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Abstract. The evaluation of genotype × environment interaction (G×E) is an important component of the 

selection process in multi-environment trials. The objective of this study was to analyze the G×E 

interaction for seed yield (SY), germination rate (GR), thousand seed weight (TSW) and protein content 

(PC) of 18 sunflower parental lines through the application of AMMI analysis, as well as to identify 

suitable sunflower parental lines with both high performance and high stability. Highly significant 

differences for SY, GR, TSW and PC were found for main effects (genotypes, years). For all investigated 

traits G×E interaction was also highly significant, suggesting a different response of genotypes across 

testing environments. Highest SY was shown by genotypes G12, G14 and G17. Most stable lines for seed 

yield were G1, G2, G18 and G17. High stability in terms of GR showed the genotypes G3, G11 and G15, 

with average values higher than the general average. In the three-year experiment environment E3 was 

most stable for GR. Genotypes G2, G4, G5, G6 and G7 were stable for TSW. Similar average values and 

stability for TSW showed E2 and E3. The lines with the most stable reaction in the examined 

environmental conditions for PC were G7 and G10. The most stable environment for PC was E3. 

Keywords: AMMI analysis, germination rate, protein content, 1000 seed weight, seed yield 

Introduction 

Sunflower (Helianthus annuus L.), with soybean (Glycine max (L.) Merr.) and 

rapeseed (Brassica napus L.), are some of the most important crops grown in the world 

and used as edible oil (Rauf et al., 2017; Kaya et al., 2019; Mahmood et al., 2019). It is 

arousing the interest of the producers, due to the possibility of using its oil as human 

food or as raw material for industrial purposes (Sabaghnia et al., 2016). High and stable 

yields are characteristics of greatest importance in commercial production. In the 

production of sunflower seed despite the yield, seed quality is very important. The 

primary goal of sunflower seed production is the production of genetically and 

physically pure seeds which are physiologically mature and healthy and have high 

germination rate as well as tolerance to agro-ecological stress (Miklič et al., 2011). 

Success in sunflower growing and production depends not only on the genetic potential 

of the genotype but also on environmental conditions (Denčić et al., 2011). Knowing 

how environmental factors impact plant growth and development would reduce the 

possibility of sustaining significant yield and seed quality losses (Marjanović-Jeromela 

et al., 2011). The use of genotype main effect plus genotype-by-environment interaction 

biplot analysis by plant breeders and other agricultural researchers has increased 

dramatically during the past decade for analyzing multi-environment trial data (Yan et 

al., 2007). 

The researchers very often ignore interaction in the recommendation for growing 

some hybrids. As the interaction is present in agriculture, it is necessary to use 
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corresponding statistical methods for the efficient evaluation of interaction (Ceretta and 

van Eeuwijk, 2008). The key question of adaptive selection is how to treat mutual 

relations between genotype and the environment. Basic aspects of this relation concern 

the assessment of adaptive capacity and stability of phenotypes in different 

environments and the assessment of the environment’s suitability as a background for 

selection (Marinković et al., 2011). 

In multi-environment trials, it is common to measure several response variables or 

attributes to determine the genotypes with the best characteristics. Thus, it is important to 

have techniques to analyze multivariate multi-environment trial data (García-Peña et al., 

2016). AMMI (additive main effects and multiplicative interaction) model can be used to 

analyze multiple yield trials (Oliveira et al., 2014). It is one of the most often used model 

(Ceretta and van Eeuwijk, 2008). This hybrid statistical model incorporates both ANOVA 

for the additive component and PCA (principal component analysis) for the multiplicative 

component (Balalić et al., 2010). Since ANOVA and PCA are part of the AMMI model, 

this model is more suitable for characterizing the G×E interaction (Oliveira et al., 2006). 

The other advantage of AMMI analysis is to identify the presence of crossover GE 

Interaction (Kadhem, 2014). The magnitude of interaction shows the influence of 

environmental factors on adaptability and stability, which is a desired character only when 

it is connected with a yield above average (Yan and Hunt, 2003). AMMI model can 

provide an accurate estimation of the true performance potential of genotypes to 

determinate the effect of different environment (Musavi et al., 2016). Multi-environment 

trials (MET) are an important part of breeding programs in order to select superior 

genotypes for the specific region, as reported by Branković et al. (2012). 

