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THE EFFECT OF ENVIRONMENT ON THE PHENOTYPIC 

EXPRESSION OF GRAIN YIELD, OIL CONTENT AND OIL YIELD  

IN SUNFLOWER HYBRIDS 
 

SUMMARY  

Continuous sunflower breeding work at the Agricultural Institute Osijek 

results in the creation of new hybrid combinations which are then tested in a 

network of micro and macro trials. This paper presents the results of the 

investigation on seven sunflower hybrids: one standard and six new hybrid 

combinations (OS-H-2 to OS-H-7) from the Agricultural Institute Osijek, in a 

period of four years (2012-2015) at a location in Osijek. Trials were set as RCBD 

and the most important sunflower traits were analyzed: grain yield, oil content 

and oil yield. The results indicate that the values of analyzed traits were 

significantly impacted by year (and respectively by weather conditions), hybrid 

and the year x hybrid interaction. The highest yield was observed in 2013, when 

grain yield achieved 6.243 t/ha and oil yield 2.889 t/ha. The highest oil content 

was recorded in the year 2012 (51.35%). The highest grain yield was achieved by 

the hybrids OS-H-4 (6.257 t/ha) and OS-H-2 (5.911 t/ha), and oil content by 

hybrids OS-H-3 (51.83%) and OS-H-4 (51.62%). The hybrid OS-H-4 had the 

highest oil yield (2.944 t/ha), and it can therefore be considered as a promising 

hybrid for application on the recognition process in the country and abroad. 
Keywords: sunflower, hybrid, grain yield, oil content, oil yield.  
 

INTRODUCTION 
Sunflower (Helianthus annuus L.) is an extremely important field crop. 

Primarily, it is grown for oil used in human consumption. Sunflower oil is a 

valuable source of tocopherols and phytosterols and has a positive impact on 

human health (Patel and Thompson, 2006, Gotar et al., 2008, Jocković et al., 

2014). 

It is important as raw material for the processing industry, used as animal 

feed and in beekeeping. It is grown on about 24 million hectares around the 

world, with total annual production of about 33 million tons of grain. In the EU, 
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sunflower production is organized on about 4 million hectares with an average 

grain yield of 1.37 t/ha. Grain yield in Croatia is at top of the EU (about 2.66 

t/ha), and areas of sunflower are approximately 34000 ha (average 2005-2015) 

(FAOSTAT Database, 2016). The large fluctuations, both in terms of grain yield 

and in terms of areas of sunflower, should be emphasized (Liović et al., 2006, 

Mijić et al., 2011). 

Higher grain yield, oil content, and oil yield per unit area in a variety of 

environments are the primary goals of every sunflower producer (Kaya and 

Kolsarici, 2011, Škorić, 2012). Therefore, these traits are the focus of the 

majority of sunflower breeders in the world. Grain yield, oil content and oil yield 

are quantitative traits determined by genetic potential with significant variation 

influenced by environmental factors. The phenotypic expression of these 

properties is conditioned by genetic factors, factors from the external 

environment, as well as their interaction (Krizmanić et al., 2012). The 

environmental conditions are often a limiting factor in sunflower production 

(Miklič et al., 2007, Škorić, 2012). The occurrence of drier vegetation season, 

especially in summer, with less rainfall, higher temperatures, extremely high 

daily temperature maximums, or fluctuations and weather parameters in the short 

term (daily, weekly) significantly affects all the living world and consequently 

field crops. This impact is mostly negative, which is reflected through reduced 

value of the most important agronomic traits, both in quantitative (grain and oil) 

and qualitative (oil quality) terms. In addition to the weather conditions, the soil 

is also an important factor for successful production, as well as the level of 

applied technology. More intense, more comprehensive technology significantly 

reduces the negative impact of weather on yield (Pepo and Molnarova, 2010). 

The aim of this study was to compare grain yield, oil content and oil yield 

of seven sunflower hybrids during the period of four years in eastern Croatia, 

with emphasis on the rainfall impact and mean air temperature and to select the 

best hybrid combinations for further breeding work and the process of 

recognition. 

