474.62 cde 7220.34 cde 7347.48 
P3 I1 6415.89 g 6216.86 f 6316.38 
P3 I2 6831.85 fg 6625.55 f 6728.70 
P3 I3 7351.79 de 7113.40 de 7232.60 
P4 I0 7476.13 cde 7269.07 cde 7372.60 
P4 I1 7236.77 ef 7059.28 e 7148.02 
P4 I2 7318.64 de 7127.43 de 7223.03 
P4 I3 7685.51 cd 7479.94 cd 7582.72 
LSD (5%) 436.6 418.9  
s.e.m 149.58 143.53  
Year Effect  7938.78 7729.39  

Means having different letters differ significantly at 5% probability. 

Comparable results were reported by Shafi and Khan (1992); Calvino et al., 

(2004); Malik et al. (2003); Mahal et al. (2000) and Sidhu et al. (1995). Shafi and Khan 

(1992) reported the maximum yield was obtained in the crop sown on ridges. Calvino et 

al., (2004) applied more severe water deficit developed around anthesis. Crop exposed to 

mild water deficit in all three critical stages and water stress was most severe. Narrow 

rows significantly reduced yield in crop response to narrow rows and highlighted the 

interaction between row spacing and water deficit. For crop with moderate or low deficit, 

yield did not respond to narrow rows when conditions were conducive to full interception 

in wide row crops and yield increased up to 15%. Malik et al. (2003) suggested that 

various growth and yield parameters of the crop were influenced differently by various 

planting methods.  

Mahal et al. (2000) concluded that sowing on ridges reduced the adverse effect of 

flooding and gave 9.9% more yield than flat sowing. Sidhu et al. (1995) also present a 
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similar results and found that the highest yield was obtained from the crop sown on 

ridges. 

Values of biological yield in these studies were similar to those reported earlier by  

(Anderson et al., 1978; Rawson and Turner, 1983). Conner et al., (1995) have reported 

the reduction in biological yield when sunflower was grown under dry land conditions 

with out supplemental irrigation. The maintenance of biological yield under different 

irrigation treatments in accordance with the findings of Conner et al., (1985) who 

suggested that if watering was commenced at or before budding, the crop still has the 

capacity to grow and accumulate substantial biomass. Rawson and Turner (1982) have 

ascribed this capacity to the ability to gain leaf area on commencement of irrigation 

which, in turn, depended at the time of commencement of irrigation.  

 Sunflower irrigated before or at budding accumulated significantly more dry 

matter than those not irrigated or those initially irrigated at later growth stages  

4.1.1.7 Achene yield (kg ha-1) 

Final achene yield is the function of combined effect of all the yield components  

under the influence of a particular set of environmental conditions.  

As regards the planting pattern crop sown on ridges produced the maximum 

achene yield (3293 and 3199 kg ha-1) during 2005 and 2006 respectively. On the average, 

the year 2005 resulted in higher achene yields in comparison with yields of 2006. 

Irrigation treatment significantly influenced achene yield of sunflower during both the 

seasons of experimentation (Table 4.7). Highest achene yield (3217 and 3125 kg ha-1) in 

2005 and 2006 respectively, was recorded in fully irrigated crops. Pre anthesis produced 

22%, 18% and 8% less achene yield than no stress, post anthesis and anthesis stress 
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respectively in 2005. Similar trend was observed in 2006. Minimum achene yield was 

recorded from pre anthesis stress (2525 and 2453 kg ha-1) in 2005 and 2006 respectively     

Interaction of planting pattern and irrigation treatment for achene yield showed 

the significant differences in both the years. Achene yield (3674 and 3569 kg ha-1) was 

resulted in combine effect of ridge sown crop with normal irrigation treatment during 

2005 and 2006 respectively. These results were at par with crop sown at ridges with post 

anthesis stress. Results reveal that crop sown at flat 90/30 with no stress (2918 and 2835 

kg ha-1), bed 90/30 with no stress (2912 and 2829 kg ha-1), bed 90/30 with post anthesis 

stress (2863 and 2782 kg ha-1), ridge sowing with pre anthesis stress (2842 and 2762 kg 

ha-1) and flat 60 cm sown crop with anthesis stress (2774 and 2695 kg ha-1) presented 

statistically similar results with each other during 2005 and 2006 respectively. Minimum  

 

Table 4.7 Achene yield (kg ha-1) as influenced by planting patterns and irrigation 
levels. 

 
Treatments 2005 2006 Mean 
A. Planting Patterns (P) 
P1= Flat 60 cm 2936.82 b 2853.72 b 2895.27  
P2 = Ridge 60 cm 3293.03 a 3199.38 a 3246.20   
P3 = Flat 90/30 cm 2602.9 d 2529.31 d 2566.11  
P4 = Bed 90/30 cm 2734.31 c 2656.75 c 2695.53  
LSD (5%) 127.6  121.6  
s.e.m 36.88 35.15  
B. Irrigation Levels (I) 
I0 = No Stress 3216.65 a 3125.64 a 3171.14  
I1 = Pre Anthesis Stress 2525.19 d 2453.52 d 2489.35  
I2 = Anthesis Stress  2755.71 c 2677.46 c 2716.58  
I3 = Post Anthesis Stress 3069.51 b 2982.54 b 3026.03  
LSD (5%) 76.33  74.84  
s.e.m 26.15 25.64  
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Interaction (P x I) 
P1 I0 3362.87 b 3268.37 b 3315.62  
P1 I1 2480.49 h 2410.01 h 2445.25  
P1 I2 2773.73 def 2694.68 def 2734.21  
P1 I3 3130.18 c 3041.81 c 3086.00  
P2 I0 3673.75 a 3569.04 a 3621.40  
P2 I1 2842.29 de 2761.56 de 2801.93  
P2 I2 3121.04 c 3032.29 c 3076.66  
P2 I3 3535.05 a 3434.61 a 3484.83  
P3 I0 2917.7 d 2835.34 d 2876.52  
P3 I1 2269.53 i 2205.19 i 2237.36  
P3 I2 2474.95 h 2405.08 h 2440.02  
P3 I3 2749.41 ef 2671.65 ef 2710.53  
P4 I0 2912.28 d 2829.80 d 2871.04  
P4 I1 2508.46 gh 2437.31 gh 2472.88  
P4 I2 2653.09 fg 2577.81 fg 2615.45  
P4 I3 2863.4 de 2782.10 de 2822.75  
LSD (5%) 152.7 149.7  
s.e.m 52.31 51.28  
Year Effect  2891.76 2809.79  

Means having different letters differ significantly at 5% probability.  
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Fig. 4.1  Relationship between achene yield (kg ha-1) and number of 
achenes head-1 of sunflower for (a) 2005 (b) 2006 (c) mean data. 
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Fig. 4.2 Relationship between achene yield (kg ha-1) and 1000-achene 
weight (g) of sunflower for (a) 2005 (b) 2006 (c) mean data. 
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Fig. 4.3  Relationship between achene yield (kg ha-1) and biological yield 
(kg ha-1) of sunflower for (a) 2005 (b) 2006 (c) mean data.  

 
 
 

 

achene yield was recorded from the crop sown under flat 90/30 with pre anthesis stress 

which produced (2269 and 2205 kg ha-1) in 2005 and 2006 respectively. 

Grain yield increase in response to narrow rows was closely related to the 

improvement in light interception during the critical period for grain set. Crop responses 

to narrow rows and highlights the interaction between row spacing and water deficit. For 

crop with moderate or low water deficit yield did not respond to narrow rows when 

(b)

y = 0.3669x - 26.36
R2 = 0.86  r = 0.92

0

500

1000

1500

2000

2500

3000

3500

4000

0 2000 4000 6000 8000 10000 12000
Biological Yield (kg ha-1)

A
ch

en
e 

Yi
el

d 
(k

g 
ha

-1
)

(c)

y = 0.3742x - 80.818
R2 = 0.88   r = 0.94  

0

500

1000

1500

2000

2500

3000

3500

4000

4500

0 2000 4000 6000 8000 10000 12000
Biological Yield (kg ha-1)

A
ch

en
e 

Yi
el

d 
(k

g 
ha

-1
)



 
 

223

conditions were conducive to full interception in wide row crops and yield increase up to 

15% (Calvino et al., 2004). Supporting results were reported by Malik et al., (2001) who 

recommended that the ridge sowing (60 cm apart) produced the maximum seed yield 

(2600 kg ha-1) among various planting patterns (60 cm apart single rows, 90 cm apart 

double row strip planting, 60cm apart ridge sowing and 90/30cm bed sowing) were used 

for evaluation.  

Achene yield was positively correlated with, number of achenes head-1 ( r = 

0.97** and 0.96**, Fig. 4.1), 1000 achene weight ( r = 0.97 and 0.95**, Fig. 4.2) and 

biological yield (r = 0.94** and 0.92**, Fig. 4.3) in 2005 and 2006 respectively. The 

common regression accounted for 93, 95 and 88% of the variation in achenes yield for 

the mean data of number of achenes head-1, 1000-achene weight and biological yield 

respectively. Figures (4.1, 4.2 and 4.3) indicating that achenes yield will increase with 

increase in number of seeds head-1, 1000 achene weight and biological yield. These 

responses were similar to those reported by Andrade et al., (2002) for fully irrigated 

crops. Crops with more severe water deficit, yield response ranged from 25% reduction 

in yield. Results were also supported by Browne (1997) who concluded that seed yield 

was increased by 19 % when final irrigation was applied 22 days after mid flowering, 

rather than at mid flowering. The higher yield resulted principally from an increase in the 

number of harvestable seeds. Aiken and Lamm, (2006) reported that supplemental 

irrigation scheduled by the water balance method results in higher yields. Yield 

reductions depend on the degree of plant water stress at critical stages of growth. 

Irrigated sunflower yield ranged from 2200 to 2900 kg ha-1. When supply of water limits 

crop water use, seed yields are frequently limited as well. 
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4.1.2 Growth  

4.1.2.1 Leaf area index 

Leaf area index (Table 4.8) had significantly affected both planting pattern and 

irrigation levels. Figure 4.4 and 4.5 showed the trend of both the years among different 

planting pattern and irrigation levels with days after sowing. Early in the season leaf area 

expansion remained below a value of 2.0 then afterwards it increased significantly both 

by planting pattern and irrigation levels. Ridge 60 cm produced maximum leaf area index 

(4.82 vs. 4.75) in the year 2005 and 2006 whereas bed 90/30 planting pattern produced 

less leaf area of 3.98 and 3.86 for two years because of more space between the rows and 

plant could not cover the land properly at early harvests (60 DAS). The interaction 

between planting pattern and irrigation treatment on leaf area index was non significant 

(up to 45 DAS).  

There is a linear increase in LAI from 30 DAS to 75 DAS. Then there was decline 

in LAI in all the treatments. The decline in LAI in all the treatments was probably due to 

senescence of leaves which decreased the LAI. Normal irrigation enhanced leaf area 

index over rest of the treatments. Similarly post anthesis and anthesis stress increased leaf 

area index over pre anthesis stress.  

Leaf area index (60 DAS) regarding irrigation treatment present a significant 

difference. Maximum leaf area index was recorded from post anthesis stress (2.28 and  

Table 4.8 Leaf area index (75 DAS) as influenced by planting patterns and irrigation 
levels. 

 
Treatments 2005 2006 Mean 
A. Planting Patterns (P) 
P1= Flat 60 cm 4.35 b 4.26 b 4.30  
P2 = Ridge 60 cm 4.82 a 4.75 a 4.78  
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P3 = Flat 90/30 cm 3.86 d 3.79 c 3.82  
P4 = Bed 90/30 cm 3.98 c 3.86 c 3.92   
LSD (5%) 0.10 0.10  
s.e.m 0.03 0.03  
B. Irrigation Levels (I) 
I0 = No Stress 4.81 a 4.72 a 4.76 
I1 = Pre Anthesis Stress 3.23 c 3.17 c 3.20  
I2 = Anthesis Stress  4.14 b  4.04 b 4.09  
I3 = Post Anthesis Stress 4.82 a 4.73 a 4.77  
LSD (5%) 0.10 0.09  
s.e.m 0.03 0.03  
Interaction (P x I) 
P1 I0 4.78 b 4.67 b 4.73   
P1 I1 3.62 h 3.53 g 3.58  
P1 I2 4.23 ef 4.13 d 4.18  
P1 I3 4.77 b 4.69 b 4.73  
P2 I0 5.59 a 5.50 a 5.55  
P2 I1 3.69 h 3.63 fg 3.66  
P2 I2 4.36 cde 4.29 cd 4.33  
P2 I3 5.62 a 5.57 a 5.60  
P3 I0 4.34 de 4.29 cd 4.32  
P3 I1 2.83 i 2.80 h 2.82  
P3 I2 3.90 g 3.80 ef 3.85  
P3 I3 4.35 de 4.24 cd 4.30  
P4 I0 4.52 cd 4.40 c 4.46  
P4 I1 2.79 i 2.70 h 2.74  
P4 I2 4.06 fg 3.93 e 3.99  
P4 I3 4.55 c 4.40 c 4.48  
LSD (5%) 0.19 0.19  
s.e.m 0.06 0.06  
Year Effect     

Means having different letters differ significantly at 5% probability.  
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Fig. 4.4  Effect of different planting pattern (a) and irrigation levels (b) on leaf area 

index during 2005. 
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Fig. 4.5  Effect of different planting pattern (a) and irrigation levels (b) on leaf area 
index during 2006. 
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Fig. 4.6 Relationship between leaf area index and crop growth rate            
(g m-2 d-1) of sunflower for (a) 2005 (b) 2006 (c) mean data. 
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2.23) and these results were statistically at par with no stress (2.27 and 2.23) and anthesis 

stress (2.38 and 2.24) in 2005 and 2006 respectively 

Pre anthesis (2.19 and 2.15) produced minimum leaf area index (60 DAS) which 

was statistically different than other three treatments during 2005 and 2006 respectively.. 

Planting pattern showed significant difference among all treatments. During 2005, 

maximum leaf area index was produced by ridge sowing (4.82) and that was reduced in 

order of flat 60 cm > bed 90/30 > flat 90/30. Different trend was seen in second year. Bed 

90/30 and flat 90/30 show statistically similar results. Combined effect of planting pattern 

and irrigation level on 75 DAS for leaf area index showed the significant difference 

among all the treatments for both the years. Maximum leaf area index was recorded from 

ridge sowing with no stress that was at par with ridge sowing at post anthesis stress 

during both the years. Lowest leaf area index during 75 DAS was produced by bed 90/30 

with pre anthesis stress and these results were at par with flat 90/30 with pre anthesis 

stress during 2005. Similar trend was observed during 2006.  

Regarding 90 DAS year effect was significant. Planting pattern and irrigation 

treatment showed significant difference among all the treatments as compare to 75 DAS. 

Leaf area index dropped slightly. Maximum leaf area index (4.47) was recorded on 90 

DAS for 60 cm ridge sowing against the minimum was recorded from flat 90/30. Same 

trend was observed during next year. No stress treatment produced maximum leaf area 

index which was 37%, 17% and 8% higher from pre anthesis stress, anthesis stress and 

post anthesis stress respectively. Interaction between planting pattern and irrigation 

treatment was found to be non significant. On the basis of all harvests, maximum leaf 

area index was produced on 75 DAS.  
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Similar results were reported from Goksoy et al., (2004) who shows that the  

differences between treatments were obviously mainly at the anthesis stage of sunflower. 

In this case leaf area index varied from 1.80 to 3.08, respectively, with irrigation applied 

only on anthesis stage and irrigation applied at all stages. Highest leaf area index was 

recorded with full irrigation and water stress reduced leaf area index. Kahloon (1997) 

also reported that leaf area per plant was influenced significantly by different planting 

patterns. 60 cm (ridge sowing) showed best results over raised bed sowing (90/30 cm). 

Rawson and Turner, (1982) reported maximum leaf areas per plant ranging 

between 0.2 to 2.2 resulted from imposing four different water treatments. Leaf area 

increased with the number of irrigations supplied, and in the irrigated treatments it was 

positively correlated with time to anthesis. Hussain et al., (2000) tested three moisture 

level, i.e. 100, 50 and 25% of field capacity. Water stresses decrease the leaf area index. 

