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High and stabile yield in different production environments is priority in maize breeding. 

New statistical methods are constantly being sought to accompany analysis of variance, in 

order to achieve more reliable hybrid assessment. In this study nonparametric stability 

analysis is applied in order to assess GxE interaction for yield of 36 commercial maize 

hybrids. The experiment was set up at five locations in Serbia for three years according to 

the Randomised complete block design in three replications. Yield stability of 

investigated genotypes was analysed by stability parameters Si (1), Si (2), Si (3), Si (6) TOP 

and RS. Analysis of variance identified highly significant F values for all experimental 

factors. Bredenkamp method confirmed the existence of non-crossover GxE interaction, 

for maize yield. Hybrid ZPH15 achieved the most stable yield based on parameters Si (1) 

and Si (2). According to parameter Si (3) it was ZPH5, while based on parameter Si (6) it was 

ZPH34. The highest overall yield achieved ZPH36 (11.18 t ha-1), which was quite 

unstable (rank 24 in parameters Si (1) and Si (2)), and very unstable (rank 34 in parameters 

Si (3) and Si (6)). The most stable hybrids had average yields. In total, the hybrid ZPH23 

had the best average rank (15.93). Based on TOP parameter, ZPH36 had the best rank 

(yield), followed by ZPH11, ZPH20, ZPH21 and ZPH9. However, RS parameter revealed 

that ZPH21 was the most stable hybrid, so taking into account both TOP and RS 

parameters this is the most productive and the most stable hybrid. Based on this research, 

TOP and RS are the best parameters for selecting new maize hybrids for production in 

particular environment. In case of identical TOP value, the genotype with the lowest RS 
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value should be selected. The parameters Si (1), Si (2), Si (3) and Si (6) can be used as 

alternative methods for the selection of genotypes with moderate yield and high stability. 

Key words: G x E interaction, maize, nonparametric methods stability, yield  

 

INTRODUCTION 

Maize (Zea mays) is the most represented crop in Serbia (STAT. YEARB. SERB., 2020) and 

also a significant source of income for a large number of people. This culture is grown on most 

of the areas without irrigation. Due to climate change and global warming, sudden temperature 

changes occur more and more often as well as alternating extremely dry and rainy periods 

(ČAMDŽIJA et al., 2012; BRANKOVIĆ-RADOJČIĆ, 2019). 

Scientists are trying to create genotypes that will express phenotypic stability in as many 

test environments as possible. This is a challenging task, since the environment in which certain 

genotype is grown has a great influence on the manifestation of genotype traits. The genotype x 

environment interaction directly affects the yield of genotypes in diverse environments 

(MALOSETTI et al., 2013; MENG et al., 2016; BRANKOVIĆ-RADOJČIĆ et al., 2019). This is the main 

problem when comparing maize hybrid performance in different locations (KANG, 1990; 

BISHNOI, 2015), and their selection for further testing (MITROVIĆ et al., 2018; MANJUBALA et al., 

2018). Furthermore, GxE interaction is one of the main reasons for the large number of 

genotypes on the seed market, which are recommended for cultivation in certain regions. 

The challenge of creating stable and high-yielding genotypes for certain regions 

constantly forces researchers to search for a better and more precise statistical methods that will 

be used in processing field experimental data. 

Two main approaches are used for analysis of GxE interactions (ROMAGOSA and FOX, 

1993; HUEHN, 1996). 

The first is the classic parametric approach, based on absolute data, and it implies several 

assumptions (normality of distribution, homogeneity of variances, additively of effect). If any of 

these assumptions are not met, the validity of these methods may be impaired (DELIC et al., 

2004). Analysis of variance (ANOVA) is the most commonly used method of calculating GEI in 

multiple environments. The main limitation of this analysis is the assumption of homogeneity of 

variances between environments required to determine genotypic differences (ZOBEL et al., 

1998). The usual analysis of variance is an additive model, it identifies the interaction as a source 

but does not analyse it, does not provide insight into the individual genotypes and locations 

participating in the interaction (SAMONTE et al., 2005). It may happen that due to the large 

number of degrees of freedom, the interaction appears as an insignificant source of variation, 

regardless of the fact that it includes a large part of the variability of the total sum of squares 

(CROSSA, 1990). 

