
 1 

Modeling of environmental causes of hybrid by sowing date interaction in 

sunflower: a statistical approach 

 
Igor Balalic,

1
 Miroslav Zoric,

2
 Jovan Crnobarac,

3
 Vladimir Miklic V,

4
 Velimir Radic

5
 

1
Institute of Field and Vegetable Crops, Maksima Gorkog 30, 21000 Novi Sad, Serbia, 

igor.balalic@ifvcns.ns.ac.rs 
2
Faculty of Technology, University of Novi Sad, Bulevar cara Lazara 1, 21000 Novi Sad, Serbia, 

crop.biometrics@gmail.com 
3
Faculty of Agriculture, University of Novi Sad, Trg Dositeja Obradovica 8, 21000 Novi Sad, Serbia, 

jovanc@polj.uns.ac.rs 
4
Institute of Field and Vegetable Crops, Maksima Gorkog 30, 21000 Novi Sad, Serbia, 

vladimir.miklic@ifvcns.ns.ac.rs 
5
Institute of Field and Vegetable Crops, Maksima Gorkog 30, 21000 Novi Sad, Serbia, 

velimir.radic@ifvcns.ns.ac.rs 

 

 

ABSTRACT 

 

 The analysis of agronomic crop trials is usually complicated by the presence of hybrid by 

environment interaction. In this study the effect of selected environmental variables on hybrid by 

sowing date interaction in sunflower, using statistical approach, were investigated.  

 For the statistical modeling of interaction six environmental variables (minimum, maximum and 

mean temperatures, total precipitation, sunshine hours and relative air humidity) were used as 

input information in factorial regression model (FR). The calculation of environmental variables 

for each sowing date, were made according to approximate sunflower growth stages (six leaves, 

budding, flowering, physiological maturity). Three hybrids Miro, Rimi and Pobednik were 

grown during three vegetation periods and sown at eight sowing dates. The effects of 

environmental variables on the hybrid by sowing date interaction for seed yield and yield 

components (oil yield, oil content, 1000 seed weight) were tested. 

 The results of individual FR model showed that all traits, except seed yield, were affected by the 

same number of environmental variables. Most of the variables exhibited the largest effect on 

interaction in flowering stage, indicating that this growth stage was most sensitive. Among the 

most important environmental variables were detected relative humidity, maximum temperature, 

and precipitation. Considering the stepwise FR model where variables were analyzed within 

particular growth stages, the largest percentage of explained interaction was obtained for 1000 

seed weight (60 %) in physiological maturity. The second best model was obtained for oil yield 

in flowering stage. This model explained 54.4 % of interaction variance. Stepwise FR models in 

respect to the type of environmental variables (across sunflower growth stages) showed that the 

highest proportion of interaction variance was obtained for model which analyzed relative air 

humidity for oil yield (44.9 %) and oil content (34.1 %) in flowering stage.  The significance of 

precipitation, sunshine hours, maximum and mean temperature for all traits in flowering stage 

was also stated.  

 By planting sunflower earlier, plants are able to get full benefit of soil moisture and nutrient 

during the extended growing season, and obtain maximum yield and yield components. 

 The results of this study could be of importance in determining the most advantageous sowing 

dates for certain sunflower hybrids. This could help in rationalizing the costs of the experiment, 

and in obtaining reliable information about the behavior of sunflower hybrids. It is of interest in 

sunflower production. 
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INTRODUCTION 

In many trials in which a set of hybrids is grown in a range of environments, the hybrids do not 

evidence the same responses (or ranks) under all conditions. This phenomen is called hybrid by 

environment interaction. It is essential to find out which factors could explain the greatest proportion of 

interaction. In order to assess the physiological basis of interaction, analysis often include additional 

information such environmental variables (Denis, 1988, van Eeuwijk et al. 1996). Factorial regression 

(FR) is ordinary linear model which incorporates genetic and environmental informations that enhance 

physiological interpretation of interaction, as well main effects in parsimonious manner (van Eeuwijk et 

al., 1996; Brancourt-Hulmel et al., 1997, Vargas et al., 2001).  

This investigation was undertaken to study the impact of environmental variables on hybrid by 

sowing date interaction in sunflower using statistical approach. 

 

 

MATERIAL AND METHODS 

To investigate the underlying physiological mechanisms of hybrid by environment interaction for 

seed yield, oil yield, oil content and 1000 seed weight, three sunflower hybrids (Miro, Rimi and 

Pobednik), breed at the Institute of Field and Vegetable Crops, Novi Sad, Serbia, were used. Hybrids 

were grown during three vegetation periods (2005, 2006, 2007) and sown at eight different sowing dates 

(SD) in 10-days interval (SD1-20th of March, SD2-30th of March, SD3- 10th of April, SD4- 20th of 

April, SD5- 30th of April, SD6-10 of May, SD7- 20th of May, SD8- 30th of May). The experimental 

setup was randomized complete block design with four replications. Seed yield (t/ha), oil yield (t/ha), oil 

content (%), and 1000 seed weight (g) were analyzed. The sunflower growth stages (V-vegetative and R-

reproductive development) were determined according to Schneiter and Miller (1981) as follows: V4-6 

leaves (stage 1), R1-budding (stage 2), R5.8-flowering (stage 3) and R9-physiological maturity (stage 4). 