This study was conducted to give more accurate investigation about the performance 

of 18 different sunflower parental lines in order to identify those which are most 

promising for better exploitation. AMMI analysis will give information on stability and 

genotype by environment interaction for seed yield, germination rate, thousand seed 

weight and protein content of sunflower lines. 

Materials and methods 

Field experiments were conducted during three seasons on plots where seed 

production of sunflower parental lines was established. Ten of them were lines based on 

CMS (G1-G10) and eight of them were restorer lines (G11-G18). All examined 

genotypes represent parental components of the best-selling sunflower hybrids of the 

Institute of Field and Vegetable Crops, Novi Sad, Serbia. 

The test environments are not typically environments for sunflower commercial 

production, since idea of successful sunflower seed production can be arranged only on 

locations where commercial sunflower is not producing (isolation and genetic purity of 

parental lines are one the most important factors for good seed production). Because of 

these facts (conditions), in many cases, the locations where the sunflower seed production 

(especially in cases of sunflower parental line seed production) are characterized by worse 

conditions (mainly refers to the quality of the soil and weather conditions). The average 

temperature and rainfall for both locations are presented in Table 1. 

Plants were produced on two different soil types: pseudogley (location 1; pH is 5.9-

6.5) and degraded chernozem (Location 2; pH 6.2-6.6); the soil is fertilized with 400 kg 

of complex fertilizer NPK (15:15:15) and 250 kg of KAN (27% N) given during crop 

cultivation. 
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Table 1. Average temperature (°C) and rainfall (mm) per month 

Temperature (°C) Location 1 

Year/month April May June July August September 

2013 11.6 20.5 24.8 23.2 24.9 16.8 

2014 11.5 18.8 22.2 23.3 21.7 16.3 

2015 12.6 15.4 20.3 22.6 22.0 16.4 

Perennial average 10.9 15.9 19.4 21.0 20.5 16.1 

 Location 2 

2013 10.9 18.8 23.5 22.3 23.6 15.6 

2014 10.9 17.6 20.8 22.4 20.5 15.2 

2015 12.1 14.5 19.5 21.3 20.6 15.6 

Perennial average 11.1 16.3 19.89 21.3 20.9 16.1 

Rainfall (mm) Location 1 

Year/month April May June July August September 

2013 9.5 36.9 43.6 62.3 15.9 43.7 

2014 62.8 143.7 47.3 37.8 55.3 71.9 

2015 98.6 116.1 87.7 97.9 91 46.7 

Perennial average 78.8 86.5 115.2 105.1 70.2 91.6 

 Location 2 

2013 35.9 42.6 65.6 100.9 30 53.4 

2014 114.7 194.2 59.8 54.1 160.8 87.4 

2015 189.9 104.8 129.5 148.6 68.7 60.5 

Perennial average 80.0 85.3 120.3 104.7 78.2 94.2 

 

 

The experiments were arranged in a randomized complete block design (RCBD) with 

three replications. The following parameters were studied: 

Seed yield (SY): Upon maturity, 10 plants were picked manually, from different 

locations on the plot, and seed yield per plant was determined. By the application of 

previously determined plant density (50.000 plants ha-1), obtained seed yield per plant 

was determined in kg ha-1 with 9% of moisture. 

Samples from each replication were taken to laboratory and following parameters 

were studied: 

Germination rate (G): Standard method. Examination of seed germination was 

repeated 4 times. Each time 100 seeds were used. Germination was determined after 

10 days. Only naturally formed seeds were used for determination of this parameter. 

Germination was expressed in relative values (ISTA rules, 2014). 

1000 seed weight (TSW): Examination of 1000 seed weight was repeated 4 times. 

Each time 100 seeds were used. The obtained value was applied to 1000 seed weight 

and was specified in grams. 

Protein content (PC): Determined by standard Kjeldahl method with the help of 

VAP-50-Gerhardt apparatus. This parameter is also expressed in relative value. 