Tahir et al., (2002) evaluated the water stress and normal irrigation and found leaf area 

up to 25.56% decrease under water stress conditions. Ardakani et al., (2005a) reported 

the effect of water stress on Leaf Area Index was significant. Daneshian et al., (2005c) 

showed that water stress reduced leaf area index. Hammadeh et al., 2005. evaluated two 

water treatments (a) well watered conditions; (b) continuous 30 day drought period, 

ending at anthesis then full irrigation. Significant differences were observed between 

irrigated and water stressed plants for leaf area. Leaf area index was positively correlated 

with average crop growth rate ( r = 0.95** and 0.97**, Fig 4.6) during both the years of 

experimentation. The common regression accounted for 93% of the variation in leaf area 

index for the mean data (Fig 4.6) indicating that average crop growth rate will increase 

with increase in leaf area index. 
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4.1.2.2 Average Crop Growth Rate (g m-2 day-1) 

Data pertaining to average crop growth rate recorded at fortnight intervals in both 

 

 

Table 4.9 Average crop growth rate (g m-2 day-1) as influenced by planting patterns 
and irrigation levels. 

 

Treatments 2005 2006 Mean 

A. Planting Patterns (P) 

P1= Flat 60 cm 10.95 b  11.09 b 11.02  

P2 = Ridge 60 cm 11.45 a 11.81 a 11.63  

P3 = Flat 90/30 cm 10.23 c 10.55 c  10.39  

P4 = Bed 90/30 cm 10.02 c 10.46 c 10.24  

LSD (5%) 0.44 0.37  

s.e.m. 0.13 0.11  

B. Irrigation levels (I) 

I0 = No Stress 11.74 a 11.96 a 11.85 

I1 = Pre Anthesis Stress 9.07 d 9.28 c 9.18  

I2 = Anthesis Stress  10.50 c 10.99 b 10.74  

I3 = Post Anthesis Stress 11.35 b 11.67 a 11.51  

LSD (5%)  0.23 0.34  

s.e.m 0.08 0.12  

Interaction (P x I) NS NS  

Year Effect  10.66 10.98  
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Means having different letters differ significantly at 5% probability.  
NS = non-significant  
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Fig. 4.7  Effect of different planting pattern (a) and irrigation levels (b) on crop 
growth rate during 2005. 
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Fig. 4.8  Effect of different planting pattern (a) and irrigation levels (b) on crop 
    growth rate during 2006. 
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differences in irrigation treatment during both the years. Results showed that higher crop 

growth rate was recorded from no stress (11.74). pre anthesis stress (9.07) present a 

minimum average crop growth rate. Trend was little bit different in second year. In 2006, 

maximum and minimum cop growth rate was recorded from no stress and pre anthesis 

respectively. No stress treatment (11.96) and post anthesis stress (11.67) were statistically 

at par among one another. The interactive response of planting pattern and irrigation 

treatment did not differ significantly in both the years of experimentation. 

Approving results were recorded from Khaliq et al. (1988) who concluded that 75 

cm apart ridge sowing presented significant difference on crop growth rate than the other 

two methods and was followed by flat planting. Ardakani et al., (2005a) showed the 

significant difference for crop growth rate. Water stress decreased the crop growth rate. 

4.1.2.3 Net assimilation rate (g m-2 day-1). 

The net assimilation rate of a crop represents the net photosynthetic production 

 

 

Table 4.10 Net assimilation rate (mg cm-2 day-1) as influenced by planting patterns 
and irrigation levels. 

 

Treatments 2005 2006 Mean 

A. Planting Patterns (P) 

P1= Flat 60 cm 4.76 a 4.91 b 4.84  

P2 = Ridge 60 cm 4.42 c 4.65 c 4.53  

P3 = Flat 90/30 cm 4.86 a 5.15 a 5.01  

P4 = Bed 90/30 cm 4.60 b 4.93 b 4.77  
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LSD (5%) 0.11 0.15  

s.e.m. 0.03 0.04  

B. Irrigation levels (I) 

I0 = No Stress 4.62 b 4.83 bc 4.73  

I1 = Pre Anthesis Stress 4.79 a 4.99 ab 4.89  

I2 = Anthesis Stress  4.66 b 5.01 a 4.84  

I3 = Post Anthesis Stress 4.56 b  4.81 c 4.68  

LSD (5%) 0.11 0.17  

s.e.m 0.04 0.06  

Interaction (P x I) NS NS  

Year Effect  4.66 4.91  

Means having different letters differ significantly at 5% probability.  
NS = non-significant  

 

per unit leaf area duration (Hunt, 1978). Planting pattern presented a significant 

difference among all the treatments (Table 4.10). Highest net assimilation rate was 

recorded from flat 90/30 (4.86 g m-2 day-1) and these results were at par with flat 60 (4.76 

g m-2 day-1). Lowest value was recorded from ridge sowing (4.42 g m-2 day-1). Different 

trend was observed during second year. In second year maximum average net 

assimilation rate was also recorded from flat 90/30. Statistically similar results were 

recorded from bed 90/30 (4.93 g m-2 day-1) and flat 60 (4.91 g m-2 day-1). 

The results for irrigation treatments were significant during both the years. In 

2005 only pre anthesis (4.79 g m-2 day-1) showed the maximum average net assimilation 

rate, remaining all the treatments show statistically similar results. Regarding second year 
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maximum average net assimilation rate was observed from anthesis stress (5.01 g m-2 

day-1) and these results were at par with pre anthesis stress (4.99 g m-2 day-1) which in 

turn statistically remained at par with no stress (4.83 g m-2 day-1). No stress also showed 

statistically similar results with post anthesis stress (4.81 g m-2 day-1). Combined effect of 

different planting pattern and irrigation treatment for average net assimilation rate was 

found to be non significant. 

Encouraging results were reported by Hussain et al., 2000 who tested three 

moisture level i.e. 100, 50 and 25% of field capacity. Water stress increased the net 

assimilation rate. Ardakani et al., 2005a. reported that effect of water stress on Net 

Assimilation Rate was significant. Results differ from Khaliq et al. (1988) who 

concluded that 75 cm apart ridge sowing show significant difference for Net Assimilation 

Rate than the other two methods and was followed by flat planting. 

4.1.2.4 Harvest Index (%) 

Harvest index show the ratio of economic yield to biological yield and it indicates 

Table 4.11 Harvest index (%) as influenced by planting patterns and irrigation levels. 
 
Treatments 2005 2006 Mean 
A. Planting Patterns (P) 
P1= Flat 60 cm 36.11 b 36.13 c 36.12  
P2 = Ridge 60 cm 35.72 c  35.40 d 35.56  
P3 = Flat 90/30 cm 37.01 a 37.15 a 37.08  
P4 = Bed 90/30 cm 36.78 a 36.71 b 36.75  
LSD (5%) 0.38 0.40    
s.e.m 0.11 0.12  
B. Irrigation Levels (I) 
I0 = No Stress 38.50 a 38.51 a 38.51  
I1 = Pre Anthesis Stress 34.35 d 34.24 d 34.30  
I2 = Anthesis Stress  35.83 c 35.75 c 35.79  
I3 = Post Anthesis Stress 36.93 b 36.89 b 36.91  
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LSD (5%) 0.18 0.19   
s.e.m 0.06 0.07  
Interaction (P x I) 
P1 I0 38.17 b 38.27 b 38.22  
P1 I1 33.98 h 33.93 i 33.96  
P1 I2 35.59 f 35.6 f 35.60  
P1 I3 36.69 d 36.73 d 36.71  
P2 I0 37.86 b  37.57 c 37.71  
P2 I1 33.38 i 33.03 j 33.21  
P2 I2 35.26 f 34.93 g 35.10  
P2 I3 36.38 de 36.07 e 36.22  
P3 I0 39.03 a 39.27 a 39.15  
P3 I1 35.37 f 35.47 f 35.42  
P3 I2 36.23 e 36.30 e 36.27  
P3 I3 37.39 c 37.57 c 37.48  
P4 I0 38.95 a 38.93 a 38.94  
P4 I1 34.66 g 34.53 h 34.60  
P4 I2 36.25 e 36.17 e 36.21  
P4 I3 37.26 c 37.20 c 37.23  
LSD (5%) 0.37 0.39  
s.e.m 0.12 0.13  
Year Effect  36.40 36.35  

Means having different letters differ significantly at 5% probability.  
 

the proportionate translocation of assimilates into economic yield. Data presented in 

Table 4.11 reveal that different planting pattern resulted in significantly different harvest 

indices during both the years. In 2005 highest value of harvest index (37.01%) was 

observed by sowing of crop at flat 90/30 but it did not differ significantly from the value 

obtained by the crop sown at bed 90/30 (36.78%). The significantly lowest value of 

harvest index were obtained from crop sown with ridge (35.72%) which was also differed 

significantly from all other treatments. In 2006 flat 90/30 (37.15%) and bed 90/30 

(36.71%) showed statistically significant difference among each other. 
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Significant effect was recorded from irrigation treatment during both years. 

Highest values of harvest index were recorded from normal irrigation (38.50% and 

38.51%) in 2005 and 2006 respectively. Normal irrigation produced more harvest index 

regarding all the treatments. Minimum harvest index was produced by pre anthesis stress 

(34.35% and 34.24%) in 2005 and 2006 respectively. 

Data showed that the interaction effect of planting pattern and irrigation treatment 

on harvest index was significant during both years. In combination effect of planting 

pattern and irrigation treatment highest values were recorded from flat 90/30 with normal 

irrigation (39.03% and 39.27%) and bed 90/30 with normal irrigation (38.95% and 

38.93%) Statistically similar values were recorded from ridge sowing with no stress 

(37.86% and 37.57%) and flat 60 cm with no stress (38.17% and 38.27%) in 2005 and 

2006 respectively. Lowest harvest index was recorded from ridge sowing in combination 

of pre anthesis stress (33.38% and 33.03%) in 2005 and 2006 respectively. 

Khaliq et al. (1988) reported that 75 cm apart ridge sowing produced higher 

harvest index than the other two methods and was followed by flat planting. Chimenti et 

al., (2002) found a significant effect of drought on harvest index at the end of anthesis. 

Yield maintenance under drought conditions was attributable to variations in post-

drought shoot biomass increase and HI increase. Ardakani et al., (2005b) reported that 

water stress treatments, no irrigation at any stage reduced seed yield and to decreasing of 

yield components such as harvest index. Daneshian et al., 2005c. suggested that if 

drought stress started before reproductive stage results showed that water stress reduced 

harvest index due to decreasing of yield components.  
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Fereres et al., (1986) evaluated that water deficit reduced harvest Index (HI). The 

reduction in HI due to water deficits was mostly due to adjustments in seed number with 

less variation in individual seed weight. In turn, the reduction in seed number was due to 

a combination of reduced head size and of the area having viable seeds. 

Increase in harvest index in irrigated treatments over non irrigated treatments has 

also been reported by Conner et al., (1985). Results of this study are contradictory to 

those cited by Rawson and Turner (1982) reported that harvest index increased when 

irrigation was delayed, so that it was highest when irrigation commenced 54 days after 

sowing in their experiments.   

4.1.3 Qualitative characteristics 

4.1.3.1 Achene oil contents (%) 

Effect of planting pattern as well as interactive effect of planting pattern and 

irrigation treatment was non significant on percent achene oil during both the years 

(Table 4.12). The data range from 38.55% to 39.98% during both the years. Comparable 

results were reported by Nazir et al. (1991) that seed oil content was not affected 

significantly by any of the planting patterns, in spring and autumn. Contradictory results 

were reported by Ahmad et al., (2000) who observed that increase in oil content up to 

42.50% was recorded when the crop was sown on ridges. He also noted maximum oil  

 

 

Table 4.12 Oil contents (%) as influenced by planting patterns and irrigation levels. 
 

Treatments 2005 2006 Mean 
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A. Planting Patterns (P) 

P1= Flat 60 cm 39.88 38.95 39.41  

P2 = Ridge 60 cm 39.98 38.98 39.48  

P3 = Flat 90/30 cm 39.62 39.17 39.39  

P4 = Bed 90/30 cm 39.18 38.55 38.87  

LSD (5%) NS NS  

s.e.m. 0.19 0.18  

B. Irrigation levels (I) 

I0 = No Stress 44.69 a 43.85 a 44.27  

I1 = Pre Anthesis Stress 34.88 d 34.22 d 34.55  

I2 = Anthesis Stress  38.07 c 37.35 c 37.71  

I3 = Post Anthesis Stress 41.01 b 40.24 b 40.63  

LSD (5%) 0.57 0.55  

s.e.m 0.19 0.19  

Interaction (P x I) NS NS  

Year Effect  39.66 38.91  

Means having different letters differ significantly at 5% probability.  
NS = non-significant  

 

contents from ridge sown crop while furrow method had the lowest values for oil 

contents.  

Different irrigation levels had a significant influence on the achene oil content of 

sunflower during both the years of experimentation. Highest achene oil contents (44.69% 

and 43.85%) were recorded from no stress and lowest under pre anthesis stress (34.88% 
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and 34.22%) during 2005 and 2006 respectively. No stress treatment produced 9.81%, 

6.62% and 3.68% higher oil contents than pre anthesis, anthesis and post anthesis stress 

respectively in 2005. Similar trend was observed during 2006. 

These results corroborate  the findings of Ardakani et al., (2005b) 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.  

4.1.3.2 Achene protein contents (%) 

Sunflower is grown mainly for oil extraction, but meal contains protein and offers 

a valuable source of protein for animal and human consumption (Dorrell, 1978).  

Different planting pattern and interactive affect of planting pattern and irrigation 

levels had non-significantly affected achene protein contents (Table 4.13). The results 

were statistically non significant in planting pattern (Table 4.13). Achene protein contents 

values ranged from 14.66% to 15.68% during both the years.  

 Different irrigation regimes had a significantly influenced achene protein 

contents of sunflower during both the years of experimentation. Maximum protein 

contents (16.62% and 16.25%) were recorded for no stress in 2005 and 2006 respectively. 

It decreased in the order of post anthesis stress > anthesis stress > pre anthesis stress  

 

 

 

Table 4.13 Achene protein contents (%) as influenced by planting patterns and 
irrigation levels. 
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Treatments 2005 2006 Mean 

A. Planting Patterns (P) 

P1= Flat 60 cm 15.41 14.92 15.17 

P2 = Ridge 60 cm 15.68 15.36 15.52 

P3 = Flat 90/30 cm 14.97 14.66 14.81 

P4 = Bed 90/30 cm 15.37 15.07 15.22 

LSD (5%) NS NS  

s.e.m. 0.15 0.15  

B. Irrigation levels (I) 

I0 = No Stress 16.62 a 16.25 a 16.44  

I1 = Pre Anthesis Stress 14.24 d 13.93 d 14.08  

I2 = Anthesis Stress  14.86 c 14.50 c 14.68  

I3 = Post Anthesis Stress 15.71 b 15.33 b  15.52  

LSD (5%) 0.41 0.40  

s.e.m 0.14 0.14  

Interaction (P x I) NS NS  

Year Effect  15.36 15.00  

Means having different letters differ significantly at 5% probability.  
NS = non-significant  

 

during both the years. Minimum achene protein contents were recorded for pre anthesis 

stress (14.24% and 13.93%) in 2005 and 2006 respectively.  

These results are in line with Debaeke at al., (1998) who reported that early 

sunflower growth was limited when the water availability was reduced during flowering. 
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Protein concentration was negatively related with stress conditions. Protein concentration 

was decreased with the stress condition while it was maximum with the normal irrigation. 

4.1.3.3     Fatty acid profile 

4.1.3.3.1  Stearic acid (%) 

Stearic acid is categorized as saturated fatty acid and is an undesirable oil quality 

characteristics. 

Data presented in Table 4.14 reveal that neither planting pattern, nor irrigation 

levels significantly influenced the stearic acid % during both years. However stearic acid 

contents varied from 1.95 to 2.03% for planting pattern and 1.96 to 2.02 for irrigation 

levels. Favorable results was showed by Saleem et al., (2008) who reported that there 

was non significant difference among all the planting patterns. 

4.1.3.3.2 Palmitic acid (%) 

Planting pattern (Table 4.15) represent a non significant results among all 

treatments for 2005 and 2006. Similarly there is no significant effect of irrigation levels 

on palmitic acid in both the year. Interactive effect of planting pattern and irrigation 

treatment was found to be non significant. Data ranged from 5.90% to 6.13% for planting 

pattern and 5.90% to 6.11% for irrigation treatment during both the years of 

experimentation. 

Similar results were reported by Saleem et al., (2008) that palmitic acid content of 

sunflower oil (autumn planted sunflower) was not affected significantly by different  

 

 

Table 4.14 Stearic acid (%) as influenced by planting patterns and irrigation levels. 
 