 

MATERIAL AND METHODS 
The basic material in the study included seven sunflower hybrids, out of 

which six are new hybrid combinations (OS-H-2 to OS-H-7) created at the 

Agricultural Institute Osijek. An introduced hybrid, which for many years has 

occupied a large area of sunflower in Croatia, was used as a standard. Hybrids 

were sown in duration of four years (2012 – 2015), according to a randomized 

block design with three replications at the experimental fields of the Agricultural 

Institute Osijek. The soil is eutric cambisol with good pedodynamic properties, 

medium supplied with phosphorus and potassium, pH in KCl 6.3. Other elements 

of the experiment were: the length of the basic plot of 5 m, width of the basic plot 

of 2.8 m, inter row spacing of 0.7 m, space in row 0.23 m, the distance between 

the blocks 1.5 m, the recommended stand density of 62112 plants per hectare. 
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During all years of research the standard agricultural practices were 

applied. The most important sunflower agronomic traits were analyzed. Grain 

yield per plot was recalculated per hectare according to the standard (9% 

moisture and 2% impurities). The oil content was determined by the nuclear 

magnetic resonance method (MQA 7005 NMR Analyser), and the oil yield was 

calculated based on grain yield and oil content. 

The values obtained for individual traits were systematized by hybrids and 

years and statistically analyzed by the analysis of variance (ANOVA) with the 

LSD test at level P0.05. For each hybrid combination minimum and maximum 

values were calculated and compared to the average of experiments (%). 

Analysis of stability was made by means of regression coefficient (bi) that 

represents the ratio k of the genotype according to various environments and 

deviation from regression (s
2
di) concerning the unpredictable variability of a part 

of the genotype was obtained from the sum of squared differences between the 

expected and the obtained yield (Becker and Leon, 1988). 

 

Table 1: Monthly rainfall (mm) and mean monthly temperatures (°C) 
Year I-III IV V VI VII VIII IX Sum 

Precipitation (mm) 

2012 82.6 47.3 93.5 67.9 47.8 4.0 32.3 375.4 

2013 213.1 44.5 132.1 61.2 44.8 86.8 106.3 688.8 

2014 109.5 67.2 142.6 63.9 68.8 69.9 74.9 596.8 

2015 167.9 10.6 108.6 44.9 7.6 50.8 29.1 419.5 

Average 143.3 42.4 119.2 59.5 42.3 52.9 60.7 520.1 

Average 

1961-2014 
124.9 54.2 64.8 85.3 63.4 62.1 56.1 510.8 

Temperature (ºC) Average 

2012  12.5 16.9 22.5 24.8 24.1 18.9 19.9 

2013  13.0 17.5 20.2 23.6 23.7 16.4 19.1 

2014  13.5 16.4 20.8 22.2 21.2 17.4 18.6 

2015  12.4 17.9 21.3 24.9 24.1 19.0 19.9 

Average  12.9 17.2 21.2 23.9 23.3 17.9 19.4 

Average 

1961-2014 
 11.7 16.8 20 21.6 21 16.6 18.0 

*source: Meteorological and Hydrological Service of the Republic of Croatia 

 

Table 2: Analysis of variance for grain yield, oil content and oil yield 

Source of variation 

Grain yield Oil content Oil yield 

MS  

(mean squares) 

MS  

(mean squares) 

MS  

(mean squares) 

Hybrid  1.845** 26.674** 0.438** 

Year  4.468** 89.684** 1.488** 

Hybrid x Year 1.020* 4.163** 0.246** 

*F test significant on level P0.05 

** F test significant on level P0.01 
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The analysis of variance indicated that the hybrid, year and their interaction 

had a significant impact on the grain yield, oil content and oil yield. It also 

revealed that the variability of studied traits in some hybrids is derived from the 

genetic diversity of the material selected for the research, diversity of 

environments (years) in which the traits were realized, and their interaction as 

well (Table 2). 