Data were analyzed using two-way analysis of variance (ANOVA). The AMMI 

model was used to analyze the G × E interaction (Gauch, 1988). AMMI analysis of 

variance and AMMI1 biplot were done using GENSTAT computer program. 
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To analyze the G × E interaction, the AMMI model was used (Gauch, 1988). The 

AMMI statistical model is a combination of customary analysis of variance (ANOVA) 

and principal component analysis (PCA). The equation (Eq. 1) of this model is: 

 

 Yge = µ + αg + βe + Σn λn γgn δen + ρge + εger (Eq.1) 

 

with Yge is the trait of genotype g in environment e; µ is the grand mean, αg is the 

genotypes deviation from grand mean and the environment deviation βe, λn is the 

eigenvalue of PCA axis n; γgn and δen are the genotype and environment PCA scores 

for PCA axis n; ρge is the residual of AMMI model and εger is the random error. AMMI 

uses ordinary ANOVA to analyze main effects and principal component to analyze the 

non-additive residual (interaction) left over by the ANOVA model. PCA decomposes 

the interaction into PCA axes 1 to N and residual remains if all axes are not used. If 

most of the G × E interaction sum of squares (SS) can be captured in the first N PCA 

axes, a reduced AMMI model, incorporating only the first N axes, can be used. The 

interaction between any genotype and environment can be estimated by multiplying the 

score of the interaction principal component axis (IPCA) of genotype by an 

environment IPCA score. 

Results and discussion 

Seed yield (SY) 

Breeders are mainly concerned with crop yield and yield stability and this 

performance depends on the genetic yield potential; all those desirable genes that have 

been incorporated into a cultivar in the course of the breeding process (Marinković et 

al., 2011). According to these authors yield stability depends on the cultivar’s capacity 

to react to environmental conditions. 

On the basis of ANOVA, it can be seen that both main effects (G and Y) and 

interaction (G × Y) had a highly significant effect on SY. For SY, main effects and 

interaction were highly significant. SY was predominantly influenced by the genotype 

(81.62%). Year amounted to SY with 0.38%, and interaction with 18.00% (Table 2). 

This interaction (sums of squares) showed different performance of genotypes in the 

year of growing. According to Marinković et al. (2011), the results of the AMMI 

analysis of variance for the seed yield showed that both additive effects (genotype and 

environmental conditions) as well as their interaction had highly significant proportions 

in the total variance of the experiment. 

The SY varied between 253.3 kg (G4) and 1415.9 kg (G12). The general mean 

germination rate of the trial was 664.07 kg (Table 3). Some of the genotypes had mean 

values over this average value. Concerning years (E) the highest mean value for SY was 

stated in E3 (696.4 kg), while the lowest in E2 (645.2 kg), as shown in Table 3. 

According to Sial and Ahmad (2000) high seed yield should not be the only criterion for 

stability of a genotype unless its high performance is established over the different 

environmental conditions. The AMMI1 graph for SY shows the difference between the 

lines (G) and the years (E) in the main effects and interaction. Most stable are lines G1, 

G2, G18 and G17 and they had also seed yield over average. There are some other 

stable lines, but with lowest seed yield concerning the average which was 664.7 kg/ha. 

E1 (the year 2013) was most stable because its value was nearest to the line of stability 
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and had seed yield on the average value. E3 (the year 2015) contributed most to G × E 

interaction, having value farthest away from stability axes (Fig. 1). 

 
Table 2. AMMI analysis of variance for seed yield (SY), germination (GR), 1000 seed weight 

(TSW) and protein content (PC) in sunflower 

 SY GR TSW PC 

Source DF SS % SS SS % SS SS % SS SS % SS 

Treatments 53 22484625  3478  38889  1178.3  

Genotypes (G) 17 18350901** 81.62 1294** 37.21 35597** 91.53 657.7** 55.82 

Environments (E) 2 85643** 0.38 430** 12.36 412** 1.1 109.1** 9.26 

Block 6 402  28  2  0.3  

Interaction (GEI) 34 4048081** 18.00 1754** 50.43 2880** 7.41 411.5** 34.92 

IPCA1 18 2702041** 66.75 1393** 79.42 1661** 57.67 363.1** 88.24 

IPCA2 16 1346040** 33.25 361** 20.58 1218** 42.29 48.4** 11.76 

Residuals 0 0  0  0  0  

Error 102 3174  380  54  2.7  
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Figure 1. AMMI 1 biplot of 18 sunflower lines over three growing environments for seed yield 

 

 

Germination rate (GR) 

Understanding of G × E interaction in plant species is important because it has 

implications for economic yield and seed quality (Thangavel et al., 2011). The size of 

the genotype interaction × external environment (G × E) is the result of variation of 

uncontrolled factors, such as climate factors that are varying from year to year (Adugna 

and Labuschange, 2002). Germination seed under various environmental conditions and 

represents a critical component of the plant life cycle that is of eminent ecological and 
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agronomic importance (He et al., 2014). It has been observed that a change of 

temperature, photoperiod, or nutrient or drought stress, during seed development, 

maturation, and after dispersal, may strongly affect seed performance (Donohue, 2009). 