 
 

245

Treatments 2005 2006 Mean 

A. Planting Patterns (P) 

P1= Flat 60 cm 1.99 1.95 1.98 

P2 = Ridge 60 cm 1.99 1.97 1.98 

P3 = Flat 90/30 cm 2.02 1.98 2.00 

P4 = Bed 90/30 cm 2.03 1.99 2.01 

LSD (5%) NS NS  

s.e.m. 0.01 0.01  

B. Irrigation levels (I) 

I0 = No Stress 1.98 1.99 1.99 

I1 = Pre Anthesis Stress 2.02 1.97 2.00 

I2 = Anthesis Stress  2.01 1.96 1.99 

I3 = Post Anthesis Stress 2.02 1.97 1.99 

LSD (5%) NS NS  

s.e.m 0.01 0.01  

Interaction (P x I) NS NS  

Year Effect  2.01 1.97  

Means having different letters differ significantly at 5% probability.  
NS = non-significant  

 

 

 

 

Table 4.15 Palmitic acid (%) as influenced by planting patterns and irrigation levels. 
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Treatments 2005 2006 Mean 

A. Planting Patterns (P) 

P1= Flat 60 cm 6.07 6.04 6.05 

P2 = Ridge 60 cm 6.13 6.06 6.09 

P3 = Flat 90/30 cm 5.99 5.90 5.95 

P4 = Bed 90/30 cm 6.08 6.02 6.05 

LSD (5%) NS NS  

s.e.m. 0.04 0.03  

B. Irrigation levels (I) 

I0 = No Stress 6.07 6.07 6.07 

I1 = Pre Anthesis Stress 6.11 5.99 6.05 

I2 = Anthesis Stress  6.05 6.00 6.03 

I3 = Post Anthesis Stress 6.04 5.96 6.00 

LSD (5%) NS NS  

s.e.m 0.03 0.03  

Interaction (P x I) NS NS  

Year Effect  6.07 6.01  

Means having different letters differ significantly at 5% probability.  
NS = non-significant  

 

planting pattern. Khaliq and Cheema (2005) reveals that there was non significant 

difference among various combinations of irrigation regimes. 

4.1.3.3.3 Linoleic acid (%) 
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Linoleic acid concentration of sunflower achene oil (Table 4.16) under different 

planting pattern showed non significant differences during both the years of 

experimentation. However the range varied from 60.11% to 62.85% for 2005 and 2006 

respectively. 

Irrigation regimes significantly influenced the linoleic acid concentration of 

sunflower achene oil. Maximum linoleic acid concentration was recorded from pre 

anthesis stress (64.11% and 61.89%) in 2005 and 2006 respectively. In 2005, pre anthesis 

stress produced 2.36%, 1.96% and 1.39% more linoleic acid than no stress, post anthesis 

stress and anthesis stress respectively. Minimum linoleic acid was obtained from no 

stress treatment (61.75%). Similar trend was observed in second year of experimentation. 

Interactive effect of planting pattern and irrigation treatment was non significant. 

Santonoceto et al., (2002) reported variation in the content of the four major fatty 

acids (Oleic, linoleic, palmitic and stearic) and fatty acid composition of the oil in the 

initial phases of seed formation differed substantially from that of the mature seed. Unger 

(1983) reported that Linoleic and oleic acid concentrations in oil increased and decreased. 

Mean temperature probably affected linoleic and oleic acid concentration of the oil. 

4.1.3.3.4 Oleic acid (%) 

Data presented in Table 4.17 showed that neither planting pattern, nor interaction 

(PxI) significantly affected the oleic acid content. 

Oleic acid concentration was highest under no stress treatment (26.61% and 

27.54%) and these results were statistically at par with post anthesis stress (25.99% and  
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Table 4.16 Linoleic acid (%) as influenced by planting patterns and irrigation levels. 
 

Treatments 2005 2006 Mean 

A. Planting Patterns (P) 

P1= Flat 60 cm 62.85 60.35 61.60 

P2 = Ridge 60 cm 62.63 60.60 61.62 

P3 = Flat 90/30 cm 62.68 60.11 61.40 

P4 = Bed 90/30 cm 62.57 61.08 61.83 

LSD (5%) NS NS  

s.e.m. 0.17 0.22  

B. Irrigation levels (I) 

I0 = No Stress 61.75 c 59.47 c 60.61  

I1 = Pre Anthesis Stress 64.11 a 61.89 a 63.00  

I2 = Anthesis Stress  62.72 b 60.72 b 61.72  

I3 = Post Anthesis Stress 62.15 bc 60.07 bc 61.11  

LSD (5%) 0.75 0.66  

s.e.m 0.26 0.23  

Interaction (P x I) NS NS  

Year Effect  62.68 60.54  

Means having different letters differ significantly at 5% probability.  
NS = non-significant  
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Table 4.17 Oleic acid (%) as influenced by planting patterns and irrigation levels. 
 

Treatments 2005 2006 Mean 

A. Planting Patterns (P) 

P1= Flat 60 cm 25.45 26.18 25.81 

P2 = Ridge 60 cm 25.08 26.03 25.56 

P3 = Flat 90/30 cm 24.75 25.86 25.31 

P4 = Bed 90/30 cm 25.65 26.60 26.12 

LSD (5%) NS NS  

s.e.m. 0.28 0.30  

B. Irrigation levels (I) 

I0 = No Stress 26.61 a 27.54 a 27.07  

I1 = Pre Anthesis Stress 23.73 c 24.55 c  24.14  

I2 = Anthesis Stress  24.60 b 25.58 b 25.09  

I3 = Post Anthesis Stress 25.99 a 27.01 a 26.50  

LSD (5%) 0.82 0.84  

s.e.m 0.28 0.29  

Interaction (P x I) NS NS  

Year Effect  25.23 26.17  

Means having different letters differ significantly at 5% probability.  
NS = non-significant  
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27.01%) in 2005 and 2006 respectively. Lowest oleic acid was recorded from pre 

anthesis stress (23.73% and 24.55%) in 2005 and 2006 respectively. 

Similar results were reported by Santonoceto et al., (2002) who reported the 

variation in the content of the four major fatty acids (Oleic, linoleic, palmitic and stearic) 

showed that the fatty acid composition of the oil in the initial phases of seed formation 

differed substantially from that of the mature seed. Going from the rainfed treatments to 

that fully watered, the final oleic acid concentration showed progressive increases from 

48.9 to 62.1%. The values were always significantly higher in the three irrigation 

treatments than in the rainfed one. The average final oleic acid concentration in the three 

irrigated treatments were 87.5% against 81.2 % in the rainfed treatment. 

4.1.4 Relationship between agronomic traits, yield and yield components. 

 The highly and positively significant relationship of yield and yield components 

and quality attributes were noted with head diameter, 1000 achene weight and achene 

yield during both years as well as in pooled data (Table 4.18). Highly significant and 

positive correlation was noted in achene yield with plant height, head diameter, number 

of achenes head-1, 1000-achene weight, biological yield, harvest index, oil contents and 

protein contents.  

 The correlation coefficient (r) values of achene yield with yield components were 

highly significant and positive. These values were 0.81, 0.84 and 0.84 for head diameter, 

0.96, 0.90 and 0.95 for number of achenes head-1, 0.95, 0.92 and 0.95 for 1000 achene 

yield, 0.95, 0.94 and 0.94 for biological yield and oil contents values 0.70, 0.67 and 0.70 

for 2005, 2006 and pool data respectively.  



 
 

251

Similar results were reported by Ahmad (1984) who observed a positive response 

of grain yield and yield components. Debaeke at al., (1998) stated that oil concentration 

and grain yield increased together.  

Genotype and phenotype correlation revealed that seed yield had significant 

positive correlations with head diameter, plant height, 1000-seed weight and oil yield. 

Seed yield had significant correlations with oil content Razi and Assad, (1999). Rad et 

al., (2005a) also reported that there were positive correlation between plant height and 

seed weight, head diameter, number of achenes head-1, biological yield, achene yield and 

oil seed contents. 

 

 

 

 

 

 

 

 

 

Table 4.18  Simple correlation coefficient values between some developmental 
parameters of spring sunflower.  

 
 

Parameter 2005 2006 Pool 

Head Diameter vs. No. of achenes head-1 0.88** 0.90** 0.89** 

Head Diameter vs. 1000 achene weight 0.85** 0.85** 0.85** 
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Head Diameter vs. Achene yield 0.81** 0.84** 0.84** 

Head Diameter vs. Oil contents 0.91** 0.89** 0.90** 

Head Diameter vs. Protein contents 0.85** 0.84** 0.85** 

1000 achene wt. vs. Achene yield 0.95** 0.92** 0.95** 

1000 achene weight vs. Oil contents 0.76** 0.72** 0.74** 

1000 achene weight vs. Protein contents 0.76** 0.75** 0.76** 

Achene yield vs. Plant height 0.69** 0.64** 0.68** 

Achene yield vs. Head diameter 0.81** 0.84** 0.84** 

Achene yield vs. No. of achenes head-1 0.96** 0.90** 0.95** 

Achene yield vs. 1000 achene weight. 0.95** 0.92** 0.95** 

Achene yield vs. Biological yield 0.95** 0.94** 0.94** 

Achene yield vs. Harvest index 0.43** 0.36** 0.40** 

Achene yield vs. Oil contents 0.70** 0.67** 0.70** 

Achene yield vs. Protein contents 0.75** 0.70** 0.74** 

** = highly significant 
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Experiment No. II: Determining optimum potassium requirement for mitigating water 

stress effects in spring planted sunflower. 

4.2.1 Agronomic traits, yield and yield components 

4.2.1.1  Plant population plot-1. 

 A uniform plant population was maintained by thinning at 4-5 leaf stage of the 

crop. However, plant population per plot at harvest was again recorded to investigate 

whether various irrigation regimes and potassium levels had any effect on plant survival 

during growth period.  

Irrigation treatment had a non significant effect on plant population per plot 

during both the years (Table 4.19). However on an average plant population ranged from 

166 to 167 per plot. 

Potash levels did not change the planting density status. Results show that a non 

significant difference was observed from potassium levels during both the years. 

Similarly interactive effect of irrigation regimes and potassium levels on plant population 

was also non significant.  

4.2.1.2 Plant height at maturity (cm).  

 Data regarding plant height as affected by various treatments at maturity are given 

in Table 4.20. Different irrigation regimes significantly influenced plant height of 

sunflower during both the years (Table 4.20). In 2005, maximum plant height of 164.47 

cm was achieved from no stress treatment. Plant height of 156.82 and 162.04 cm was 

recorded from anthesis stress and post anthesis stress. Minimum plant height (147.24 cm) 

was observed with pre anthesis stress. Similar trend was observed during second year of 
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experimentation. Corresponding values of these treatments for the year 2006 were 

161.67,  

 

 
Table 4.19 Plant population per plot (3.6m x 7.0m) at harvest as influenced by 

planting patterns and potash applications.  
 

Treatments 2005 2006 Mean 

A. Irrigation levels (I) 

I0 = No Stress 167 167 167 

I1 = Pre Anthesis Stress 166 166 166 

I2 = Anthesis Stress  167 166 167 

I3 = Post Anthesis Stress 167 167 167 

LSD (5%) NS NS  

s.e.m. 0.54 0.23  

B. Potash levels (K) 

K0 = 0 kg ha-1 167 167 167 

K1 = 50 kg ha-1 167 166 167 

K2 = 100 kg ha-1 167 166 166 

K3 = 150 kg ha-1 166 167 167 

LSD (5%) NS NS  

s.e.m 0.29 0.34  

Interaction (I x K) NS NS  

Year Effect  167 167  

Means having different letters differ significantly at 5% probability.  
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NS = non significant  
 
 
 
 
 
 
 
Table 4.20 Plant height (cm) at maturity as influenced by planting patterns and potash 

applications. 
 

Treatments 2005 2006 Mean 

A. Irrigation levels (I) 

I0 = No Stress 164.47 a 161.67 a 163.06  

I1 = Pre Anthesis Stress 147.24 d 144.87 d 146.05  

I2 = Anthesis Stress  156.82 c 153.20 c 155.01  

I3 = Post Anthesis Stress 162.04 b 156.02 b 159.03  

LSD (5%) 1.71 2.07  

s.e.m. 0.49 0.60  

B. Potash levels (K) 

K0 = 0 kg ha-1 156.97 153.28 155.13   

K1 = 50 kg ha-1 157.59 153.89 155.74  

K2 = 100 kg ha-1 158.28 154.56 156.42  

K3 = 150 kg ha-1 157.71 154.02 155.87  

LSD (5%) NS NS  

s.e.m 0.25 0.32  

Interaction (I x K) NS NS  

Year Effect  157.64 153.94  
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Means having different letters differ significantly at 5% probability.  
NS = non significant  

 
 

153.20, 156.02 and 144.87 cm from no stress, anthesis stress, post anthesis stress and pre 

anthesis stress respectively. On over all average basis of two years data, no stress 

treatment produced 11% taller plants than pre anthesis stress. Irrigation skipped at pre 

anthesis stress resulted in decreased plant height during both the years. Parallel results 

were reported by Al-Ghamdi et al., (1991) reported that plant height was decreased with 

longer intervals between irrigations. Further more Razi and Assad, (1999) also reported 

that water stress significantly decreased plant height under normal and limited irrigation.  

 Application of potassium produces statistically non significant difference on plant 

height among all the treatments during both the years. Data ranged between 144.87 cm 

and 164.47 cm during both the years. Interactive effect of irrigation levels and potash 

levels was found to be non significant. These results were in line with the findings of 

Ayub et al., (1999) who evaluated that different levels of K and concluded that it did not 

significantly affect the plant height (177.5 cm to 180.02 cm). 

4.2.1.3 Head Diameter at maturity (cm)  

 Data presented in Table 4.21 shows the impact of different irrigation levels and 

potassium levels on head diameter during both the years. Different irrigation levels 

significantly influenced the head diameter of sunflower in both years of experimentation. 

Maximum head diameter was recorded from no stress (20.09 and 19.48 cm) during 2005 

and 2006 respectively. Minimum head diameter was recorded from pre anthesis stress 

(15.57 and 15.09 cm) during 2005 and 2006 respectively. Similar results were reported 

by Sarkar and Chakraborty (1995) who found that 3 irrigations produced significantly 
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maximum head diameter over 2 and 1 irrigations. Bakhsh et al., (1999) studied the effect 

of irrigation frequencies. Head diameter (11, 14, 13, 16 and 15cm were reported from 0, 

2,  

 

 

Table 4.21 Head diameter (cm) at maturity as influenced by planting patterns and 
potash applications. 

 

Treatments 2005 2006 Mean 

A. Irrigation levels (I) 

I0 = No Stress 20.09 a 19.48 a 19.79  

I1 = Pre Anthesis Stress 15.57 d 15.09 d 15.33  

I2 = Anthesis Stress  16.04 c 15.78 c 15.91  

I3 = Post Anthesis Stress 18.11 b 17.48 b 17.79  

LSD (5%) 0.28 0.29  

s.e.m. 0.13 0.09  

B. Potash levels (K) 

K0 = 0 kg ha-1 16.70 b 16.24 b 16.47  

K1 = 50 kg ha-1 16.75 b 16.29 b 16.52  

K2 = 100 kg ha-1 18.06 a 17.53 a 17.80  

K3 = 150 kg ha-1 18.31 a 17.77 a 18.04  

LSD (5%) 0.42 0.40  

s.e.m 0.08 0.14  

Interaction (I x K) NS NS  
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Year Effect  17.45 16.96  

Means having different letters differ significantly at 5% probability.  
NS = non significant  

 

4, 6 and 8 irrigations respectively and six irrigations were found optimum. Ardakani et 

al., (2005b) found that water stress treatments, no irrigation at any stage reduced head 

diameter. 

 Increasing rate of fertilizer application significantly enhanced head diameter over 

lower rates of fertilizer application in both the years. Maximum head diameter was 

recorded from 150 kg ha-1 K that produced (18.31 and 17.77 cm) during 2005 and 2006 

respectively and these results were at par with 100 kg ha-1 K (18.06 and 17.53 cm). 

Application of 0 kg ha-1 K and other levels of potassium produced smallest head diameter 

(16.70 and 16.24 cm) during 2005 and 2006 respectively and these results were 

statistically similar with 50 kg ha-1 K (16.75 and 16.29 cm). Differences among the 

various combinations of irrigation treatments and potash levels was non significant 

during both the years. 

 These results are in line with those of Mehmood (1991) and Ahmad (1993) who 

concluded that different levels of K application significantly increased the head diameter. 

Application of K beyond 100 kg ha-1 did not increase head diameter. Sadiq et al., (2000) 

reported the significant increase in head diameter (10.2 to 14.2 cm) with each increment 

of fertilizer.   