The second approach is nonparametric and it defines the environment and phenotypes in 

relation to biotic and abiotic factors. Analysis of nonparametric stability parameters reduce/avoid 

bias, caused by values that are significantly lower or higher than most other values in the data 

set, and it does not require a certain distribution of phenotypic values (FOX et al., 1990; HUEHN, 

1990; KANG, 1990). These stability parameters are based on ranks, they are easy to compare and 

interpret. The addition or omission of one or more genotypes does not cause large differences in 

estimates and the values obtained in this way are applicable in the selection process, in breeding 
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and testing of varieties and hybrids (NASSAR and HUEHN, 1987; MUT et al., 2009; FARSHADFAR et 

al., 2014; ZORIĆ et al., 2015; MOHAMMADI, 2016; KHALILI and POUR-ABOUGHADAREH, 2016; 

VERMA et al., 2017). With such data, it is only important to know whether interaction is present 

or not, because it leads to a change in the order of genotypes in different environments (HUEHN, 

1996). According to this author, two environments with different yields and similar ranks of 

tested genotypes are considered more similar than environments with similar values and different 

ranks. These G×E interaction test methods provide a useful alternative to parametric methods 

such as ANOVA (TAMESGEN et al., 2015; ABDIPOUR et al., 2017). 

In a review paper, HUEHN and LÉON (1995) listed four nonparametric methods for testing 

genotype x environment interactions according to their authors: BREDENKAMP (1974); 

HILDEBRAND (1980); KUBINGER (1986), and VAN DER LAAN and DE KROON (1981). These 

methods are based on the ranking of yield data. Using the first three methods, data are ranked 

from all locations within one year, and are also defined as quantitative interactions. They are 

based on the usual linear model of interaction. The methods according to Hildebrand and 

Kubinger are based on the effects of interaction, on the basis of which the ranking is performed. 

They are very similar, and reveal both quantitative and qualitative interaction. The Bredenkamp 

method is the least reliable in the interaction analysis because during processing the total yield 

data is transformed into ranks, and often does not show the existence of an interaction. In the 

latter method, ranking is performed for each location separately, and is based on the qualitative 

concept of interaction, i.e. genotype effects and interaction effects. The sum of these effects is 

used to rank and define the interaction according to the cross-interaction model. HUEHN (1996) 

presented the relationship between these methods based on data obtained from German official 

experiments: Hildebrand ≈ Kubinger> van der Laan and de Kroon> Bredenkamp. The methods 

of Hildebrand and Kubinger are closely related to ANOVA. If some of the necessary 

assumptions are not fulfilled, the correctness of the conclusions obtained from standard statistical 

techniques, for example ANOVA, may be questionable or lost. In such cases, however, rank-

based nonparametric assessment and testing results may be more reliable (TRUBERG and HUEHN, 

2000). 

To assess the stability based on the rank of genotypes in each external environment, 

NASSAR and HUEHN (1987) proposed 4 nonparametric parameters of stability: Si (1) - average 

difference of ranks in different environments; Si (2) - variance of ranks; Si (3) - relative deviation 

from the average rank and Si (6) which is only slightly modified compared to the previous one. 

The most stable genotype is considered to be the one with the value Si (1) = 0 and the smallest 

possible variance of the rank Si (2) in the observed environments. The same authors used the Zi 

(m) test to assess the significance of these parameters. 

FOX et al. (1990), proposed another nonparametric way of ranking genotypes in relation 

to stability. They used stratified ranking based on TOP, MID and LOW parameters. The TOP 

parameter singles out genotypes with stable yield in different environments and belongs to 

dynamic agronomic stability, while the parameters Si (1), Si (2), Si (3) and Si (6) indicate static 

stability (biological). SIMMONDS (1991) emphasizes that static stability would be more useful 

than dynamic stability to obtain a broader picture of genotype behaviour in different 

environments. Many researchers (SABAAGHNIA et al., 2006; MOHAMMADI and AMRI, 2008; MUT 
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et al., 2009; SEGHERLOO et al., 2008) referred to this fact and pointed out that TOP parameters 

are related to the average yield and the dynamic concept of stability. 

Rank-Sum (RS) is another nonparametric method (KANG, 1988), where both mean grain 

yield and stability variance are used (SHUKLA’S, 1972). 

When grouping environments with similar ranks, HUEHN and PIEPHO (1994) used 

different procedures, one of which is Spearman's rank correlation coefficient. This coefficient 

expresses the distance between two environments and can be used to classify both environments 

and genotypes. 