On the basis of ANOVA, it can be seen that both main effects (G and Y) and interaction 

(G × Y) had a highly significant effect on GR. From the main effects, genotype 

contributed mostly to the GR (37.21%), and then environment (12.36%). The 

interaction effect accounted for most of the sum of squares (50.43%) indicating the 

substantial effect of interaction on the GR performance of the eighteen sunflower 

genotypes evaluated in this study. Interaction showed that the performance of genotypes 

responded differently to variations in the year of growing (Table 2). 

 
Table 3. Average values for seed yield (SY) and germination rate (GR) and first IPCA 

(interaction principal component axis) in sunflower lines 

Genotype SY (kg) IPCA[1] GR (%) IPCA[1] 

G1 726.3 -0.21 89.00 1.81 

G2 894.0 -2.13 80.22 1.74 

G3 499.3 -2.13 89.33 -0.13 

G4 253.3 3.62 88.00 0.61 

G5 471.3 1.40 84.00 1.29 

G6 255.3 -1.11 87.22 -1.27 

G7 523.9 14.94 86.44 0.84 

G8 481.3 9.37 88.44 0.47 

G9 504.3 0.36 88.00 -1.95 

G10 558.0 -2.16 84.33 -1.65 

G11 626.3 -3.26 88.89 0.16 

G12 1415.9 -14.64 88.67 -0.95 

G13 526.7 4.64 91.33 -1.23 

G14 1378.7 -16.69 83.33 0.39 

G15 276.7 -3.91 87.67 -0.37 

G16 590.3 7.53 92.00 0.49 

G17 1115.6 2.97 85.00 0.62 

G18 856.0 1.38 87.78 -0.89 

E1 650.6 8.54 85.44 -3.70 

E2 645.2 16.22 89.37 2.58 

E3 696.4 -24.76 86.80 1.12 

 

 

It is very important that sunflower seed quality be maintained at a high level in 

different production conditions (Mrđa et al., 2012). The same finding was obtained by 

Pacheco et al. (2005), who reported that sunflower seed is greatly influenced by 

environmental factors, which most often results in high variability, both among different 

years in a single location and among different locations in a single year as well as among 

different locations and years. The GR varied between 80.22% (G2) and 92.00% (G16). 

The general mean germination rate of the trial was 87.2% (Table 3). Some of the 

genotypes had mean values over this average value. Concerning years (E) the highest 

mean value for GR was stated in E2 (89.37%), while the lowest in E1 (85.44%), as shown 

in Table 3. The same finding was obtained by Pacheco et al. (2005), who reported that 
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sunflower seed is greatly influenced by environmental factors, which most often results in 

high variability, both among different years in a single location and among different 

locations in a single year as well as among different locations and years. 

AMMI is the best model in multi-environmental experiments. It provides an 

understanding of complex genotype by environment interactions (Gauch, 2006). 

AMMI1 biplot in our experiment showed that the sunflower genotypes were grouped on 

the basis of their reaction to environmental conditions which prevailed in the three-year 

period. From the AMMI1 biplot, it can be seen that it was a significant difference in GR 

for main effects (G, E) and for the interaction (G×E). Lower IPCA values for genotypes 

(lines) and environments (years) suggest lower interaction level and therefore higher 

stability (Gauch, 2006). The genotypes G3, G11 and G15, with mean values higher than 

the general average (87.2%) showed high stability for GR. Their position in relation to 

the abscissa indicates that it had similar GR in all environments. These genotypes 

contributed least to the G×E interaction, as they were closer to the center of origin of the 

axes. Genotypes G16 and G13, had the highest mean values for GR but had less 

stability. The genotypes farthest away from the graphic’s origin contributed most to 

increase the G×E interaction for GR, such as G1, G2, G9 and G10 (Fig. 2). 
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Figure 2. AMMI 1 biplot of 18 sunflower lines over three growing environments for 

germination rate 

 

 

The lowest interaction effect was registered in E3, which was most stable in the 

three-year investigation. Genotypes with mean values on the average (G7) and over 

average (G4, G8) showed positive interaction with E3. G1 showed highest interaction 

effect on the positive side of IPCA. The highest interaction on the negative side of 