4.2.1.4 Number of achenes head-1      

 The results (Table 4.22) showed that the average number of achenes head-1 was 

significantly affected by irrigation regimes and potassium levels during both the years of 
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experimentation. Shortage of irrigation at critical stages is the major cause of decrease in 

number of achenes head-1 and it directly influence the achene yield of sunflower. 

Irrigation treatments significantly influenced the number of achenes head-1. Highest  

 

 
Table 4.22 Number of achenes head-1 as influenced by planting patterns and potash 

applications. 
 

Treatments 2005 2006 Mean 

A. Irrigation levels (I) 

I0 = No Stress 1062.07 a 1026.42 a 1044.25  

I1 = Pre Anthesis Stress 865.4 d 845.35 d 855.37  

I2 = Anthesis Stress  934.68 c 906.63 c 920.65  

I3 = Post Anthesis Stress 1004.71 b 974.99 b 989.85  

LSD (5%) 43.26 41.96  

s.e.m. 10.36 14.13  

B. Potash levels (K) 

K0 = 0 kg ha-1 937.28 b 905.34 b 921.31   

K1 = 50 kg ha-1 949.63 b 918.64 b 934.13  

K2 = 100 kg ha-1 986.5 a 959.40 a 972.95  

K3 = 150 kg ha-1 993.45 a 970.01 a 981.73  

LSD (5%) 33.41 32.51  

s.e.m 10.45 12.34  

Interaction (I x K) NS NS  
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Year Effect  966.72 938.35  

Means having different letters differ significantly at 5% probability.  
NS = non significant  

 

number of achenes head-1 was recorded from no stress (1062 and 1026) during 2005 and 

2006 against lowest was recorded from pre anthesis stress (865 and 845) in 2005 and 

2006 respectively. Pre anthesis stress produced 19% and 18% less number of achenes 

head-1 over no stress during both the years of experimentation. 

Supporting results were reported by Debaeke at al., (1998) who concluded that 

when drought occurs before anthesis, grain yield and achene number m-2 were decreased. 

When drought occurs the achene number was decreased by water stress during the 

vegetative and flowering period, soil water depletion and water stress at flowering, which 

reduced achene production over the range of 3000-12000 achenes m-2. Khan et al., (2000) 

found a decreasing trend in number of achenes per head (70 to 183) observed as the level 

of water stress increased from 100% to 25% of field capacity. Tahir and Mehdi (2001) 

evaluated in the field under normal and water stress condition. Head diameter was 

reduced under water stress. 

 Number of achenes head-1 was significantly influenced by potassium application 

during both the years. In 2005, Potassium application @ 150 kg ha-1 produced maximum 

number of achenes head-1 (993) and it was at par with 100 kg ha-1 K (986). Minimum 

number of achenes head-1 was produced by 0 kg ha-1 K (937). Potassium @ 50 kg ha-1 

(949) produces statistically similar results where no fertilizer was applied. Similar trend 

was observed during the second year of experimentation. Interactive effect of irrigation 
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regimes and potassium application produce statistically non-significant difference among 

all the treatments 

 These results are quite in line with the findings of Mehmood (1991) who observed 

the effect of different levels of  ‘K’ on the growth and seed yield of spring sunflower and 

found that number of achenes per head was affected significantly by K application. 

Pervaiz (1996) evaluated that number of achenes per head significantly affected different 

levels of K application.  

4.2.1.5 1000-achene weight (g) 

Data pertaining in Table 4.23 revealed that there was a significant difference 

among all the treatments of different irrigation levels and potassium application.  

Data suggested that no stress treatment produced the maximum 1000-achene 

weight (55.85 and 54.32 g) in 2005 and 2006 against the minimum was recorded from 

pre anthesis stress (48.44 g and 47.15 g) during 2005 and 2006 respectively. Debaeke at 

al., (1998) reported complimentary results that early sunflower growth was limited when 

the water availability was reduced during flowering. Full irrigation produced maximum 

grain production, because of a pronounced water deficit during most of the growing 

season. Best 1000-achene weight can be obtained in the absence of stressful 

environmental conditions during grain filling. Bakhsh et al., (1999) reported that 

maximum 1000-grain weight (up to 33g) was significantly affected by irrigation levels 

and six irrigations were found optimum. Razi and Assad (1999) reported that water stress 

significantly decreased yield and its components, however, the highest direct effect, was 

exhibited by 1000-seed weight in normal and limited irrigation environments. 
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1000-achene weight was increased with the each increment of potash level. 

Lowest 1000-achene weight was recorded from 0 kg ha-1 K (49.92 and 48.39 g) for the 

period of 2005 and 2006 while the highest was obtained from 150 kg ha-1 K (53.21 and 

51.84 g) in 2005 and 2006 respectively. Supporting results were reported by Li and Guan 

(1989) who concluded that application of 113 kg KCl ha-1 increased 1000-seed weight up  

Table 4.23 1000-achene weight (g) as influenced by planting patterns and potash 
applications. 

Treatments 2005 2006 Mean 
A. Irrigation levels (I) 
I0 = No Stress 55.85 a 54.32 a 55.09   
I1 = Pre Anthesis Stress 48.44 d 47.15 d 47.80  
I2 = Anthesis Stress  50.28 c 48.94 c 49.61  
I3 = Post Anthesis Stress 52.24 b 50.72 b 51.48  
LSD (5%) 0.90 0.74   
s.e.m 0.28 0.21  
B. Potash levels (K) 
K0 = 0 kg ha-1 49.92 d 48.39 d 49.15  
K1 = 50 kg ha-1 51.14 c 49.71 c 50.43  
K2 = 100 kg ha-1 52.55 b 51.20 b 51.88  
K3 = 150 kg ha-1 53.21 a 51.84 a 52.52  
LSD (5%) 0.47  0.47  
s.e.m 0.16 0.21  
Interaction (I x K) 
I0 K0 54.01 d 52.35 d 53.21  
I0 K1 55.10 c 53.36 c 54.23  
I0 K2 56.63 b 55.32 b 55.97  
I0 K3 57.61 a 56.27 a 56.94  
I1 K0 47.71 j 46.44 i 47.08  
I1 K1 48.29 ij 47.00 hi 47.65  
I1 K2 48.60 hij 47.31 hi 47.96  
I1 K3 49.17 ghi 47.86 gh 48.51  
I2 K0 48.62 hij 47.33 hi 47.96  
I2 K1 49.73 g 48.40 g 49.07  
I2 K2 50.71 f 49.36 f 50.04  
I2 K3 52.06 e 50.67 e 51.36  
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I3 K0 49.27 gh 47.44 h 48.35  
I3 K1 51.45 ef 50.08 ef 50.76  
I3 K2 54.26 cd 52.82 cd 53.54  
I3 K3 54.00 d 52.56 cd 53.28  
LSD (5%) 0.94 0.95   
s.e.m 0.24 0.33  
Year Effect  51.70 50.29  

Means having different letters differ significantly at 5% probability.  
NS = non significant    
to 11.76% compared with the control. Khan et al., (1999) noted the highest 1000-seed 

weight (53.71g) was obtained from the plot fertilized with 150 kg K ha-1, while the 

minimum 1000-seed weight (46.41g) was obtained in control plots. Malik et al., (2004) 

reported that heaviest achenes (74.63g/1000 achenes) were obtained when the crop was 

fertilized @ 130-90-90 kg NPK ha-1.  

 Interactive effect of irrigation and potassium levels was statistically significant. 

No stress with 150 kg ha-1 K produced achene weight of (57.61 and 56.27 g) in 2005 and 

2006 over all the treatments. Post anthesis stress with 100 kg ha-1 K produced 1000 

achene weight of (54.26 and 52.82 g) and post anthesis stress with 150 kg ha-1 K (54 and 

52.56 g) showed statistically similar results, which in turn statistically remained at par 

among no stress with 0 kg ha-1 K (54.01 and 52.35 g) in 2005 and 2006 respectively. Pre 

anthesis with all fertilizer levels (0, 50, 100, 150 kg ha-1 K) produces statistically similar 

results. Minimum 1000-achene weight was recorded from pre anthesis stress with 0 kg 

ha-1 K (47.71 and 46.44 g) in 2005 and 2006 respectively. No stress with 150 kg ha-1 K 

produced 17% and 18 % more weight over pre anthesis stress with 0 kg ha-1 K. 

4.2.1.6 Biological yield (kg ha-1)   

Table 4.24 shows that different irrigation treatment and potash application 

affected biological yield in both years. Normal irrigation enhanced biological yield over 
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rest of the treatments. Highest biological yield was produced by normal irrigation (7986 

and 7671 kg ha-1) in 2005 and 2006 and this was followed by post anthesis stress (7638 

and 7458 kg ha-1), anthesis stress (7311 and 6953 kg ha-1) and pre anthesis stress (6764 

and 6556 kg ha-1) for the period of 2005 and 2006 respectively. Pre anthesis gave lowest 

biological yield and it was 16%, 11% and 9% less than no stress, post anthesis and  

Table 4.24 Biological yield (kg ha-1) as influenced by planting patterns and potash 
applications. 

 
Treatments 2005 2006 Mean 
A. Irrigation levels (I) 
I0 = No Stress 7985.80 a 7670.61 a 7828.21  
I1 = Pre Anthesis Stress 6764.02 d 6555.77 d 6659.89  
I2 = Anthesis Stress  7311.36 c 6952.71 c 7132.04  
I3 = Post Anthesis Stress 7638.08 b 7458.27 b 7548.17  
LSD (5%) 140.9 110.1  
s.e.m 40.71 36.43  
B. Potash levels (K) 
K0 = 0 kg ha-1 6844.42 d 6540.96 d 6692.69  
K1 = 50 kg ha-1 7103.32 c 6868.46 c 6985.89  
K2 = 100 kg ha-1 7841.98 b 7573.24 b 7707.61  
K3 = 150 kg ha-1 7909.53 a 7654.69 a 7782.11  
LSD (5%) 59.71 54.25  
s.e.m 20.46 26.19  
Interaction (I x K) 
I0 K0 7324.22 e 6940.58 e 7132.40  
I0 K1 7589.99 d 7246.47 d 7418.23  
I0 K2 8468.25 a 8199.55 a 8333.90  
I0 K3 8560.76 a 8295.82 a 8428.29  
I1 K0 6272.37 j 6116.63 h 6194.50  
I1 K1 6436.53 i 6276.71 g 6356.62  
I1 K2 7154.10 f 6867.51 e 7010.80  
I1 K3 7193.06 f  6962.23 e 7077.65  
I2 K0 6655.40 h 6354.18 g 6504.79  
I2 K1 7006.63 g 6689.51 f 6848.07  
I2 K2 7754.68 c 7348.49 cd 7551.59  
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I2 K3 7828.72 c 7418.66 c 7623.69  
I3 K0 7125.70 fg 6752.46 f 6939.08  
I3 K1 7380.11 e 7261.14 d 7320.63  
I3 K2 7990.91 b 7877.43 b 7934.17  
I3 K3 8055.59 b 7942.04 b 7998.82  
LSD (5%) 119.4 108.5  
s.e.m 40.91 31.43  
Year Effect  7424.81 7159.34  

Means having different letters differ significantly at 5% probability.  
 

anthesis stress respectively. Biological yield decreased in the order of no stress > post 

anthesis stress > anthesis stress > pre anthesis stress. 

These results were in sequence with those of Sobrado and Turner (1983) who 

noted that water stress reduced dry matter . Unger (1983) reported that irrigation at 

budding favored dry matter production. Highest total dry matter yield was obtained with 

the full irrigation treatment. Chimenti et al., (2002) found a significant effect of drought 

on biomass at the end of anthesis and at physiological maturity. Santonoceto et al., 

(2002) evaluated that dry matter was higher in the three irrigated treatments than the 

rainfed one.  

Potash application significantly enhanced biological yield among all the 

treatments. Biological yield increased with the increase in potash levels. Lowest 

biological yield (6844 and 6541 kg ha-1) was recorded at control (0 kg ha-1) whereas, 

maximum biological yield (7910 and 7655 kg ha-1) was observed at K3 treatment (150 kg 

ha-1) during 2005 and 2006 respectively.  

Favorable results were reported by Lindhauer (1989) who found that during all 

growth stages and even under water stress conditions up to five times higher K 

concentration in the tissue of plants cause an increase in dry matter production. Mehmood 
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(1991) observed the effect of different levels of ‘K’ on the growth and yield of spring 

sunflower and found that dry matter production was affected significantly by K 

application. Ramzan (1994) noted significant effect of K2O on biological yield of 

sunflower.  

Interaction of irrigation treatment and potash application on biological yield was 

statistically significant in both years. Best combination was recorded from no stress with  

150 kg ha-1 (8561 and 8296 kg ha-1) in 2005 and 2006 and these results were at par with 

normal irrigation and fertilized @ 100 kg ha-1 K in 2005 and 2006 respectively. 

Statistically similar results were produced at post anthesis stress with 150 kg ha-1 K (8056 

and 7942 kg ha-1) in 2005 and 2006 and 100 kg ha-1 K (7991 and 7877 kg ha-1) in 2005 

and 2006 respectively. Anthesis stress with 150 and 100 kg   ha-1 K produced more 

biological yield than no stress with 50 kg ha-1 and 0 kg ha-1 K. Minimum biological yield 

was recorded from pre anthesis with 0 kg ha-1 K (6272 and 6117 kg ha-1) in 2005 and 

2006 respectively. Best combination of no stress with 150 kg ha-1 produced 27% more 

biological yield over pre anthesis stress with no potash application. 

4.2.1.7 Achene yield (kg ha-1) 

Supplemental irrigation scheduled by the water balance method results in higher 

yields. Yield reductions depend on the degree of plant water stress at critical stages of 

growth. When supply of water limits seed yields are frequently limited as well. Irrigation 

levels significantly influence achene yield of sunflower during both the years. Highest 

achene yield (Table 4.25) was recorded from normal irrigation (2964 and 2869 kg ha-1) 

during 2005 and 2006. Achene yield was significantly decreased with less number of 

irrigations. Reduction in achene yield under stress conditions might be attributed to 
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disorder in vegetative growth, reduced 1000-achene weight under these treatments as 

compared with normal irrigation which reflected higher achene yield. Lowest achene 

yield was recorded from pre anthesis stress (2209 and 2135 kg ha-1) in 2005 and 2006. 

No stress produced 25%, 15% and 9% more achene yield than pre anthesis, anthesis and  

 

Table 4.25 Achene yield (kg ha-1) as influenced by planting patterns and potash 
applications. 

 
Treatments 2005 2006 Mean 
A. Irrigation levels (I) 
I0 = No Stress 2963.56 a 2868.92 a 2916.24  
I1 = Pre Anthesis Stress 2208.57 d 2135.82 d 2172.19  
I2 = Anthesis Stress  2529.90 c 2442.54 c 2486.22  
I3 = Post Anthesis Stress 2749.63 b 2631.38 b 2686.07  
LSD (5%) 24.37 9.69  
s.e.m 7.04 2.80  
B. Potash levels (K) 
K0 = 0 kg ha-1 2145.57 d 2086.26 c 2115.91  
K1 = 50 kg ha-1 2454.76 c 2404.79 b 2425.34  
K2 = 100 kg ha-1 2906.94 b 2782.83 a 2844.89  
K3 = 150 kg ha-1 2944.39 a 2804.80 a 2874.59  
LSD (5%) 32.64  27.20  
s.e.m 11.18  9.32  
Interaction (I x K) 
I0 K0 2490.21 g 2461.94 f 2476.08  
I0 K1 2739.25 e 2708.16 d 2723.71  
I0 K2 3268.11 b 3124.72 b 3196.41  
I0 K3 3356.69 a 3180.87 a 3268.78  
I1 K0 1722.68 k 1694.91 k 1708.80  
I1 K1 2095.53 j 2029.03 j 2062.28  
I1 K2 2497.64 g 2394.59 g 2446.11  
I1 K3 2518.43 g 2424.74 fg 2471.59  
I2 K0 2053.53 j 1977.14 j 2015.33  
I2 K1 2381.26 h 2326.11 h 2353.59  
I2 K2 2837.48 d 2748.46 d 2792.97  
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I2 K3 2847.43 d 2718.47 d 2782.90  
I3 K0 2315.85 i 2211.03 i 2263.44  
I3 K1 2603.00 f 2555.84 e 2561.71  
I3 K2 3024.55 c 2863.55 c 2944.05  
I3 K3 3055.11 c 2895.08 c  2975.09  
LSD (5%) 65.28 54.40  
s.e.m 22.37 18.64  
Year Effect  2612.92 2519.67  

Means having different letters differ significantly at 5% probability.  
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Fig. 4.9  Relationship between achene yield (kg ha-1) and number of 
achenes per head of sunflower for (a)2005 (b) 2006 (c) mean data. 
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Fig. 4.10  Relationship between  achene yield (kg ha-1) and 1000 achene 
weight (g) of sunflower for (a) 2005 (b) 2006 (c) mean data. 
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Fig. 4.11  Relationship between achene yield (kg ha-1) and biological yield 
(kg ha-1) of sunflower for (a) 2005 (b) 2006 (c) mean data. 
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Potassium levels produced statistically significant difference among achene yield. 