Meteorological records were taken for minimum (mn), maximum (mx) and mean temperatures (mt), 

precipitation (pr), sunshine hours (sh) and relative air humidity (rh), from which environmental variables 

were calculated and averaged for the duration of particular growth stages: six leaves (mn1, mx1, mt1, pr1, 

sh1, rh1), budding (mn2, mx2, mt2, pr2, sh2, rh2), flowering (mn3, mx3, mt3, pr3 sh3, rh3), and 

physiological maturity (mn4, mx4, mt4, pr4, sh4, rh4) for each sowing date. 

Fixed effect two-way model ANOVA on combined data was performed in order to determine the 

significance and relative magnitude of each source of variation. Linear FR model is presented by the 

following equation: 
ij

K

k jkikjiij
zehy    1

 where μ is general mean of all hybrids and sowing 

dates, hi is the main effect of the ith hybrid, ej is the main effect of the jth sowing date. The interaction of 

ith hybrid and jth sowing date was is represented by the ξik  which are regression coefficients of hybrid 

sensitivity for a given environmental variable zjk. The ji  is the average error. In order to test the effects 

of environmental variables, the model of individual FR was applied (Denis, 1988, van Eeuwijk, 1996). In 

addition two types of models were built by forward stepwise selection procedure. In the first one stepwise 

procedure was applied on the subset of environmental variables (across type of environmental variable), 

and second one was built by similar approach (across growth stages). FR models were implemented in R 

computing environment (R Development Core Team, 2009). 

 

 

RESULTS AND DUSCUSSION 

ANOVA for all examined traits showed that main effects and hybrid by sowing date interaction was 

highly significant, except for seed yield (hybrid as source of variation was not significant). Hybrid by 

sowing date interaction ranged between 7.1 % for oil content to 11.0% for oil yield (data not presented).  

Table 1 presented the results of individual FR which estimates the effect of environmental variables 

on parsimonious way (i.e. in present case with only two degrees of freedom) to the total hybrid by sowing 

date interaction. Except seed yield, other traits were affected by the same number of environmental 

variables. Particularly, most of variables exhibited the largest effect (expressed as relative proportion of 

interaction variance) in the flowering indicating that this growth stage is the most sensitive. Among the 

most important environmental variables were detected relative humidity, maximum temperature, and 

precipitation. 
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Table 1. Individual contribution of environmental variables to the hybrid by sowing date interaction in 

sunflower. Highly significant (P < 0.01) and significant (P < 0.05) variables were retained. 

 

Growth 

stage 

Environmental 

variable 

Seed 

yield 

Oil 

yield 

Oil 

content 

1000 seed 

weight 

Six leaves mx1  4.7**   

mn1  4.1** 9.0** 3.5* 

mt1  3.5* 4.4*  

pr1     

sh1    4.4** 

rh1    14.4** 

Budding mx2  3.6* 16.1** 6.5** 

mn2  2.5* 9.0** 4.2* 

mt2  3.4* 14.0** 3.7* 

pr2   11.6**  

sh2   6.5*  

rh2  3.3* 4.6* 13.4** 

Flowering mx3 20.2**,
a,b

 29.3** 22.6** 27.7** 

mn3     

mt3 17.0** 22.9** 15.5** 24.9** 

pr3 20.4** 25.6** 13.0** 15.2** 

sh3 12.1** 17.5** 11.7** 16.1** 

rh3 29.2** 44.9** 34.1** 24.2** 

Physiological 

maturity 

mx4     

mn4     

mt4    3.8* 

pr4 4.6* 2.5*  11.4** 

sh4 5.6* 11.9** 9.1**  

rh4 14.4** 26.5** 29.8** 12.0** 
a
 relative contribution of environmental variable to the interaction term 

b
 each term has two degree of freedom 

*P < 0.05; **P < 0.01 

 

In order to construct the more successful FR models in the terms of their effectiveness in the 

explanation of interaction, forward stepwise procedure was applied to the subset of environmental 

variables per particular growth stage. Similar to above presented results of individual FR, stepwise 

procedure selected the model for 1000 seed weight during the physiological maturity as the model with 

highest proportion of explained variance. This model contained four environmental variables 

(precipitation, relative air humidity, maximum and minimum temperature) and explained 60 % of 

interaction with eight degrees of freedom. The second best model was obtained for oil yield in flowering 

stage. This model explained slightly smaller proportion of interaction (54.4 %) than first ranked model 

and contained three environmental variables (relative air humidity, sunshine hours and precipitation) as 

the most important. Equally good models were constructed for oil yield (47.4%) and oil content (45.4%) 

in physiological maturity as well for oil content (46.2%) in flowering stage. The poorest models were 

obtained for first two stages of sunflower development (Table 2). 