IPCA was evident in G9. Negative interaction with E2 had genotype G10, with mean 

values lower than average. G10 showed positive interaction with the first year of the 

experiment. Close positions on the graph of the lines G4, G8 and G11 suggest that they 

require similar environmental conditions which can be used in seed production. Similar 
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associations can be found between genotypes G6, G12 and G18. Among the 

environments, the highest level of stability was found in the E3, while the positions E1 

and E2 at the ends of the graph suggest that they can be marked as very unstable for the 

trait of germination rate. Opposite positions of the environments E1 and E2 suggest that 

these environments have very different growing conditions for the examined trait. 

 

1000 seed weight (TSW) 

It is very important that the sunflower hybrid seed, which is used for sowing, has a 

high value of thousand seed mass. Such seed conserve more food reserves and plants 

that develop from embryos grow faster, which is often very important in unfavorable 

agro-ecological conditions (Balalić et al., 2012). Considering the fact that there is a 

significant positive correlation between the mass of 1000 seeds and yield (Kaya et al., 

2007), it is in interest to use hybrids with as high values of this trait. All sources of 

variation, main effects and interaction, for TSW were highly significant. TSW was 

predominantly influenced by the genotype (91.53%). Year amounted to TSW with 

1.10%, and interaction with 7.41% (Table 2). The TSW varied from 28.3 g (G12) to 

79.10 g (G2), with a mean average of 55.7 g. The environment with highest TSW was 

E2 (57.9 g), while the E1 had the lowest average of TSW (53.9 g) (Table 4). Based on 

experiment carried out under Iranian conditions, the mass of 1000 seeds ranged between 

36.0 g and 50.0 g (Beg et al., 2007), while the values obtained by Nel (2001) during the 

two-year experiment in the conditions of South Africa ranged between 59.4 g 78.5 g. 

Based on a test of 13 hybrids during a four-year experiment in the conditions of central 

Italy, Laureti et al. (2007) obtained that the 1000 seeds average mass was 45.2 g. Values 

closer to the stability line (0) indicate stabile genotypes or stable years in relation to 

genotypes. Genotypes G2, G4, G5, G6 and G7 were stable for TSW because their 

values are nearest to the line of stability (Fig. 3). 
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Figure 3. AMMI 1 biplot of 18 sunflower lines over three growing environments for thousand 

seed weight 
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Table 4. Average values for 1000 seed weight (TSW) and protein content (PC) and first 

IPCA (interaction principal component axis) in sunflower lines 

Genotype TSW (g) IPCA[1] PC (%) IPCA[1] 

G1 74.37 -1.14 21.94 0.80 

G2 79.10 -0.65 20.47 0.64 

G3 78.33 2.42 17.99 0.36 

G4 72.10 0.66 20.64 0.42 

G5 65.50 0.76 20.32 0.60 

G6 59.34 0.45 20.40 0.50 

G7 60.97 0.81 19.66 0.30 

G8 56.71 -0.58 20.51 0.52 

G9 53.52 -3.20 20.50 0.57 

G10 63.10 -1.08 20.01 0.35 

G11 50.69 0.75 17.98 -2.32 

G12 28.03 -0.53 17.27 -1.19 

G13 32.30 0.02 15.32 0.14 

G14 51.33 0.50 15.85 -0.08 

G15 49.70 -0.65 15.81 0.23 

G16 35.57 0.28 18.03 -0.36 

G17 39.23 0.37 16.49 -0.92 

G18 52.42 0.81 16.51 -0.59 

E1 53.94 3.94 19.71 -2.67 

E2 57.79 -2.32 18.54 1.74 

E3 55.32 -1.62 17.71 0.92 

 

 

They had also higher average values in relation to the general average (55.7 g). G3 

showed high mean value for TSW, but it was unstable. The lines with the high levels of 

IPCA scores (Table 4) were G3, G9 and G12 which is in accordance with their positions 

on the graph. Genotypes G13 and G12 had very high stability for this trait, but the 

lowest mean values for TSW. Positive interaction for TSW was stated for G3, which 

had the highest value for this trait, but was very unstable. Genotypes G10, G8, G15 on 

the negative side of IPCA were in interaction with E2 and E3. E1 had the highest IPCA 

score and was highly unstable environment from the aspect of TSW. It had the highest 

positive interaction effect for TSW, and mean value on the average level. Environments 

E2 and E3 had similar mean values and stability. Values of all environments varied 

around the average TSW axis. Also, lines with similar IPCA results can be separated 

into specific groups such as lines G6, G7 and G5, also lines G14, G11 and G18 create 

another distinct association. 