Achene yield was increased with the each increment of potash application. In 2005, 

maximum achene yield was recorded from 150 kg ha-1 K. Nearest but statistically 

different value was recorded from 100 kg ha-1 of potassium that produced achene yield of 

2907 kg ha-1 against the minimum achene yield was recorded from control treatment or 

no potash application (2146 kg ha-1). In 2006, potash applied @ 150 and 100 kg ha-1 

produced statistically similar results. Highest achene yield was recorded from 150 and 

100 kg ha-1 K that was 2805 and 2783 kg ha-1 respectively. Potash plays an important role 

in quality and quantity parameter under potash deficit soil. Control treatment (0 kg ha-1 

K) reduced the yield up to 26% over 150 kg ha-1 K. 

Interactive effect of irrigation treatment and potash application produced 

statistically significant difference among all the treatments. Best combination was 

recorded from no stress with 150 kg ha-1 K produced (3357 and 3181 kg ha-1) of achene 

yield followed by no stress with 100 kg ha-1 (3268 and 3125 kg ha-1) in 2005 and 2006 

respectively. Post anthesis stress with 150 kg ha-1 K yielded (3055 and 2895 kg ha-1) and 

100 kg ha-1 K produced (3025 and 2864 kg ha-1) of achene yield for 2005 and 2006 

respectively. Lowest achene yield was recorded at pre anthesis stress with 0 kg ha-1 K 

(1722.68 and 1694.91 kg ha-1) in 2005 and 2006 respectively. 

Achene yield was positively correlated with, number of achenes head-1 ( r = 

0.84** and 0.88**, Fig. 4.9), 1000 achene weight ( r = 0.86 and 0.89**, Fig. 4.10) and 

biological yield (r = 0.99** and 0.98**, Fig. 4.11) in 2005 and 2006 respectively. The 

common regression accounted for 72, 77 and 98% of the variation in achenes yield for 

the mean data of number of achenes head-1, 1000-achene weight and biological yield 
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respectively. Figures (4.9, 4.10 and 4.11) indicated that achenes yield increased with 

increase in number of seeds head-1, 1000 achene weight and biological yield. 

 Maximum achene yield at I0K3 treatment might be due to its yield components 

which were significantly influenced the achene yield. Leaf area index also substantiated 

the achene yield during both the years of study (Fig 4.12, 4.13).   

4.2.2 Growth 

4.2.2.1 Leaf area index  

 Data on leaf area index recorded at fortnight intervals in different irrigation levels 

and potassium application for both the years show the trend in Fig 4.12 and 4.13. 

 Irrigation treatments and potash levels showed non-significant difference among  

 

 

Table 4.26 Leaf area index (75 DAS) as influenced by planting patterns and potash 
applications.  

 

Treatments 2005 2006 Mean 

A. Irrigation levels (I) 

I0 = No Stress 3.21 a 3.14 a 3.18  

I1 = Pre Anthesis Stress 2.37 c 2.29 c 2.33  

I2 = Anthesis Stress  2.82 b 2.68 b 2.75  

I3 = Post Anthesis Stress 3.23 a 3.08 a 3.16  

LSD (5%) 0.10 0.09  

s.e.m. 0.03 0.09  
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B. Potash levels (K) 

K0 = 0 kg ha-1 2.87 2.77 2.82 

K1 = 50 kg ha-1 2.88 2.78 2.83 

K2 = 100 kg ha-1 2.92 2.81 2.86 

K3 = 150 kg ha-1 2.96 2.83 2.90 

LSD (5%) NS NS  

s.e.m 0.03 0.11  

Interaction (I x K) NS NS  

Year Effect  2.91 2.80  

Means having different letters differ significantly at 5% probability.  
NS = non significant  
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Fig. 4.12  Effect of different irrigation levels (a) and potash application (b) on leaf 
area index during 2005. 
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Fig. 4.13  Effect of different irrigation levels (a) and potash application (b) on leaf 
area index during 2006. 
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Fig. 4.14  Relationship between leaf area index and crop growth rate (g m-2  
day-1) of sunflower for (a) 2005 (b) 2006 (c) mean data. 
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anthesis stress) and normal stress produce statistically similar results of 3.23 and 3.21 

respectively while maximum was resulted from post anthesis stress. Lowest leaf area 

index was recorded from pre anthesis stress (2.37). There was a slightly change in 2006. 

In 2006 maximum leaf area index was observed from normal irrigation (3.14) these 

results were at par with post anthesis stress (3.08). On the average of two year data leaf 

area index decreased in order of no stress > post anthesis stress > anthesis stress > pre 

anthesis stress. Potassium levels again had non significant difference among all 

treatments. Interactive effect of irrigation and potassium was non significant during both 

the years of experimentation. 

Data related with 90 days after sowing showed that irrigation and potassium 

influenced significantly during both the years. There was a minimum decrease in (LAI) 

90 days after sowing as compare to 75 days after sowing. Highest leaf area index was 

recorded from normal irrigation (3.15 and 3.05) during 2005 and 2006 against minimum 

was recorded from pre anthesis stress which produce 2.26 and 2.20 in 2005 and 2006 

respectively. 

Positive results were reported by Hussain et al., (2000) who tested three moisture  

levels, i.e. 100, 50 and 25% of field capacity, results showed that water stress decreases 

the leaf area ratio. Tahir et al., (2002) evaluated sunflower under water stress and normal 

irrigation. Results showed that leaf area was decreased up to 25.56 % under water stress 

condition. Ardakani et al., (2005a) showed that significant difference was recorded for 

Leaf Area Index under different irrigation treatments. Daneshian et al., (2005c) results 

showed that water stress reduced leaf area index and minimum leaf area index was 

recorded under drought conditions.  
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Leaf area index was decreased as potassium level declined. Significant effect was 

only recorded in 90 days after sowing. In 2005, maximum leaf area index was recorded 

from 150 kg ha-1 K (2.87) against minimum was recorded from control (0 kg ha-1 K). 

Statistically similar results were recorded from 100 kg ha-1 K (2.77) and 50 kg ha-1 K 

(2.75). In second year trial maximum leaf area index was recorded from 150 kg ha-1 K, 

these results were statistically at par with 100 kg ha-1 K (2.69) and 50 kg ha-1 K (2.66). 

Treatment K1 (50 kg ha-1) again produced at par results with no potash application (2.60). 

Interaction results of irrigation treatments and potassium levels show statistically non 

significant difference during both the years of experimentation. There was a positive 

relationship between leaf area index and crop growth rate in both the seasons as shown in 

Fig. 4.14. Similar results were reported by Sarkar et al., (1987) who reported that 

increasing doses of K demonstrated that there was non-significant increase in leaf area 

index. Lindhauer (1989) cultivated sunflower plants in pots containing 12 kg of soil 

fertilized with 0.6g K (K1) and 5gK/pot (K2). Higher K concentration in the tissue of K2 

plants cause an increase in leaf area that was relatively little reduced under water stress 

than the leaf area of K1 plants.  

Leaf area index was positively correlated with average crop growth rate ( r = 

0.89** and 0.95**, Fig 4.14) during both the years of experimentation. The common 

regression accounted for 88% of the variation in leaf area index for the mean data (Fig 

4.14) indicated that average crop growth rate increase with increased in leaf area index. 

4.2.2.2 Average crop growth rate (g m-2 day-1) 

 Data pertaining to average crop growth rate recorded at fortnight intervals at 

different irrigation levels and potassium levels for both the years depicted in Fig 4.15 and  
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4.16. Average crop growth rate increased, due to increase in dry matter accumulation. 

With the time it reached its maximum value showing significant variation among 

different treatments and thereafter declined up to harvest of crop.  

 Different irrigation treatments significantly influenced average crop growth rate 

during both the years (Table 4.27). During 2005, highest average crop growth rate was 

recorded from no stress (9.16 g m-2 day-1) followed this post anthesis stress attain average 

crop growth rate of 8.56 g m-2 day-1, these results were statistically at par with anthesis 

stress (8.10 g m-2 day-1) that in turn statistically remained at par with pre anthesis stress 

(7.57 g m-2 day-1). Minimum average crop growth rate was recorded at pre anthesis stress. 

In 2006, the trend was little bit changed and the maximum average crop growth 

rate was recorded from no stress (9.42 g m-2 day-1) but these results were statistically 

similar with pre anthesis stress, which produced the lowest average crop growth rate. 

Results were supported with the findings of Ardakani et al., (2005a) who reported that 

effect of water stress on crop growth rate was significant.  

 Potassium application rates significantly enhanced average crop growth rate  

during both the years of experimentation. During first year the results were not more  

 

 

Table 4.27 Average crop growth rate (g m-2 day-1) as influenced by planting patterns 
and potash applications. 

 

Treatments 2005 2006 Mean 

A. Irrigation levels (I) 

I0 = No Stress 9.16 a 9.42 a 9.29   
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I1 = Pre Anthesis Stress 7.57 c 7.76 c 7.67   

I2 = Anthesis Stress  8.10 bc 8.58 b 8.34  

I3 = Post Anthesis Stress 8.56 b 9.08 a 8.82  

LSD (5%) 0.57 0.45  

s.e.m. 0.16 0.13  

B. Potash levels (K) 

K0 = 0 kg ha-1 8.16 c 8.48 b 8.32   

K1 = 50 kg ha-1 8.26 bc 8.59 b 8.43  

K2 = 100 kg ha-1 8.40 ab 8.85 a 8.62  

K3 = 150 kg ha-1 8.58 a 8.92 a 8.75  

LSD (5%) 0.21 0.24  

s.e.m 0.17 0.08  

Interaction (I x K) NS NS  

Year Effect  8.35 8.71  

Means having different letters differ significantly at 5% probability.  
NS = non significant  
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Fig. 4.15  Effect of different irrigation levels (a) and potash application (b) on crop 
growth rate (g m-2 day-1) during 2005. 
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Fig. 4.16  Effect of different irrigation levels (a) and potash application (b) on crop 
growth rate (g m-2 day-1) during 2006. 
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pronounced. All the treatment showed the close relation among one another. Maximum 

average crop growth rate was recorded from 150 kg ha-1 K (8.58 g m-2 day-1) and these 

results were statistically at par with 100 kg ha-1 K (8.40 g m-2 day-1). Crop growth rate 

values recorded at 150 kg ha-1 K (8.92 g m-2 day-1) and at 100 kg ha-1 K (8.85 g m-2 day-1) 

were statistically at par with each other. Similarly 0 kg ha-1 K (8.48 g m-2 day-1) and 50 

kg ha-1 K (8.59 g m-2 day-1) produce statistically similar results among each other. 

Maximum average crop growth rate was recorded from 150 kg ha-1 K against the 

minimum was recorded from 0 kg ha-1 K. 

Results were supported with the findings of Sarkar et al., (1987) while assessing 

the response of increasing doses of K demonstrated that there was an optimal level for 

crop growth rate to ensure high yield potential. With the use of 60 kg K ha-1 which could 

be denoted as the optimum input requirement of this nutrient under the existing set of 

conditions. Interactive effect of irrigation treatments and potash application on average 

crop growth rate was non significant. 

4.2.2.3 Net assimilation rate (g m-2 day-1) 

 Data related with irrigation treatments (Table 4.28) showed that net assimilation 

rate increased in the stressed condition and it was less in normal irrigation. Significant 

differences in mean net assimilation rate were observed among different irrigation 

treatments. In 2005, stress applied at pre anthesis stage showed the maximum net 

assimilation rate (5.06 g m-2 day-1) which was at par with normal irrigation (4.88 g m-2 

day-1). Lowest value of net assimilation rate was recorded under post anthesis stress (4.67 

g m-2 day-1) which was statistically at par with anthesis stress (4.73 g m-2 day-1). In next 

year the results were slightly different from 2005. In 2006, highest value was recorded  
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Table 4.28 Net assimilation rate (g m-2 day-1) as influenced by planting patterns and 
potash applications.  

 

Treatments 2005 2006 Mean 

A. Irrigation levels (I) 

I0 = No Stress 4.88 ab 5.15 b 5.02  

I1 = Pre Anthesis Stress 5.06 a 5.32 a 5.19  

I2 = Anthesis Stress  4.73 b 5.16 b 4.95  

I3 = Post Anthesis Stress 4.67 b 5.09 b 4.88  

LSD (5%) 0.25 0.14  

s.e.m. 0.07 0.11  

B. Potash levels (K) 

K0 = 0 kg ha-1 4.81 5.14 4.97 

K1 = 50 kg ha-1 4.80 5.12 4.96 

K2 = 100 kg ha-1 4.85 5.25 5.05 

K3 = 150 kg ha-1 4.87 5.22 5.04 

LSD (5%) NS NS  

s.e.m 0.04 0.09  

Interaction (I x K) NS NS  

Year Effect  4.83 5.18  

Means having different letters differ significantly at 5% probability.  
NS = non significant  
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from pre anthesis but it was statistically significant and higher than all other treatments. 

Remaining three treatments showed statistically similar results. Post anthesis produced 

the lowest net assimilation rate (5.09).  

Similar results were reported by Hussain et al., (2000) who reported that moisture 

level had significant effect on net assimilate rate. Mean for net assimilation rate at 

various moisture levels differed significantly for 100% (field capacity) moisture level as 

compared to 50 and 25% moisture level. The maximum value for net assimilation rate 

(0.548 g m-2 day-1) was recorded at 25% moisture against 0.405 g m-2 day-1 at 100% and 

0.495 g m-2 day-1 at 50% moisture level 

 Potash level did not influence net assimilation rate. Results showed non 

significant difference among all the treatments. Similar results were reported by Sarkar et 

al., (1987) who concluded that net assimilation rate was different against the potassium 

levels but the results were non significant among K levels. Interaction of irrigation levels 

and potash application had non-significant difference.        

4.2.2.4 Harvest Index (%) 

Relationship between total dry biomass and seed yield of a crop is expressed in 

terms of harvest index that reflects ability of a plant to partition total dry biomass 

between seed and other plant parts.  

Data (Table.4.29) on average basis reported that irrigation treatments significantly 

affected the harvest index. No stress produced maximum value (37.15%) over the 

minimum (32.46%) was recorded from pre anthesis stress. Pre anthesis stress had 

negative impact on seed yield and biological yield that ultimately decreased the value of 

harvest index. No stress produced 5%, 7% and 13% more harvest index than post anthesis  
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Table 4.29 Harvest index (%) as influenced by planting patterns and potash 
applications. 

 
Treatments 2005 2006 Mean 
A. Irrigation levels (I) 
I0 = No Stress 36.97 a 37.33 a 37.15  
I1 = Pre Anthesis Stress 32.49 d 32.44 c 32.46  
I2 = Anthesis Stress  34.46 c 34.99 b 34.72  
I3 = Post Anthesis Stress 35.89 b 35.07 b 35.48  
LSD (5%) 0.96 0.82   
s.e.m 0.27 0.24  
B. Potash levels (K) 
K0 = 0 kg ha-1 31.21 c 31.76 c 31.49  
K1 = 50 kg ha-1 34.48 b 34.80 b 34.64  
K2 = 100 kg ha-1 36.99 a 36.69 a 36.84  
K3 = 150 kg ha-1 37.14 a 36.57 a 36.85   
LSD (5%) 0.45 0.46   
s.e.m 0.15 0.19  
Interaction (I x K) 
I0 K0 34.01 f 35.48 ef 34.74  
I0 K1 36.09 cd 37.37 bcd 36.73  
I0 K2 38.59 ab 38.11 ab 38.35  
I0 K3 39.21 a 38.35 a 38.78  
I1 K0 27.46 i 27.71 j 27.59  
I1 K1 32.56 g 32.33 h 32.45  
I1 K2 34.92 e 34.88 g 34.90  
I1 K3 35.02 e 34.83 g 34.93  
I2 K0 30.85 h 31.11 i 30.98  
I2 K1 34.00 f 34.79 g 34.40  
I2 K2 36.59 c 37.40 bc 37.00  
I2 K3 36.38 c 36.65 cde 36.51  
I3 K0 32.50 g 32.75 h 32.63  
I3 K1 35.27 de 34.72 g 35.00  
I3 K2 37.86 b 36.36 ef 37.11  
I3 K3 37.94 b 36.45 de 37.20  
LSD (5%) 0.90 0.92  
s.e.m 0.31 0.23  
Year Effect  34.95 34.96  

Means having different letters differ significantly at 5% probability.  
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stress, anthesis stress and pre anthesis stress respectively. 