 

Grain yield 

Table 3 shows the average values for grain yield of the hybrids over the 

years. The highest yield was achieved in 2013 (6.243 t/ha) and the lowest in 2012 

(5.193 t/ha). The year with the highest grain yield (2013) was characterized by 

good reserve of winter moisture (I-III month - 213.1 mm), and the total rainfall 

and its distribution by months and decades during this growing season was 

exceptionally good. This is in agreement with the research of Gadžo et al., (2011) 

who pointed out that sunflower crop responds very well to the abundance of 

accumulated moisture in the soil during winter. Also, the mean monthly 

temperatures were on the average level and the number of hot days was 

acceptable (Table 1). The reason for the low grain yield in 2012 is the fact that 

this was the warmest year during the research period and with higher 

temperatures compared to the multi-year average. During June, July and August, 

average monthly temperatures were higher compared to 2013 and 2014, and 

compared to 2015 this year had many more warm days. It should also be noted 

that during winter (January to March) the precipitation was only 82.6 mm, and 

during the growing season (April-September) 292.8 mm, which is considerably 

less compared to the other years of research and to the multi-year average. In 

August, at the stage of intensive grain filling, there was only 4 mm of rainfall. 

Similar results were presented by Bošnjak (1999) and Josipović and Mađar 

(2004). 

Table 3: Grain yield (t/ha) of analyzed sunflower hybrids and range (%) 

Hybrid 2012 2013 2014 2015 Average 
Range 

(%) 

OS-H-4 5.963 7.000 5.920 6.146 6.257 95-112 

OS-H-2 5.660 6.075 5.798 6.111 5.911 96-103 

STANDARD 4.253 6.795 6.184 6.399 5.908 72-115 

OS-H-7 5.408 6.289 5.260 6.623 5.895 89-112 

OS-H-6 4.593 6.326 5.613 6.125 5.664 81-112 

OS-H-5 5.819 5.855 4.800 4.967 5.360 90-109 

OS-H-3 4.654 5.362 4.913 5.183 5.028 93-107 

Average 5.193 6.243 5.498 5.936 5.718 91-109 

Min. 4.253 5.362 4.800 4.967 5.028  

Max. 5.963 7.000 6.184 6.623 6.257  
LSD0.05 hybrid (A) 0.567  

LSD0.05 year (B) 0.429 

LSD0.05 AxB 1.134 
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The experimental hybrid OS-H-4 had an average grain yield of 6.257 t/ha. 

Also, this hybrid had the highest individual value, and in the most yielding 2013 

achieved grain yield of 7.000 t/ha. Another hybrid which also achieved very good 

results, better than the standard, was OS-H-2 with grain yield of 5.911 t/ha. 

The significance of the hybrid x year interaction indicates that some 

hybrids are better in wet and others in dry years. The standard hybrid had a grain 

yield of 4.253 t/ha in dry year 2012, which was the lowest yield in the 

experiment. In 2014, with above average rainfall during the growing season, 

especially in July and August, it was the best hybrid in the trial. The grain yield 

of this hybrid varied from 72% to 115% in relation to the average grain yield 

(Table 3). 

 

Oil content 

The highest oil content was achieved in the dry 2012 year (51.35%) and the 

lowest in 2014 (47.04%) (Table 4).  

 

Table 4: Oil content (%) of analyzed sunflower hybrids and range of variation  

Hybrid 2012 2013 2014 2015 Average 
Range 

(%) 

OS-H-3 53.69 53.31 48.73 51.59 51.83 94-104 

OS-H-4 53.24 53.42 47.98 51.82 51.62 93-103 

STANDARD 51.96 51.64 47.83 50.16 50.40 95-103 

OS-H-7 51.05 51.89 46.56 50.44 49.99 93-104 

OS-H-5 49.90 48.96 47.61 48.73 48.80 98-102 

OS-H-6 49.43 47.18 47.14 48.62 48.09 98-103 

OS-H-2 50.19 49.45 43.46 48.89 48.00 91-105 

Average 51.35 50.83 47.04 50.04 49.82 94-103 

Min. 49.43 47.18 43.46 48.62 48.00  

Max. 53.69 53.42 48.73 51.82 51.83  
LSD0.05 hybrid (A) 0.77 

LSD0.05 year (B) 0.59 

LSD0.05 AxB 1.57 

 

High values for oil content in 2012 can be explained by the fact that in this 

year the lowest grain yields and the lowest weight of 1000 grains were registered. 