 

Protein content (PC) 

The protein content ranges from 13-20% in sunflower. Majority of existing proteins 

in fully developed seeds have structural or metabolic roles. Besides these roles, proteins 

in seeds also serve to provide a store of amino acids needed for germination and early 

seedling growth (Shewry et al., 1995). Results of ANOVA indicated that the main 
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effects and interaction were highly significant for PC. The influence of genotype on PC 

amounted to 55.82%, of the year to 9.26% and of interaction to 34.92% (Table 2). The 

values of the protein content were between 15.3% (G13) and 21.9% (G1). The general 

average value of the trial was 18.7%. The environment with the highest protein content 

was E1 (19.7%), while E3 (17.7%) has the lowest average value for this trait (Table 4). 

From the aspect of protein content, the lines with the most stable reaction in the 

examined environmental conditions were G7 and G10. They had a PC over general 

average (18.7%) and were stable for this trait. High stability showed also G14, G15 and 

G13, but they had lowest mean values for PC. Genotype with the highest protein 

content was G1, but it was unstable. The environment with the lowest IPCA score for 

PC was E3. IPCA value of E2 was similar to E3 while the E1 had diametrically opposite 

reaction. It was the most unstable environment because it was furthest from the line of 

stability (0). G3 was in the positive interaction with E3. The most unstable environment 

was E1 because it was furthest from the line of stability (0). E2 had an average value on 

the general average. Specific groups of lines with similar IPCA scores such as G13, 

G15 and G14, also G2, G6, G8 and G9 can be marked out for they similar reaction to 

environmental conditions (Fig. 4). 
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Figure 4. AMMI 1 biplot of 18 sunflower lines over three growing environments for protein 

content 

 

 

An ideal genotype is defined as one that is the highest yielding across all test 

environments and is absolutely stable in performance, namely one that ranks the highest 

in all test environments (Yan et al., 2003; Pourdad and Moghaddam, 2013). Although 

such an ideal cultivar may not exist in reality, it can be used as a reference for cultivar 

evaluation. A genotype is more desirable if it is located closer to the ideal cultivar. 

Thus, using the ideal cultivar as the center, concentric circles were drawn to help 

visualize the distance between each genotype and the ideal cultivar (Yan, 2002; Pourdad 

and Moghaddam, 2013). 
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Conclusion 

On the basis of the analyses of seed yield, germination rate, thousand seeds weight: 

The AMMI ANOVA indicated that main effects (G, E) were highly significant for 

SY, GR, TSW and PC. G × E interaction also was highly significant for all investigated 

traits, suggesting a differential response of genotypes (lines) across testing 

environments (years). 

Highest mean values for yield and stability had genotypes G12, G14 and G17. The 

genotypes G3, G11 and G15, with mean values higher than the general average showed 

high stability for GR. Environment E3 was most stable for GR in the three-year 

investigation. Genotypes G2, G4, G5, G6 and G7 were stable for TSW because their 

values were nearest to the line of stability. Environments E2 and E3 had similar mean 

values and stability for TSW. From the aspect of protein content, the lines with the most 

stable reaction in the examined environmental conditions were G7 and G10. For PC the 

environment E3 was most stable. The method successfully integrate the attributes 

measured in the multi-environment trial. The analysis helps the breeder make decisions 

in favor of moderate to high seed yield, 1000 seed weight and protein content with good 

seed germination to moderate sunflower hybrids in general or in selected environments. 

The combination of analysis of variance and principal component analysis in the AMMI 

model, along with the prediction assessment, is a valuable approach for understanding 

genotype × environment interaction. 

 Based on the obtained results we can conclude that sunflower lines G2, G12 and 

G14 developed at Institute of Field and Vegetable Crops Novi Sad are suitable for high 

yield production and all other observed parameters. Crossing this lines Institute created 

new hybrids NS FELIKS and NS KRUNA (both hybrids were registered in the EU and 

Serbia). The seeds of these hybrids Institute of Field and Vegetable Crops sales in the 

domestic and foreign markets. A further objective of this research will be observation of 

new created lines and their behavior in different years of production. 
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