These results corroborate the findings of Fereres et al., (1986) concluded that 

water deficit reduced harvest Index (HI). The reduction in HI was probably due to 

adjustments in seed number with less variation in individual seed weight. In turn, the 

reduction in seed number was due to a combination of reduced head size and of the area 

having viable seeds. Ardakani et al., (2005b) reported that water stress treatments, no 

irrigation at any stage reduced harvest index. Daneshian et al., (2005c) results showed 

that water stress reduced harvest index. 

Potassium levels significantly influenced harvest index and it decreased with the 

decrease in potash application. On the basis of two year mean data, highest harvest index 

was recorded from 150 kg ha-1 K (36.85%) and these results were at par with 100 kg ha-1 

K (36.84%). Lowest harvest index was achieved from 0 kg ha-1 K application (31.49%). 

Supporting results were reported by Ahmad (1993) who examined increase in harvest 

index of sunflower with 100 kg K2O ha-1 while contradictory results were reported by 

Ayub et al., (1999) who noted that different levels of K did not significantly affect the 

harvest index.  

Interactive response of different irrigation treatments and potash application 

produced statistically significant difference. Best combination was noted at no stress with 

150 kg ha-1 K (38.78%) and these results were statistically at par with no stress and 100 

kg ha-1 K. After this post anthesis stress with 150 kg ha-1 K produce 37.20% of harvest 

index. These results were at par with post anthesis stress and 100 kg ha-1 K (37.11%), 

anthesis stress with 100 kg ha-1 K (37.00%) and no stress with 50 kg ha-1 K (36.73) which 

in turn statistically remained at par among anthesis stress with 150 kg ha-1 K (36.51). 
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Among all these treatments lowest harvest index was recorded from pre anthesis stress 

with control treatment (0 kg ha-1 K) that produce 27.59% of harvest index. 

4.2.3 Qualitative characteristics   

4.2.3.1 Achene oil contents (%) 

 Data presented in Table 4.30 showed that the effect of different irrigation levels 

and fertilizer application had significant affect on achene oil contents during both the 

years. Maximum achene oil contents (%) were produced by I0 treatment (42.84 and 

41.78%) during 2005 and 2006 followed by post anthesis stress (40.09 and 38.82%) and 

anthesis stress (36.70 and 36.11%) during 2005 and 2006 respectively. Minimum Achene 

oil contents (%) were recorded at pre anthesis stress (33.37 and 32.60%) in 2005 and 

2006. On average basis pre anthesis stress gave 22% less oil contents over no stress 

treatment. 

 Similar results were reported by Debaeke at al., (1998) who found oil 

concentration was negatively related with water stress. Sufficient water is necessary 

during grain filling to achieve a high oil concentration. Kakar and Soomro (2001) 

reported the significant differences among the water stress treatment for growth, yield 

parameter and seed oil content. Santonoceto et al., 2002 evaluated that oil contents was 

higher in the three irrigated treatments than the rainfed one. Ardakani et al., 2005b. 

reported that oil percent was reduced by water stress treatment. 

 Potassium levels significantly influenced the achene oil contents. Highest value of 

achene oil contents was recorded where potassium was applied @ 150 kg ha-1 (39.93 and 

38.97%) during 2005 and 2006 and the lowest was recorded from 0 kg ha-1 K (36.66 and 

35.77%) during 2005 and 2006 respectively. 
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Table 4.30 Achene oil contents (%) as influenced by planting patterns and potash 
applications. 

 
Treatments 2005 2006 Mean 
A. Irrigation levels (I) 
I0 = No Stress 42.84 a 41.78 a 42.31  
I1 = Pre Anthesis Stress 33.37 d 32.60 d 32.99  
I2 = Anthesis Stress  36.70 c 36.11 c 36.41  
I3 = Post Anthesis Stress 40.09 b 38.82 b 39.46  
LSD (5%) 0.43 0.42  
s.e.m 0.09 0.13  
B. Potash levels (K) 
K0 = 0 kg ha-1 36.66 d 35.77 d 36.21  
K1 = 50 kg ha-1 37.10 c 36.21 c 36.65  
K2 = 100 kg ha-1 39.31 b 38.36 b 38.84  
K3 = 150 kg ha-1 39.93 a 38.97 a 39.45  
LSD (5%) 0.39 0.37  
s.e.m 0.14 0.08  
Interaction (I x K) 
I0 K0 40.72 c 39.71 c 40.21  
I0 K1 41.21 c 40.18 c 40.70  
I0 K2 44.09 b 43.00 b 43.55  
I0 K3 45.35 a 44.22 a 44.78  
I1 K0 31.87 i 31.14 h 31.51  
I1 K1 32.31 i 31.56 h 31.94  
I1 K2 34.39 h 33.59 g 33.99  
I1 K3 34.91 gh 34.11 fg 34.51  
I2 K0 35.18 fg 34.61 ef 34.90  
I2 K1 35.73 f 35.15 e 35.44  
I2 K2 37.85 e 37.25 d 37.55  
I2 K3 38.04 e 37.43 d 37.74  
I3 K0 38.85 d 37.62 d 38.24  
I3 K1 39.17 d 37.93 d 38.55  
I3 K2 40.92 c 39.62 c 40.27  
I3 K3 41.43 c 40.11 c 40.77  
LSD (5%) 0.77 0.75  
s.e.m 0.26 0.21  
Year Effect  38.25 37.33  

Means having different letters differ significantly at 5% probability.  
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Supporting results were reported by Lewis et al. (1991) found increase in seed oil 

concentration with K application. Oil concentration of sunflower seed ranged from 

40.60% to 45.30%. Ayub et al., 1999. evaluated that oil contents were affected 

significantly by K2O levels (34, 36.4, 43.2 and 38.6%) was recorded from 0, 50, 100 and 

150 kg ha-1 K respectively.  

 Interactive effect of irrigation levels and potash application was statistically 

significant on achene oil contents (%) during both the years. Achene oil contents (%) 

decreased as irrigation was delayed or missed and also decline was observed when no 

fertilizer was applied but the effect was more pronounced with irrigation treatments. 

Maximum Achene oil contents (%) was recorded from no stress with 150 kg ha-1 K 

(45.35  and 44.22 %) during 2005 and 2006 while the lowest value was observed at pre 

anthesis stress with 0 kg ha-1 K (31.87 and 31.14 %) in 2005 and 2006 respectively and 

these results were at par with pre anthesis stress with 50 kg ha-1 K (32.31 and 31.56 %) 

for 2005 and 2006 respectively. Post anthesis stress with 150 kg ha-1 K (41.43 and 40.11 

%) during 2005 and 2006, no stress with 50 kg ha-1 K, Post anthesis with 100 kg ha-1 

(40.92 and 39.62%) and no stress with 0 kg ha-1 K (40.72 and 39.71 %) during 2005 and 

2006 respectively produced statistically similar results. Statistically similar results were 

also recorded from Post anthesis stress with 50 kg ha-1 K and 0 kg ha-1 K in 2005 and 

2006 respectively. 

4.2.3.2 Achene protein contents (%) 

 A perusal of the data in Table 4.31 showed that achene protein concentration was 

significantly influenced by different irrigation and potassium levels during both the years.  
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Table 4.31 Achene protein contents (%) as influenced by planting patterns and potash 
applications. 

 
Treatments 2005 2006 Mean 
A. Irrigation levels (I) 
I0 = No Stress 15.61 a 15.24 a 15.43   
I1 = Pre Anthesis Stress 13.27 d 12.85 d 13.06  
I2 = Anthesis Stress  13.96 c 13.63 c 13.80  
I3 = Post Anthesis Stress 14.62 b 14.34 b 14.48  
LSD (5%) 0.44 0.43  
s.e.m 0.13 0.19  
B. Potash levels (K) 
K0 = 0 kg ha-1 13.84 c 13.48 c 13.66   
K1 = 50 kg ha-1 14.05 c 13.69 c   13.87  
K2 = 100 kg ha-1 14.65 b 14.31 b 14.48  
K3 = 150 kg ha-1 14.92 a 14.57 a 14.75  
LSD (5%) 0.26 0.25  
s.e.m 0.09 0.05  
Interaction (I x K) 
I0 K0 14.71 cd 14.37 cd 14.54   
I0 K1 15.12 bc 14.77 bc 14.95  
I0 K2 16.17 a 15.79 a 15.98  
I0 K3 16.43 a 16.04 a 16.24  
I1 K0 12.95 i 12.54 i 12.75  
I1 K1 13.04 hi 12.63 hi 12.83  
I1 K2 13.47 gh 13.04 gh 13.26  
I1 K3 13.61 fg 13.18 fg 13.39  
I2 K0 13.73 efg 13.39 efg 13.56  
I2 K1 13.84 efg 13.50 efg 13.67  
I2 K2 14.08 ef 13.76 e 13.92  
I2 K3 14.21 de 13.88 de 14.05  
I3 K0 13.96 efg 13.64 ef 13.80  
I3 K1 14.19 e 13.87 e 14.03  
I3 K2 14.89 c 14.65 c 14.77  
I3 K3 15.44 b 15.19 b 15.31  
LSD (5%) 0.51 0.50   
s.e.m 0.18 0.21  
Year Effect  14.36 14.01  

Means having different letters differ significantly at 5% probability.  
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Maximum achene protein concentration (15.61 and 15.24 %) was recorded from 

no stress treatment. It decreased in the order of post anthesis > anthesis stress > pre 

anthesis stress. Minimum achene protein contents (%) were recorded from pre anthesis 

stress (13.27 and 12.85%) in 2005 and 2006 respectively. Results are in line with 

Debaeke at al., (1998) who reported that protein concentration was decreased with the 

stress condition while it was maximum with the normal irrigation. 

 On the basis of potash application, maximum achene protein contents (%) were 

recorded from the higher rate of potash application. Potassium applied @ 150 kg ha-1 

produced 14.92 and 14.57 % of achene protein contents (%) during 2005 and 2006. 

Minimum achene protein content (%) was recorded form control treatment (0 kg ha-1 K) 

that produced 13.84 % and 13.48 % during 2005 and 2006 and these results were at par 

with 50 kg ha-1 K (14.05 and 13.69 %). Similar results were reported by Chaudhry and 

Mushtaq (1999) who reported that potash levels significantly influenced the protein 

contents (range between 22.89 up to 24.66%), while contradictory results were shown by 

Mehmood (1991) who found non significant differences of K application on protein 

content. Ahmad et al., (2001) reported that K application significantly affected achene 

protein concentration of autumn sunflower, but differences were non-significant in spring 

season crop. 

 Interactive effect of irrigation levels and potash application was significant on 

achene protein contents (%) during both the years. Maximum achene protein 

concentration was recorded from no stress with 150 kg ha-1 K (16.43 and 16.04 %) 

against the lowest achene protein contents were recorded from pre anthesis stress with no 

potash (12.95 and 12.54 %) in 2005 and 2006 respectively. Statistically similar results 
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were produced by post anthesis stress with no potash, anthesis stress with 0 and 50 kg   

ha-1 K and pre anthesis with 150 kg ha-1 K during both the years of experimentation.  

4.2.3.3    Fatty acid profile 

 4.2.3.3.1   Stearic acid (%) 

 Different irrigation levels (Table 4.32) did not influence the stearic acid 

concentration to significant extent during both the years. The data ranged between 1.95 

and 2.04% for both the years of experimentation.  

Stearic acid saturated oil content (%) was significantly enhanced with the 

increasing rate of potassium. Maximum stearic acid was recorded with potassium applied 

@ 100 kg ha-1 (2.09 and 2.02 %) during 2005 and 2006 respectively and these results 

were statistically at par with 150 kg ha-1 of potassium (2.05 and 2.00 %) for the duration 

of 2005 and 2006 respectively. Lowest stearic acid contents during the experiments were 

found with 50 kg ha-1 K (1.97 and 1.90) and these results were statistically at par with 

control treatment (1.99 and 1.92%) during 2005 and 2006 respectively. 

Parallel results were shown by Ahmad et al., (2001) who informed that a 

significant difference was recorded in stearic acid when potash was applied in different 

doses. Minimum stearic acid contents (1.86%) was recorded from the maximum level of 

potassium (300 kg ha-1) against the maximum stearic acid (2.10%) was recorded where 

potash applied @ 50 kg ha-1. Interactive effect of irrigation levels and potash application 

on stearic acid contents (%) was not significantly affected. 

4.2.3.3.2 Palmitic acid (%)  

 Neither irrigation levels, nor potash applications significantly influence the 

palmitic acid content during both years of experimentation (Table 4.33). However,  
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Table 4.32 Stearic acid (%) as influenced by planting patterns and potash 
applications. 

 

Treatments 2005 2006 Mean 

A. Irrigation levels (I) 

I0 = No Stress 2.04 1.96 2.00 

I1 = Pre Anthesis Stress 2.01 1.95 1.98 

I2 = Anthesis Stress  2.03 1.97 2.00 

I3 = Post Anthesis Stress 2.02 1.96 1.99 

LSD (5%) NS NS  

s.e.m. 0.01 0.06  

B. Potash levels (K) 

K0 = 0 kg ha-1 1.99 b 1.92 b 1.96  

K1 = 50 kg ha-1 1.97 b 1.90 b 1.94  

K2 = 100 kg ha-1 2.09 a 2.02 a 2.05  

K3 = 150 kg ha-1 2.05 a 2.00 a 2.02  

LSD (5%) 0.04 0.04  

s.e.m 0.02 0.05  

Interaction (I x K) NS NS  

Year Effect  2.03 1.96  

Means having different letters differ significantly at 5% probability.  
NS = non significant  
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Table 4.33 Palmitic acid (%) as influenced by planting patterns and potash 

applications. 
 

Treatments 2005 2006 Mean 

A. Irrigation levels (I) 

I0 = No Stress 6.05 5.97 6.01  

I1 = Pre Anthesis Stress 6.00 5.91 5.96 

I2 = Anthesis Stress  6.08 6.00 6.04 

I3 = Post Anthesis Stress 6.12 6.01 6.07 

LSD (5%) NS NS  

s.e.m. 0.03 0.05  

B. Potash levels (K) 

K0 = 0 kg ha-1 6.04 5.98 6.01 

K1 = 50 kg ha-1 6.11 5.94 6.03 

K2 = 100 kg ha-1 6.03 6.01 6.02 

K3 = 150 kg ha-1 6.06 5.97 6.02 

LSD (5%) NS NS  

s.e.m 0.03 0.01  

Interaction (I x K) NS NS  

Year Effect  6.06 5.98  

Means having different letters differ significantly at 5% probability.  
NS = non significant  
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average value ranged from 5.91-6.12 % for irrigation levels and 5.94-6.06 % for potash 

applications. Khaliq and Cheema (2005) reported that different irrigation regimes did not 

influence the palmitic acid concentration of sunflower.  

4.2.3.3.3 Linoleic acid (%)  

 Linoleic acid concentration in sunflower achene oil varied during both the years 

(Table 4.34). Linoleic acid contents were higher (60.72 %) during 2005 as compared to 

2006, which produced 58.40 % of linoleic acid. Production of more linoleic acid contents 

during 2005 was probably due to temperature that affected the linoleic acid and oleic acid 

contents (Appendix 3.2)   

 Due to non availability of water at critical stages, linoleic acid contents gradually 

increased. Highest concentration of linoleic acid was recorded during pre anthesis stress 

(62.56 and 60.27%) against the minimum was recorded from no stress (58.94 and 

56.89%) in 2005 and 2006 respectively. On over all average basis of both the years pre 

anthesis stress produced 6% more linoleic concentration than normal irrigation.  

Santonoceto et al., (2002) reported variation in the content of the four major fatty 

acids (Oleic, linoleic, palmitic and stearic). They concluded that the fatty acid 

composition of the oil in the initial phases of seed formation differed substantially from 

that of the mature seed. Treatment I67 and I100 gave, at all samplings, a significantly lower 

linoleic acid concentration than that of treatments I0 and I33. The values were always 

significantly higher in the less irrigation treatments.  

Contradictory results were reported by Unger (1983) who reported that linoleic 

and oleic acid concentrations in oil increased and decreased. Water stress at a seed 

development stage and mean temperature probably affected linoleic and oleic acid  
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Table 4.34 Linoleic acid (%) as influenced by planting patterns and potash 
applications. 