A smaller volume of grain means a lower proportion of shell and endosperm in 

relation to the nucleus, and thus higher oil content. Vranceanu (1977) reported 

similar results, which explained that increasing the number of plants per unit area 

resulted in the development of seeds with smaller size, with lower shell relative 

to the nucleus. Flowering took place in late June and early July, in the period 

when rainfall was slightly lower, which allowed numerous flights of insects, and 

thus higher fertilization and higher oil content. Balalić et al. (2008) and Miklič et 

al. (2014) also point out weather conditions as an important factor in the 

phenotypic expression of this trait. Sunflower is a typically open pollinated, 
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entomophile plant and for higher fertilization insects are extremely important, as 

confirmed by researches of Waghchoure and Rana (1988) and Puškadija et al. 

(2009). 

During the four-year research, statistically significant higher values of oil 

content in relation to the standard were found in OS-H-3 (51.83%) and OS-H-4 

hybrid (51.62%). The experimental hybrid OS-H-7 had similar values as the 

standard. These results point to the progress in breeding for this very important 

sunflower characteristic, and good preconditions for further breeding work in 

creating high oil sunflower hybrids. 

The significance of the hybrid x year interaction, apart from grain yield, 

was also established for oil content. The highest variation in relation to the 

average had OS-H-2 hybrid and the lowest the hybrids OS-H-5 and OS-H-6. The 

hybrid OS-H-5, which in the rainy year 2014 was the fourth, had significantly 

worse results in the remaining three years of study. Similar results were observed 

in the hybrid OS-H-6, which except in 2014 had the lowest value for oil content 

in all other years. 

 

Oil yield 

The research results in Table 5 indicate that the highest oil yield (2.889 

t/ha) was achieved in 2013, then in 2015 (2.704 t/ha) and in 2012 (2.426 t/ha). 

The lowest oil yield was determined in 2014 (2.352 t/ha). As with grain yield, 

favorable weather conditions in 2013 had an extremely important role in the 

expression of this trait. A satisfactory reserve of winter moisture, good 

distribution of rainfall, a mean monthly temperature and not too high temperature 

maximums allowed the highest oil yields in this year. This is in agreement with 

the research of Krizmanić et al. (2013) and Kaya (2016) that highlight the daily 

mean temperature and moisture level as a significant factor in the determination 

of this trait. 

It should be pointed out that 2012 was a very dry year (in August only 4 

mm of rainfall), characterized by an extreme deficit of rainfall, warm days and 

shorter vegetation period and grain filling phase. Although the environmental 

conditions were not so favorable for sunflower growth and development, they did 

not significantly affect grain and oil yield. It can be said that sunflower, unlike 

other spring field crops (corn, soybean) significantly reduces the negative effects 

of stress caused by drought and achieves satisfactory results. The reason lies in 

the fact that sunflower has a strong root system, but also because of the specific 

anatomical structure of the stem and leaf. Similar results were reported by Škorić 

(2009). The significant influence of year on oil yield and also oil content was 

previously emphasized by Balalić et al. (2007). The experimental hybrid OS-H-4 

had the highest oil yield during the research (2.944 t/ha). Also, this hybrid had 

the highest individual value of 3.403 t/ha in 2013. The lowest oil yield during the 

study was detected in the experimental hybrid OS-H-3 (2.372 t/ha). Individually, 

the hybrid which was used as standard achieved the lowest oil yield (2.011 t/ha) 

in 2012, but in 2013 was among the best yielding hybrids. 
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Table 5: The values of oil yield (t/ha) and range (%). 

Hybrid 2012 2013 2014 2015 Average 
Range 

(%) 

OS-H-4 2.889 3.403 2.585 2.898 2.944 88-116 

STANDARD 2.011 3.193 2.692 2.921 2.704 74-118 

OS-H-7 2.512 2.970 2.229 3.040 2.688 83-113 

OS-H-2 2.585 2.734 2.293 2.719 2.583 89-106 

OS-H-6 2.066 2.716 2.408 2.710 2.475 83-110 

OS-H-5 2.642 2.609 2.080 2.203 2.383 87-111 

OS-H-3 2.274 2.601 2.179 2.433 2.372 92-110 

Average 2.426 2.889 2.352 2.704 2.593 91-111 

Min. 2.011 2.601 2.080 2.203 2.372  

Max. 2.889 3.403 2.692 3.040 2.944  
LSD0.05 hybrid (A) 0.261 

LSD0.05 year (B) 0.198 

LSD0.05 AxB 0.523 

 