 

Table 2. Stepwise FR models including the environmental variables per growth stage. Highly significant 

(P < 0.01) and significant (P < 0.05) variables were retained in the model. 

 

Growth 

stage 

Environmental 

variable 

Seed 

yield 

Oil 

yield 

Oil 

content 

1000 seed 

weight 

Six leaves mx1  4.7**  9.6** 

mn1   9.0** 4.6** 

mt1 10.6**,
a,b

 7.9**   

pr1  3.2* 9.1**  

sh1 14.7** 17.0** 9.6**  

rh1    14.4** 
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Budding mx2  3.6* 16.1**  

mn2  6.6**  7.2** 

mt2  4.1** 5.5*  

pr2 8.6**   9.9** 

sh2 6.9** 13.4**  11.2** 

rh2    13.4** 

Flowering mx3   5.1* 27.7** 

mn3     

mt3    4.1* 

pr3 5.3* 2.9*  3.6* 

sh3  6.6** 7.0*  

rh3 29.2** 44.9** 34.1** 3.5* 

Physiological 

maturity 

mx4    8.3** 

mn4    7.4** 

mt4     

pr4 20.2** 20.9** 15.6** 32.3** 

sh4     

rh4 14.4** 26.5** 29.8** 12.0** 
a
 relative contribution of environmental variable to the interaction term 

b
 each term has two degrees of freedom 

*P < 0.05; **P < 0.01 

 

The second group of FR models was constructed with the aim of building the subsets of models in the 

respect to the type of environmental variable (across the sunflower growth stages). As expected, the 

highest proportion of interaction variance was obtained for model which analyzed the relative air 

humidity for oil yield and found as particulary important this environmental variable for flowering and 

physiological maturity stage. The explained interaction variance for oil yield in flowering  was 44.9 %. 

Similar result was obtained for oil content in the same growth stage. The proportion of explained variance 

was 34.1 %. FR models which analyzed precipitation, sunshine hours, maximum and mean temperature, 

as environmental variables, showed also the imortance of these variables for all traits in flowering stage 

(Table 3). 

 

Table 3. Stepwise FR models including the environmental variables per variable type. Highly significant 

(P < 0.01) and significant (P < 0.05) variables were retained in the model. 

 

Environmental 

variable 

Growth 

stage 

Seed 

yield 

Oil 

yield 

Oil 

content 

1000 seed 

weight 

Maximum 

temperature 

six leaves  2.9*   

budding  2.8* 11.4** 3.1* 

flowering 20.2**,
a,b

 29.3** 22.6** 27.7** 

physiological maturity    5.2** 

Minimum 

temperature 

six leaves 5.9* 4.1* 9.0**  

budding  6.5** 4.6* 4.0* 

flowering     

physiological maturity    5.1** 

Mean 

temperature 

six leaves  4.2*   

budding  5.5** 13.0**  

flowering 17.0** 22.9** 15.3** 24.9** 

physiological maturity    10.1** 

Precipitation six leaves  3.1* 4.6*  

budding  5.2** 16.2**  

flowering 20.4** 25.6** 13.0** 15.2** 

physiological maturity    8.3** 

Sunshine 

hours 

six leaves    11.7** 

budding   13.7** 5.8** 

flowering 12.1** 17.5** 11.7** 16.1** 
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physiological maturity  7.8**  4.9** 

Relative air 

humidity 

six leaves    19.8** 

budding     

flowering 29.2** 44.9** 34.1** 24.2** 

physiological maturity  3.2* 7.3*  
a
 relative contribution of environmental variable to the interaction term 

b
 each term has two degrees of freedom 

*P < 0.05; **P < 0.01 

 

Studying the effect of sowing date on seed yield in sunflower, Barros et al. (2004) came to the 

conclusion that rainfall in the later stages of sunflower development under Mediterranean conditions (in 

the South of Portugal), mostly contributed to year by sowing date interaction. Sunflower seed yield was 

influenced by solar radiation, which is received through the crop canopy. The reduction of solar radiation 

leads to a reduction of seed and oil yield in sunflower, as stated by Faramarzi and Korshidi (2008). 

Chimenti and Hall (1992) reported that water deficit during flowering and seed filling were critical for the 

formation of sunflower yield, since the lack of moisture during this period reduced the supply with 

assimilates required for reproductive growth and yield. De la Vega et al. (2001) found that minimum 

temperature and photoperiod played an important role in interaction for oil yield in sunflower. 

Application of FR model on the four sunflower quantitative traits from the agronomic trial lead to 

physiological insight into environmental causes of the hybrid by sowing date interaction. The obtained 

results highlighted the importance of the relative air humidity as the most important variable for 

differential response of hybrids to the changes of sowing date. Furthermore, physiological maturity 

followed by flowering was observed as the most sensitive growth stage during the sunflower development 

By planting sunflower earlier, plants are able to get full benefit of soil moisture and nutrient during 

the extended growing season, and obtain maximum yield and yield components. 
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