 

Treatments 2005 2006 Mean 

A. Irrigation levels (I) 

I0 = No Stress 58.94 d 56.89 c 57.92  

I1 = Pre Anthesis Stress 62.56 a 60.27 a 61.42  

I2 = Anthesis Stress  61.41 b 58.73 b  60.07  

I3 = Post Anthesis Stress 59.98 c 57.69 c   58.83  

LSD (5%) 0.61 0.88  

s.e.m. 0.18 0.25  

B. Potash levels (K) 

K0 = 0 kg ha-1 60.10 b 57.76 c 58.93   

K1 = 50 kg ha-1 60.49 b 57.98 bc 59.24  

K2 = 100 kg ha-1 60.63 b 58.53 b 59.58  

K3 = 150 kg ha-1 61.66 a 59.32 a 60.49  

LSD (5%) 0.55 0.59  

s.e.m 0.19 0.20  

Interaction (I x K) NS NS  

Year Effect  60.72 58.40  

Means having different letters differ significantly at 5% probability.  
NS = non significant  
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concentration of the oil. Average linoleic and oleic concentrations of the oil were not 

statistically affected by irrigation treatments. 

 Potassium application had significantly influenced linoleic acid contents and 

showed the significant difference among all the treatments. Maximum linoleic acid was 

recorded from 150 kg ha-1 K (61.66) while control treatment produced the lowest value 

for linoleic acid. These results were statistically at par with the other treatments like 50 

and 100 kg ha-1 K that produce 60.49 and 60.63% respectively. In second year the trend 

was little bit changed. Maximum linoleic acid contents was again produced by 150 kg  

ha-1 K (59.32%). 100 kg ha-1 K (58.53%) produced statistically at par results with 50 kg 

ha-1 K (57.98%) which in turn statistically remained at par with control treatments 

(57.66%). Minimum was again recorded from 0 kg ha-1 K (57.76%). Ahmad et al., (2001) 

reported the similar results that potash application significantly affected the oleic acid 

concentration of sunflower achenes oil. Interactive effect of irrigation levels and potash 

application was not significant. 

4.2.3.3.4 Oleic acid (%) 

Data presented in Table 4.35 showed that there was a statistical difference in both 

the years of experimentation. In oleic acid contents related with the year effect, 2006 

(29.94%) produced more contents than 2005 (28.92%).    

Concentration of oleic acid in achene oil of sunflower varied significantly under 

different irrigation treatments during both the years. Maximum oleic acid concentration 

was recorded under normal irrigation treatment (29.89 and 31.06%) during 2005 and 

2006 respectively. It decreased under all the stressed condition and minimum oleic acid 

was recorded in pre anthesis stress (27.71 and 28.56%) in 2005 and 2006. Post anthesis  
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Table 4.35 Oleic acid (%) as influenced by planting patterns and potash applications. 
 

Treatments 2005 2006 Mean 

A. Irrigation levels (I) 

I0 = No Stress 29.89 a 31.06 a 30.48  

I1 = Pre Anthesis Stress 27.71 c 28.56 c 28.14  

I2 = Anthesis Stress  28.94 b 30.02 b 29.48  

I3 = Post Anthesis Stress 29.15 b 30.09 b   29.62  

LSD (5%) 0.66 0.54  

s.e.m. 0.19 0.16  

B. Potash levels (K) 

K0 = 0 kg ha-1 28.04 c 28.81 c 28.42   

K1 = 50 kg ha-1 28.61 bc 29.74 b 29.18  

K2 = 100 kg ha-1 29.11 b 30.20 b 29.66  

K3 = 150 kg ha-1 29.93 a 30.99 a 30.46  

LSD (5%) 0.65 0.74  

s.e.m 0.22 0.29  

Interaction (I x K) NS NS  

Year Effect  28.92 29.94  

Means having different letters differ significantly at 5% probability.  
NS = non significant  
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stress (29.15 and 30.09%) and anthesis stress (28.94 and 30.02%) was statistically non 

significant in 2005 and 2006 respectively.  

Encouraging results were reported by Santonoceto et al., (2002) who examined 

the variation in the content of the four major fatty acids (oleic, linoleic, palmitic and 

stearic) showed that the fatty acid composition of the oil in the initial phases of seed 

formation differed substantially from that of the mature seed. Going from the rainfed 

treatments to that fully watered, the final oleic acid concentration showed progressive 

increases from 48.9 to 62.1%. The values were always significantly higher in the three 

irrigation treatments than in the control treatment. The average final oleic acid 

concentration in the three irrigated treatments was 87.5% against 81.2 % in the rainfed 

treatment. 

Different potash levels had significant differences on oleic acid contents during 

both the years of experimentation. In 2005, higher concentration was recorded from 

potassium applied @ 100 kg ha-1 (29.93%). There was a gradual decrease of oleic acid 

with the decline of potassium levels. 100 kg ha-1 K (29.11%) produced oleic acid lower 

than 150 kg ha-1 K but it was statistically at par with 50 kg ha-1 K which in turn 

statistically remained at par with 0 kg ha-1 K (28.04%). In 2006, maximum and minimum 

oleic acid contents were also recorded from 150 kg ha-1 K (30.99) and 0 kg ha-1 K 

(28.81%) respectively. In second year data 100 kg ha-1 K (30.20%) and 50 kg ha-1 K 

(29.74%) produce statistically similar results. Favorable results were reported by Ahmad 

et al., (2001) who showed that potash application had significant effect on oleic acid 

concentration of sunflower achenes oil.      
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4.2.4 Nutrient uptake  

4.2.4.1 Nitrogen Uptake (kg ha-1) 

Data presented in Table 4.36 showed that nitrogen uptake was significantly 

 influenced by different irrigation levels. Best response was recorded with the normal 

irrigation. No stress (I0 treatment) produced maximum nitrogen uptake of 82.14 kg ha-1 

against the minimum was observed from pre anthesis stress (56.22 kg ha-1). Anthesis 

stress (65.26 kg ha-1) and post anthesis stress (73.19 kg ha-1) treatments performed less 

nitrogen uptake than no stress. 

Nitrogen uptake was significantly influences by potassium application. Adequate 

application of potassium enhances the fertilizer use efficiency. Nitrogen uptake of 79.87 

kg ha-1 was produced where potassium applied @ 150 kg ha-1 against the minimum of 

55.75 kg ha-1 was observed where no potassium (0 kg ha-1) was applied. Closest but 

significant results with 150 kg ha-1 K were record from 100 kg ha-1 K (77.30 kg ha-1 K). 

Pre anthesis produce 30%, 28% and 13% less nitrogen uptake over no stress, post 

anthesis stress and anthesis stress respectively.  

Interactive response of irrigation levels and potash application had significant 

effect on nitrogen uptake. Maximum nitrogen uptake (96.19 kg ha-1) was recorded from 

no stress (I0 treatment) with 150 kg ha-1 K. Significantly maximum values of nitrogen 

uptake was recorded from no stress with 100 kg ha-1 K (91.88 kg ha-1), post anthesis 

stress with 150 kg ha-1 (84.87 kg ha-1) and post anthesis stress with 100 kg ha-1 (80.97 kg 

ha-1). Lowest nitrogen uptake (44.36 kg ha-1) was recorded from pre anthesis stress with 

no potash application. Pre anthesis stress with 50 kg ha-1 K (52.33) and anthesis stress 

with no potash application (53.21) produce statistically similar results. No stress with     
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Table 4.36 Nitrogen uptake in plant (kg ha-1) as influenced by planting patterns and 
potash applications. 

 
Treatments 2005 2006 Mean 
A. Irrigation levels (I) 
I0 = No Stress 82.59 a 81.69 a 82.14  
I1 = Pre Anthesis Stress 56.14 d 56.30 d 56.22  
I2 = Anthesis Stress  65.66 c 64.87 c 65.26  
I3 = Post Anthesis Stress 73.92 b 72.47 b  73.19  
LSD (5%) 2.04 1.93  
s.e.m 0.59 0.72  
B. Potash levels (K) 
K0 = 0 kg ha-1 55.86 d 55.64 d 55.75  
K1 = 50 kg ha-1 63.84 c 63.95 c 63.90  
K2 = 100 kg ha-1 77.93 b 76.67 b 77.30  
K3 = 150 kg ha-1 80.68 a 79.06 a  79.87   
LSD (5%) 1.32 1.32  
s.e.m 0.45 0.27  
Interaction (I x K) 
I0 K0 66.11 fg 66.46 f 66.29  
I0 K1 73.95 e 74.46 e 74.21  
I0 K2 92.80 b 90.96 b 91.88  
I0 K3 97.48 a 94.90 a 96.19  
I1 K0 43.97 l 44.75 k 44.36  
I1 K1 52.19 k 52.47 j 52.33  
I1 K2 63.31 hi 62.93 gh 63.12   
I1 K3 65.10 gh 65.05 fg 65.07  
I2 K0 53.51 k  25.90 j 53.21  
I2 K1 61.29 ij 61.23 h 61.26  
I2 K2 73.61 e 72.84 e 73.23  
I2 K3 74.21 e 72.49 e 73.35  
I3 K0 59.84 j 58.45 i 59.15  
I3 K1 67.92 f 67.65 f 67.79  
I3 K2 81.99 d 79.94 d 80.97  
I3 K3 85.92 c 83.82 c 84.87  
LSD (5%) 2.64  2.65  
s.e.m 0.90 1.13  
Year Effect  69.58 68.83  

Means having different letters differ significantly at 5% probability.  
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50 kg ha-1 K (74.21), anthesis stress with 150 kg ha-1 (73.35) and anthesis stress with 100 

kg ha-1 (73.23) showed statistically similar results among each other. No stress with 150 

kg ha-1 K uptake 54% more nitrogen than pre anthesis stress with no potash (0 kg ha-1). 

Similar results were reported by Tahir (1993) who found that the maximum 

nitrogen uptake was recorded where potassium applied @ 150 kg ha-1 against the 

minimum was recorded with no potash application (0 kg ha-1 K). Potassium has a 

synergistic effect on nitrogen uptake in plant. Total N uptake and protein synthesis were 

reduced in K deficient plants, as buildup of a amino acids (Havlin et al., 2004). 

Potassium seems to counteract some of the detrimental effects of excess nitrogen. 

Maintaining a balance between potassium and other nutrients especially nitrogen and 

phosphorus is an important goal in managing soil fertility (Brady and Well, 2005) 

4.2.4.2 Phosphorus uptake (kg ha-1) 

Irrigation treatment (Table 4.37) showed statistically significant difference among 

all the treatments. Maximum phosphorus uptake was recorded from no stress (29.68) 

against the minimum was recorded from pre anthesis stress (17.58 kg ha-1). Phosphorus 

uptake was noted in the order of no stress > post anthesis stress > anthesis stress > pre 

anthesis stress. 

Potassium levels significantly enhanced the phosphorus uptake in plant. 

Potassium applied @ 150 kg ha-1 provide maximum uptake of phosphorus in plant that 

was 27.17 kg ha-1, against the minimum phosphorus uptake in plant was recorded from 

no potash application (18.43 kg ha-1). Treatment K3 (150 kg ha-1 K) produced 32% more 

uptake of phosphorus in plant than no potash (0 kg ha-1) application. Interactive effect of 

irrigation treatment and potash  application  had  non  significant  impact  on  phosphorus  
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Table 4.37 Phosphorus uptake (kg ha-1) as influenced by planting patterns and potash 

applications. 
 

Treatments 2005 2006 Mean 

A. Irrigation levels (I) 

I0 = No Stress 30.11 a 29.24 a 29.68  

I1 = Pre Anthesis Stress 17.47 d 17.70 d 17.58  

I2 = Anthesis Stress  20.50 c 20.39 c 20.44   

I3 = Post Anthesis Stress 23.79 b 23.63 b 23.71  

LSD (5%) 1.94 2.01  

s.e.m. 0.56 0.71  

B. Potash levels (K) 

K0 = 0 kg ha-1 18.57 d 18.30 d 18.43  

K1 = 50 kg ha-1 20.70 c 20.57 c 20.64  

K2 = 100 kg ha-1 25.24 b 25.09 b 25.17  

K3 = 150 kg ha-1 27.35 a 27.00 a 27.17  

LSD (5%) 1.70 1.61  

s.e.m 0.58 0.51  

Interaction (I x K) NS NS  

Year Effect  22.97 22.74  

Means having different letters differ significantly at 5% probability.  
NS = non significant  
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uptake in plant.  

Supporting results were reported by Miller et al., (1961) who found that 

potassium application to soybean increased the phosphorus contents in the most plant 

part. Tahir (1993) evaluated that 100 kg ha-1 K reported the maximum uptake of 

phosphorus contents in plant body while no potash application reduce the phosphorus 

uptake against the 100 kg ha-1 K. Another role of K is maintaining a balance between 

potassium and other nutrients especially nitrogen and phosphorus is an important goal in 

managing soil fertility (Brady and Well, 2005) 

4.2.4.3 Potassium uptake (kg ha-1)   

Data presented in Table 4.38 showed that shortage of irrigation at any critical 

stage especially at pre anthesis and anthesis decreased the nutrient uptake in plant body. 

Highest value of potassium uptake was recorded from normal irrigation (13.78 and 

134.67 kg ha-1) during 2005 and 2006 against lowest values of potassium uptake was 

observed from pre anthesis stress (72.43 and 74.72 kg ha-1) in 2005 and 2006 

respectively. 

Potash applications showed the significant difference among all treatments and 

results were more pronounced as the dose was increased. Application of potassium @ 

150 kg ha-1 showed the maximum uptake (120.37 and 123.93 kg ha-1) during 2005 and 

2006. However, there was a gradual decrease in uptake as the potassium levels decreased. 

Treatment K2 (100 kg ha-1 K) produced 111.06 and 115.01 kg ha-1 in 2005 and 2006. 

Lowest value was recorded for no potash (0 kg ha-1 K) application as (81.52 and 83.58 kg 

ha-1) during 2005 and 2006 respectively. 
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Interaction between irrigation and potassium levels was significant during both 

the years and best combination was no stress with 150 kg ha-1 than rest of the treatments.  

Table 4.38 Potassium  uptake in plant (kg ha-1) as influenced by planting patterns and 
potash applications. 

 
Treatments 2005 2006 Mean 
A. Irrigation levels (I) 
I0 = No Stress 131.78 a 134.67 a 133.23  
I1 = Pre Anthesis Stress 72.43 d 74.72 d  73.57  
I2 = Anthesis Stress  91.45 c  94.46 c 92.95   
I3 = Post Anthesis Stress 105.96 b 109.57 b 107.76  
LSD (5%) 3.86 3.89  
s.e.m 1.12 1.51  
B. Potash levels (K) 
K0 = 0 kg ha-1 81.52 d 83.58 d 82.55  
K1 = 50 kg ha-1 88.66 c 90.89 c 89.77  
K2 = 100 kg ha-1 111.06 b 115.01 b 113.04  
K3 = 150 kg ha-1 120.37 a 123.93 a 122.15  
LSD (5%) 4.25 4.37  
s.e.m 1.46 1.74  
Interaction (I x K) 
I0 K0 108.03 ef 109.77 e 108.90  
I0 K1 112.22 de 114.02 e 113.12  
I0 K2 145.36 b 149.02 b 147.22  
I0 K3 161.53 a 165.79 a 163.66  
I1 K0 62.34 j 63.89 I 63.12  
I1 K1 64.35 j 66.44 I 65.40  
I1 K2 78.05 hi 80.75 gh 79.40  
I1 K3 84.98 h 87.79 g 86.39  
I2 K0 74.02 i 76.85 h 75.44  
I2 K1 82.14 hi 85.50 gh 83.82  
I2 K2 102.27 fg 106.29 ef 104.2 
I2 K3 107.36 ef 109.19 e 108.2 
I3 K0 81.70 hi 83.81 gh 82.76 
I3 K1 95.92 g 97.58 f 96.75 
I3 K2 118.58 d 123.91 d 121.3 
I3 K3 127.63 c  132.96 c 130.3 
LSD (5%) 8.50 8.73  
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s.e.m 2.92 2.31  
Year Effect  100.41 103.35  

Means having different letters differ significantly at 5% probability.  
Maximum potassium uptake was recorded from no stress with 150 kg ha-1 K (161.53 and 

165.79 kg ha-1) in 2005 and 2006 against the lowest was recorded from pre anthesis stress 

with no potash (0 kg ha-1) application (62.34 and 63.89 kg ha-1) during 2005 and 2006 

respectively.  