The parametric approach is based on absolute data, which is not practical if there are 

deviations in data sets. Field experiments are affected by various factors that researchers cannot 

predict at the beginning of the research. For this reason, it is very convenient to use 

nonparametric statistics for data processing in order to obtain realistic data as much as possible, 

without rejecting the experiment due to incomplete data sets. The objectives of this study were: 

(1) assessment of GEI at 5 sites over 3 years in 36 experimental ZP maize hybrids of different 

FAO maturity groups, (2) identification of promising high-yielding and stable maize hybrids in 

different environments and (3) study of relationships between nonparametric stability 

parameters. 

MATERIAL AND METHODS 

Genetic material 

This research involved 36 F1 maize hybrids, classified in FAO maturity groups 300-700 

(Table 1). 

 

Table 1. List of 36 ZP maize hybrids 

 
FAO 300 FAO 400 FAO 500 FAO 600 FAO 700 

ZPH1 ZPH5 ZPH13 ZPH23 ZPH33 

ZPH2 ZPH6 ZPH14 ZPH24 ZPH34 

ZPH3 ZPH7 ZPH15 ZPH25 ZPH35 

ZPH4 ZPH8 ZPH16 ZPH26 ZPH36 

 ZPHH9 ZPH17 ZPH27  

 ZPH10 ZPH18 ZPH28  

 ZPH11 ZPH19 ZPH29  

 ZPH12 ZPH20 ZPH30  

  ZPH21 ZPH31  

  ZPH22 ZPH32  

 

Field trials 

The trials were set up as a randomized complete block design (RCBD) at 5 locations in 

Serbia (Šimanovci, Kikinda, Sombor, Loznica and Svilajnac) in 2011, 2012 and 2013. 

Trial was set in three replications and individual randomization for each location in order 

to avoid the effect of genotype x genotype interaction. Two border rows were sown at each side 

of the whole plot area. The basic plot size was 13.09 m2 with the plant density of 62.643 plants 

per hectare. Each hybrid was sown in four rows with 41 plants, and only the middle rows were 
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used for analysis, while the border rows were the protection for each plot separately. The 

planting was done mechanically, with the distance of 0.76 m between rows and 0.21 m within 

the rows. The harvest was also done mechanically. 

During the experiment, the most important meteorological indicators were monitored: 

maximum, minimum and average air temperatures, precipitation and relative humidity. 

Mean monthly temperatures (°C) and precipitation (mm), by years, are shown in Figure 1. 

 

 
 

Figure 1. Mean monthly temperatures (°C) and precipitation (mm) in 2011, 2012 and 2013 

 

 

Statistical analyses 

 Statistical data processing was performed by analysis of variance (ANOVA) of three-

factorial experiment (year / locality / genotype), and significance tested by F test. 

Nonparametric methods were used in the analysis of the genotype x environment 

interaction, and the analysis itself was done in three phases.  

First phase was testing the existence of genotype x environment interactions, using four 

nonparametric methods according to HUEHN AND LÉON (1995) and HUEHN (1996): Bradenkamp, 

Hilderbrand, Kubinger and Van der Laan and de Kroon method. 

Second phase included determination of the stability of genotypes and their ranking. Four 

nonparametric stability parameters according to NASSAR and HUEHN (1987) were calculated: Si(1) 

- average differences of ranks in different environments, Si(2) - rank variances, Si(3) - relative 

deviation from the average rank and Si(6) - relative deviation from the average rank. Two 
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additional parameters were observed:  TOP - stratified ranking (FOX et al. 1990) and RS - sum of 

rank stability (SHUKLA, 1972; KANG, 1988). 

Third phase encountered the correlation of the results between the examined properties 

and the stability parameters, as well as the stability parameters themselves. Spearman's 

correlation coefficient of the rank was determined according to ZAR (1999). The significance of 

the rank correlation coefficient value was tested using a t-test.  

 

RESULTS AND DISCUSSION 

Yield is one of the most important parameters for the selection of maize hybrids in almost 

all breeding programs. Analysis of variance (ANOVA) revealed significant F values (P<0.01) in 

this experiment, within environments (year-locality), replicates, genotypes and genotype x 

environment interactions (Table 2). Such a high variation in data for maize yield was expected, 

considering three very different production years, both in terms of quantity and distribution of 

precipitation during the vegetation period. There was a particularly significant difference in the 

amount of precipitation, relative humidity and average daily temperature in some critical phases 

of maize development, primarily in the phase of pollination, fertilization and grain filling in the 

period July-August (Figure 1). 