It can be said that the main goal of every breeder is to increase the genetic 

potential of the most important agronomic traits, particularly oil yield in case of 

sunflower. This is a complex trait determined primarily by grain yield 

components (number of plants per unit area, number of seeds per plant, 1000-

grain weight, test weight, the proportion of shell, plant height, head diameter, 

stem diameter) and by length of the growing season, resistance to dominant 

pathogens, resistance to lodging as well as by oil content in grain. The objective 

quantification of the expression of this trait should not be guided by the values 

achieved in certain environments, but by the total value of each cultivar, which 

allows estimation of stability and adaptability. Thus, in addition to the level of 

yield in particular environments, the response of the individual genotype (hybrid) 

to environmental conditions, i.e., genotype by environment interaction is also 

analyzed, which is the basis for a quantitative assessment of phenotypic stability 

(Piepho, 1999; Sudarić and Vratarić, 2001). 

Based on the statistical parameters like regression coefficient (bi), deviation 

from regression (s
2
di) and the level of oil yield (Table 6), hybrids in the research 

can be classified into 4 groups: 

- The first group (bi ≈ 1, and the low value of s
2
di) consists of hybrids OS-H-4 (x 

= 2.944, bi = 1.21, s
2
di = 0.04) and OS-H-6 (x = 2.475, bi = 0.97, s

2
di = 0.05). 

They are stable, widely adaptable hybrids, which would on improved production 

conditions (higher investment) respond by significant increase of oil yield 

regardless of environment. 

- To the second group belong hybrids that have bi <1, and s
2
di > 0.00. These are 

hybrids that have good performance in low yielding environments, and in high 

yielding environments achieve small changes in oil yields. We consider them 

adaptable to low yielding environments. In our research, it is the OS-H-5 hybrid 

(x = 2.383, bi = 0.42, s
2
di = 0.11). 
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- The third group includes hybrids which are characterized by values  bi > 1 and 

s
2
di > 0.00. The standard hybrid (x = 2.704, bi = 1.54, s

2
di = 0.16) and the hybrid 

OS-H-7 (x = 2.688, bi = 1.41, s
2
di = 0.09) belonged to this group. They are 

adapted to high yielding environments, which means that in low yielding 

environments they generally have lower oil yields. 

- For hybrids OS-H-2 and OS-H-3 it is hard to determine whether they belong to 

stable or unstable genotypes. For these genotypes the s
2
di parameter value 

indicates stability, but bi <1 indicates unstable genotypes. Therefore, for these 

genotypes additional evaluation is needed. 

 

Table 6: The average oil yield (2012- 2015), regression coefficient (bi) and 

deviation from regression (s
2
di). 

Hybrid 
Oil yield 

(t/ha) 
bi s

2
di 

STANDARD 2.704 1.54 0.16 

OS-H-2 2.583 0.70 0.02 

OS-H-3 2.372 0.74 0.01 

OS-H-4 2.944 1.21 0.04 

OS-H-5 2.383 0.42 0.11 

OS-H-6 2.475 0.97 0.05 

OS-H-7 2.688 1.41 0.09 

Average 2.593   

 

CONCLUSIONS 

Based on the analyzed data for grain yield, oil content and oil yield in 

sunflower hybrids the following conclusions can be made: 

1. For all studied traits statistically significant differences for years of research, 

hybrids and hybrid x year interactions were determined, 

2. Satisfactory reserve of winter moisture, good distribution of rainfall and mean 

monthly temperature, and not too high temperature maximums in 2013 resulted 

in the highest grain yield (6.243 t/ha) and oil yield (2.889 t/ha), 

3. The highest oil content (51.35%) was recorded in 2012, which was 

accompanied by a distinct drought, slightly lower grain yield, smaller mass of 

1000 seeds which resulted in a higher share of nucleus, 

4. OS-H-4 and OS-H- 6 are stable, widely adaptable hybrids. These hybrids, in 

improved production conditions (higher investment), will respond with 

significant increase in oil yield regardless on the environment, 

5. OS-H-5 is a hybrid adapted to low yielding, and OS-H-7 to high yielding 

environments, 

6. The hybrid OS-H-4, with respect to the achieved results of grain yield (6.257 

t/ha), oil content (51.62%) and oil yield (2.944 t/ha) can be considered a 

perspective hybrid for recognition and commercial production. 
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