Favorable results were reported by Ashraf (1982) who found that potassium 

application increased the potassium contents in plant body. Tahir (1993) reported that 

maximum potassium uptake was recorded when potassium applied @ 150 and 100 kg  

ha-1 against the minimum was recorded from no potash (0 kg ha-1) application   

4.2.5 Relationship between agronomic traits, yield and yield components. 

Pearson’s simple correlation coefficient of different crop parameters presented in 

Table 4.39 with head diameter, 1000 achene weight and achene yield of sunflower during 

both years (2005 and 2006) and pooled data. Results indicated that crop parameter like 

plant height, head diameter, number of achenes head-1, 1000 achene weight achene yield, 

biological yield, oil contents and protein contents had highly significant and positive 

correlation with head diameter, 1000 achene weight and achene yield. 

Similiar results were reported by Fereres et al., (1986) who found that excellent 

correlations were found between HI and grain yield. The reduction in HI due to water 

deficits was mostly due to adjustments in seed number with less variation in individual 

seed weight. In turn, the reduction in seed number was due to a combination of reduced 

head size and of the area having viable seeds.  

Genotype and phenotype correlation revealed that seed yield had significant and  

positive correlations with Head diameter, Plant Height, 1000-seed weight and oil yield. 
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Seed yield had significant correlations with oil content Razi and Assad, (1999). Rad et 

al.,  

Table. 4.39  Simple correlation coefficient values between some developmental 
parameters of sunflower.  

 
 

Parameter 2005 2006 Pool 

Head Diameter vs. No. of achenes head-1 0.86** 0.87** 0.86** 

Head Diameter vs. 1000 achene weight 0.94** 0.96** 0.94** 

Head Diameter vs. Achene yield 0.92** 0.95** 0.93** 

Head Diameter vs. Oil contents 0.94** 0.94** 0.94** 

Head Diameter vs. Protein contents 0.92** 0.93** 0.92** 

1000 achene wt. vs. Achene yield 0.93** 0.91** 0.93** 

1000 achene weight vs. Oil contents 0.96** 0.93** 0.89** 

1000 achene weight vs. Protein contents 0.93** 0.95** 0.93** 

Achene yield vs. Plant height 0.92** 0.94** 0.94** 

Achene yield vs. Head diameter 0.92** 0.91** 0.93** 

Achene yield vs. No. of achenes head-1 0.92** 0.94** 0.91** 

Achene yield vs. 1000 achene weight. 0.93** 0.92** 0.93** 

Achene yield vs. Biological yield 0.97** 0.98** 0.98** 

Achene yield vs. Harvest index 0.96** 0.95** 0.96** 

Achene yield vs. Oil contents 0.98** 0.97** 0.98** 

Achene yield vs. Protein contents 0.91** 0.92** 0.92** 

Achene yield vs. N uptake 0.98** 0.96** 0.98** 

Achene yield vs. P uptake 0.89** 0.90** 0.89** 
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Achene yield vs. K uptake 0.94** 0.94** 0.94** 

 
** = Highly significant 
(2005a) also reported that there were positive correlation between plant height and seed 

weight, oil seed content and seed yield and biological yield, seed yield and biologic yield 

and harvest index.       

4.2.6 Economic analysis 

 The farmers are always interested in benefits and cost of certain technology and to 

know about risks involved in the adoption of new practices. For this purpose two year 

data were analyzed (Table 4.40) by calculating the benefit cost ratio (BCR). In the 

analysis prices of inputs were taken from local market during 2005 and 2006 were used 

to calculate total cost and gross income for benefit cost ratio. 

 Maximum benefit cost ratio (BCR) was recorded with the application of 

potassium @ 100 kg ha-1 that was 1.25 and 1.16 during 2005 and 2006 respectively 

against the lowest was recorded from 0 kg K ha-1 that was 0.98 and 0.92 during 2005 and 

2006 respectively. Maximum gross income (Rs. 54,471 and 51,889) was recorded with 

150 kg K ha-1 but highest net income (Rs. 29,899 and 27,603) was recorded from 100 kg 

K ha-1 during 2005 and 2006 respectively. 
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Table 4.40:   Effect of different Potassium levels on net income and benefit-cost    

                      Ratio (BCR) of spring planted Sunflower 

 
 

(a) 2005 
 
 

Treatments Total Cost Gross Income Net Income BCR 

K0 = 0 kg ha-1 20,079 39,693 19,614 0.98 

K1 = 50 kg ha-1 21,979 45,413 23,434 1.07 

K2 = 100 kg ha-1 23,879 53,778 29,899 1.25 

K3 = 150 kg ha-1 25,779 54,471 28,692 1.11 

 
 

 

(b) 2006 
 
 

Treatments Total Cost Gross Income Net Income BCR 

K0 = 0 kg ha-1 20,079 38,596 18,517 0.92 

K1 = 50 kg ha-1 21,979 44,489 22,510 1.02 

K2 = 100 kg ha-1 23,879 51,482 27,603 1.16 

K3 = 150 kg ha-1 25,779 51,889 26,110 1.01 
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CHAPTER  V 
SUMMARY 

The research work reported in this manuscript was conducted at the Agronomic 

Research Area, University of Agriculture, Faisalabad, Pakistan. The objectives were to 

find out the optimum and appropriate level of irrigation and stage for harvesting the 

maximum achene yield, determine the suitable planting pattern in spring planted 

sunflower and optimization of potassium requirement for mitigating water stress effects 

in spring planted sunflower under agro-ecological conditions of Faisalabad. 

Investigations were carried out for two seasons during 2005 and 2006. The experiments 

were laid out in Randomized Complete Block Design with split plot arrangement. The 

key findings are as follow. 

Experiment I: Irrigation management practices for different spring sunflower  

 (Helianthus annuus L.) planting patterns. 

Ridge sowing produced maximum plant height while irrigation timing resulted in 

significant differences in plant height during the growing season. Pre anthesis water 

stress produced 14.85 % less plant height over fully irrigated treatments. 

Best combination for head diameter (23.28 and 22.83 cm) and number of achenes 

head-1 (1185 and 1167) was observed from ridge sowing in no stress treatment during 

2005 and 2006 respectively. 

Ridge sowing produced 11% heavy 1000-achene weight, 24% more biological 

yield and 21% better achene yield against flat 90/30. Among irrigation levels no stress 

produce maximum 1000-achene weight, biological yield and achene yield as compare to 

all the treatments. 

The maximum LAI was recorded on 75 DAS. Ridge sowing enhanced leaf area  
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index (LAI) over flat 90/30. On average basis post anthesis treatment produced maximum 

LAI of 4.77. LAI was decreased after 75 days and positive relationship was recorded 

between leaf area index and crop growth rate. Ridge sowing significantly enhanced the 

crop growth rate over bed 90/30 and average value was up to 11.45 and 11.85 g m-2 day-1 

during 2005 and 2006 respectively. Stress at early stages like pre anthesis reduced crop 

growth rate up to 23% against no stress treatment.  

The different response was recorded for net assimilation rate. More net 

assimilation rate was recorded with stress conditions as pre anthesis produced 4.79 and 

4.99 mg cm-2 day-1 during 2005 and 2006 respectively over no stress treatment. Flat 

90/30 (P3 treatment) produced more net assimilation rate of 4.86 and 5.15 mg cm-2 day-1 

during 2005 and 2006 respectively against ridge sowing. 

Highest harvest index was (38.95% and 38.93%) recorded during 2005 and 2006 

from bed 90/30 with no stress treatment against the lowest values were recorded from 

ridge sowing with pre anthesis (33.38% and 33.03% during 2005 and 2006 respectively) 

Oil contents and protein contents were not affected significantly by different 

planting pattern but normal irrigation significantly enhanced the oil contents and protein 

contents against the stress conditions. Maximum recovery of oil contents (44.69 and 

43.85%) and protein contents (16.62 and 16.25%) was recorded from no stress during 

2005 and 2006 respectively. 

In fatty acid profile stearic acid and palmitic acid were not affected significantly 

by different planting pattern and water stress. Linoleic acid and oleic acid remained non 

significant by different planting pattern but irrigation levels showed the significant 

differences among all the treatments. The different trend was observed in linoleic        
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acid (%) and that highest values were recorded from pre anthesis stress (64.11 and 61.89 

% during 2005 and 2006 respectively) against no stress (61.75 and 59.47 % during 2005 

and 2006 respectively). Highest values of oleic acid was recorded from no stress (26.61 

and 27.54% during 2005 and 2006 respectively) over pre anthesis stress (23.73 and 

24.55% in 2005 and 2006 respectively) 

Experiment II:  Determining optimum potassium requirement for mitigating water  

   stress effects in spring planted sunflower. 

 Irrigation treatments enhanced plant height compared to the stress 

treatments. Fully irrigated crop produced 17 cm taller plant than pre anthesis stress 

while potassium had non significant effects on plant height.  

 Average over two years normal irrigation produce 23 and 18% more head 

diameter and number of achenes head-1 respectively, as compare to the pre anthesis 

stress. Potash application produced more head diameter and number achenes head-1 

with 150 and 100 kg K ha-1.  

In both the years irrigation treatment (no stress) significantly increased 1000 

achene weight (55.85 and 54.32 g), biological yield (7985 and 7671 kg ha-1) and 

achene yield (2964 and 2869 kg ha-1) against the lowest 1000 achene weight (48.44 

and 47.15 g), biological yield (6764 and 6556 kg ha-1) and achene yield (2209 and 

2136 kg ha-1) during 2005 and 2006 respectively. Highest level of potassium (150 kg 

ha-1) produced more 1000 achene weight, biological yield  and achene yield 

against the control.  

Normal irrigated crop plants produced significantly more leaf area index 

(3.21 and 3.14) and crop growth rate (9.16 and 9.42 g m-2 day-1) against the stressful 
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treatments during 2005 and 2006, respectively, at the same time non-significant 

differences in leaf area index and net assimilation rate were noted under different 

levels of potash. Average crop growth rate was significantly influenced with the each 

increment of potassium fertilizer. Net assimilation rate showed the different trend 

among water stress. Higher net assimilation rate (5.06 and 5.32 g m-2 day-1) was 

recorded from pre anthesis stress against the minimum was recorded from post 

anthesis stress (4.67 and 5.09 g m-2 day-1) in 2005 and 2006 respectively. On the basis 

of two year data no stress with 150 kg K ha-1 gave higher harvest index than all 

other combinations.  

Quality parameter like oil contents and protein contents the maximum values 

(44.78 and 16.24% of oil and protein contents respectively) were obtained from no 

stress with 150 kg ha-1 among the lowest (31.51 and 12.75% oil and protein contents 

respectively) was recorded from pre anthesis stress with 0 kg K ha-1. 

Irrigation levels and potash application had not significant affect on stearic 

and palmitic acid. Linoleic acid (higher in pre anthesis stress) and oleic acid showed 

the significant response among irrigation treatments and increasing levels of potash 

application. Stearic acid enhanced with maximum application of potash. 

No stress treatment with 150 kg K ha-1 improve the nitrogen and potassium 

uptake in plant against the minimum uptake of nitrogen and potassium was 

recorded at pre anthesis stress with control treatment. Maximum phosphorus 

uptake was recorded under normal irrigation. Phosphorus uptake was increased 

with the each increment of potash application. Nitrogen, phosphorus and potassium 

uptake had a significant and positive correlation among each other. 
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CONCLUSION 

Two year experimental data showed that normal irrigation (no stress) 

treatment and ridge sowing (60 cm spaced) produced the maximum achenes yield, 

growth and oil quality parameters over rest of the treatments. Combination of 

normal irrigation (no stress) treatment with 150 kg K ha-1 produced the highest 

value of qualitative and quantitative parameters of the crop, however economic 

analysis showed that highest net income and benefit cost ratio was recorded from 

100 kg K ha-1. 

 

 

FUTURE RESEARCH NEEDS 

• Before taking the experiment into the field, green house experiments should 

be conducted and the treatments having effects should be tested under field 

conditions.    

• Chemical analysis of different plant parts should be conducted fortnightly in 

order to get better understanding of nutrient response to the crop through 

out the growing season. 

Furthur studies under various agro-ecological zones and cropping systems are needed. 
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APPENDICES 

 
Appendix. 3.1: Physico-chemical characteristics of the experimental soil   
 
 
 

Determination 

2005 2006 

Experiment Experiment 

I II I II 

Mechanical Analysis Sandy Loam 

Chemical Analysis 

EC (dSm-1) 2.11 2.06 1.94 1.92 

PH 8.1 8.2 8.0 7.9 

Organic Matter (%) 0.76 0.68 0.74 0.73 

Available P (ppm) 6.58 6.15 6.77 6.34 

Available K (ppm) 183 139 175 148 
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Appendix 3.2: Monthly mean weather data for the spring sunflower growing season at Faisalabad 
 
 
 

 Max. Temperature Min. Temperature Av. Temperature Relative Humidity Rainfall 

 (°C) (°C) (°C) (%) (mm) 

 2005 2006 2005 2006 2005 2006 2005 2006 2005 2006 

February  20.02 27.55 09.84 13.00 14.93 20.28 67.7 52.4 35.1 14.6 

March 27.77 28.13 15.31 14.63 21.56 21.38 40.8 40.7 48.6 37.0 

April 35.1 37.63 18.2 20.67 26.6 29.15 35.5 23.4 10.8 0.00 

May 38.11 42.26 23.42 27.26 30.77 34.76 31.7 23.9 18.4 24.0 

June 43.30 40.33 28.72 26.98 36.01 33.66 32.5 26.2 62.5 55.6 
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Appendix. 4.1: Number and amount of irrigation during crop season 
 

 
(a) 2005 

 
Dates Irrigation amount (mm) 

 I0 I1 I2 I3 

16 March 50 50 50 50 

07 April 50 -- 50 50 

20 April 50 50 -- 50 

03 May 50 50 50 -- 

15 May 50 50 50 50 

Rainfall 105 105 105 105 

Total (mm) 355 305 305 305 

 
 

 
 

(b) 2006 
 

Dates Irrigation amount (mm) 

 I0 I1 I2 I3 

16 March 50 50 50 50 

07 April 50 -- 50 50 

20 April 50 50 -- 50 

03 May 50 50 50 -- 

15 May 50 50 50 50 

Rainfall 76 76 76 76 



 337

Total (mm) 326 276 276 276 

 
Appendix 4.2:Cost of sunflower production (Rs. ha-1) during 2005 and 2006 (Experiment 

No II) 
  

Operation/Input Amount Rate unit-1 Total Cost (ha-1) 

Tillage and Seed Bed Preparation  

Ploughing 2 300 ha-1 600/- 

Sowing 

Hybrid Seed 6 500 3,000/- 

Bund Making and Sowing 6 men for ½ day 100 man-1 day-1 300/- 

Plant Protection 

Spray including Labour charges 2 750 1500/- 

Watch and ward 30 days 100 man-1 day-1 3000/- 

Irrigation 

Labour charges for 4 irrigations  1 man day 75 man-1 day-1  300/- 

Harvesting charges  6 man days 100 man-1 day-1 600/- 

Threshing charges 8 man days 100 man-1 day-1 800/- 

Land Rent 6 month 10000 annum-1 5000/- 

Sub Total (a) 15,100/- 

Operation/Input Amount Rate unit-1 Total Cost (ha-1) 

Fertilizer 

150 kg N + 100 kg P2O5 + 0 kg K (K0) 

Urea 4.82 bags 400 bag-1 1928/- 

DAP 4.34 bags 680/- 2951/- 

Application 1 man day 100 man-1 day-1 100 

Sub Total (b) 4979/- 

Grand Total for K0 (a+b) 15,100 + 4,979 20,079 

150 kg N + 100 kg P2O5 + 50 kg K (K1) 

Urea 4.82 bags 400 bag-1 1928/- 

DAP 4.34 bags 680/- 2951/- 

SOP 2 bags 950/- 1900/- 

Application 1 man day 100 man-1 day-1 100/- 
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Sub Total (c) 6,879/- 

Grand Total for K1 (a+c) 15,100 +6,879 21,979/- 

150 kg N + 100 kg P2O5 + 100 kg K (K2) 

Urea 4.82 bags 400 bag-1 1928/- 

DAP 4.34 bags 680/- 2951/- 

SOP 4 bags 950/- 3800/- 

Application 1 man day 100 man-1 day-1 100 

Sub Total (d) 8,779/- 

Grand Total for K2 (a+d) 15,100 + 8,779 23,879 

150 kg N + 100 kg P2O5 + 150 kg K (K3) 

Urea 4.82 bags 400 bag-1 1928/- 

DAP 4.34 bags 680/- 2951/- 

SOP 6 bags 950/- 5700/- 

Application 1 man day 100 man-1 day-1 100 

Sub Total (e) 10,679/- 

Grand Total for K3 (a+e) 15,100 + 10,679 25,779/- 
 
 