The maize hybrids had different yield ranks in different locations over three years, which 

reflects a significant genotype x environment interaction. These results show that environmental 

diversity and genetic variability of genotypes are obvious. The average yield ranged from 8.01 t 

ha-1 in Svilajnac to 13.31t ha-1 in Loznica. The highest yield of 16.11 t ha-1 had ZPH36 in 

Loznica, while the lowest measured value was 6.02 t ha-1 at ZPH14 in Svilajnac (results not 

presented). 

 

Table 2. Analysis of variance for maize yield 

Source of variation df SS MS F 

Environments (E) 14 12793.000    913.785    233.708** 

Replications   30 117.298      3.910      2.353** 

Genotype (G) 35 461.925     13.198      7.943** 

(GxE) 490 1718.934      3.508      2.111** 

Error  1050 1744.738      1.662  

Total 1619 16835.800     10.399  

CV= 12.96 

CV –coefficient of variability; **p< 0.01 

 
.  

The results of the genotype x environment interaction for yield of 36 maize hybrids, 

obtained by four nonparametric methods, are shown in Table 3. The existence of non-crossover 

GEI was determined by the Bredenkamp method, which justifies the evaluation of stability 

parameters of tested maize hybrids. Other methods by Hildebrand, Kubinger and Van der Laan 

and De Kroon did not confirm the existence of an interaction. ZIVANOVIC et al., (2012), 

comparing the yield stability in F2 maize populations, in different recombination cycles, 

obtained results that accord with the results found in this paper. 



D. BRANKOVIC RADOJCIC  et al.:  NONPARAMETRIC STUDY OF MAIZE YIELD STABILITY                    877 

Table 3. The test of genotype × environment interaction for 36 ZP maize hybrids across 15 environments  

Method Breedenkamp Hildebrand Kubinger v.d. Laan-de Kroon 

 χ2 152.66** 801.23ns 793.18ns 900.65ns 

**p< 0.01; ns – non significant 

χ2 chi-square test statistic 

 
Obtained results are not consistent with the results of HUEHN and LÉON (1995), who found 

that the Bredenkamp method is the least reliable and often does not show the existence of an 

interaction. HUEHN (1996) presented the relationship between these methods based on data 

obtained from German official experiments: Hildebrand ≈ Kubinger> Van der Laan and De 

Kroon> Bredenkamp. Similar results as HUEHN (1996) were obtained by MOHAMMADI et al. 

(2007), BALALIĆ and ZORIĆ (2012) and ZORIĆ et al. (2015). The results of the study by HAMEED 

et al. (2020) and ABDIPOUR et al. (2017), showed the existence of significant interaction in the 

method according to Bredenkamp and Van der Laan and De Kroon, which indicates that there 

was both crossover and non-crossover interaction in their experiments. 

The stability parameters Si(1) and Si(2) are based on the rank of genotypes in different 

environments and give equal value to each environment (BECKER and LEON 1988). However, 

these two parameters usually rank genotypes similarly. The most stable yield (Tables 4 and 5) 

based on parameters Si (1) and Si (2) achieved ZPH15, while hybrids ZPH32 and ZPH33 were the 

most unstable, (the highest values for parameters Si (1) and Si (2)). 

Two other nonparametric statistics (Si (3) and Si (6)) pool genotypes yield and stability, 

which is in the basis of their yield grades in every environment (NASSAR and HUEHN, 1987). 

Hybrids that had the lowest values for these two parameters showed the greatest stability. The 

most stable hybrid according to the parameter Si (3) was ZPH5, while based on the parameter Si 

(6) it was ZPH34 (Tables 4 and 5). The most unstable hybrid was ZPH32 according to both 

parameters. In this experiment ZPH36 had the highest average yield of 11,18 t ha-1, and thus 

achieved the highest rank. It was quite unstable according to the parameters Si (1) and Si (2), and 

very unstable according to the parameters Si (3) and Si (6), while the most stable hybrids had a 

yield around the average. In total, ZPH7 had the lowest average rank, while ZPH23 had the best 

overall rank. Evaluation of the most stable hybrid overall and within the FAO group revealed 

two pairs of stability parameters that were in agreement in most cases Si (1) with Si (2), and Si (3) 

with Si (6). Complementary results were obtained by other authors, who assessed the parameters 

of yield stability and other agronomic traits for different plant species (RAHADI et al., 2013; 

ABDIPOUR et al., 2017; REA et al., 2017; MAJUBALA et al., 2018; SUBAŞI and BAŞALMA, 2021; 

ABERKANE et al., 2021). 

NASSAR and HUEHN (1987) used the Zi(m) test to assess the significance of the Si (1) and Si 

(2) parameters. Zi (1) is applied for the average difference of ranks in different environments Si (1), 

while the significance test Zi (2) explains the variance of ranks Si (2). Both tests were not 

significant. 

In this paper, Zi(m) values were calculated for each genotype (Table 4). Both sum Zi (1) 

(38,669) and Zi (2) (41,284) were less than the critical value (50.99), so no significant differences 

were observed in rank variation between the 36 hybrids in 15 environments.  
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Table 4. Mean yields (t ha-1), rank, stability parameter estimates for yield, and tests of nonparametric 

stability measures for 36 ZP maize hybrids across 15 environments 

Hybrid FAO Yield Rank Si(1) Zi(1) Si(2) Zi(2) Si(3) Si(6) TOP RS 

ZPH1 300 9.03 18.87 14.02 1.670 143.6 1.738 51.4 5.056 20 65 

ZPH2 300 9.69 19.33 10.42 1.003 77.8 1.241 40.5 4.794 20 28 

ZPH3 300 10.29 19.53 13.28 0.671 126.0 0.447 99.7 8.908 53 25 

ZPH4 300 10.17 18.93 11.33 0.175 92.1 0.344 81.1 7.507 53 23 

ZPH5 400 9.06 19.87 10.27 1.206 77.7 1.250 27.4 3.302 7 50 

ZPH6 400 9.54 18.13 11.26 0.218 90.0 0.440 48.6 5.240 13 37 

ZPH7 400 9.12 21.20 14.40 2.356 152.2 2.681 41.1 4.247 13 65 

ZPH8 400 9.21 19.20 10.69 0.691 83.3 0.829 28.4 3.592 0 35 

ZPH9 400 10.36 19.80 13.52 0.954 130.9 0.722 119.7 9.574 60 27 

ZPH10 400 9.92 19.80 11.52 0.089 102.5 0.041 68.0 6.581 33 43 

ZPH11 400 10.68 18.40 12.74 0.230 115.0 0.068 118.8 10.056 67 37 

ZPH12 400 9.81 17.80 13.03 0.437 127.5 0.523 67.2 5.829 27 37 

ZPH13 500 10.04 17.20 11.28 0.207 93.5 0.286 57.0 5.252 20 24 

ZPH14 500 9.10 18.20 12.86 0.305 117.9 0.136 59.0 5.173 13 58 

ZPH15 500 9.60 18.20 8.80 4.132 60.7 3.046 42.5 4.339 13 38 

ZPH16 500 9.99 19.53 11.96 0.000 105.4 0.009 81.6 7.453 40 29 

ZPH17 500 9.15 20.33 12.55 0.128 113.4 0.041 37.8 4.000 7 38 

ZPH18 500 10.00 17.40 9.81 1.931 71.7 1.797 45.5 5.589 33 19 

ZPH19 500 10.23 17.80 13.41 0.817 128.5 0.578 93.0 7.835 40 40 

ZPH20 500 10.42 20.00 13.75 1.259 137.4 1.192 132.8 10.635 67 33 

ZPH21 500 10.67 18.87 10.95 0.438 86.6 0.625 84.7 8.743 60 9 

ZPH22 500 10.25 19.73 12.74 0.230 118.5 0.153 86.5 7.973 53 32 

ZPH23 600 9.89 15.93 12.59 0.146 124.9 0.396 75.4 6.169 20 52 

ZPH24 600 10.19 17.67 11.75 0.023 100.5 0.075 75.2 6.677 40 34 

ZPH25 600 9.69 18.87 9.35 2.825 64.6 2.574 47.6 4.581 13 28 

ZPH26 600 10.25 17.87 14.32 2.209 154.6 2.977 100.6 8.826 47 41 

ZPH27 600 10.57 17.33 13.01 0.421 123.0 0.309 95.8 8.161 40 30 

ZPH28 600 9.41 17.13 11.49 0.104 98.0 0.135 54.3 4.798 13 41 

ZPH29 600 10.22 19.20 12.93 0.361 125.9 0.442 111.4 8.457 40 31 

ZPH30 600 9.87 17.93 13.62 1.076 137.1 1.163 78.0 6.369 27 43 

ZPH31 600 9.72 16.47 13.94 1.547 141.3 1.522 82.3 6.713 20 51 

ZPH32 600 10.78 17.07 15.07 3.840 165.4 4.515 138.4 10.803 53 38 

ZPH33 700 10.08 18.27 15.09 3.887 169.1 5.118 127.1 9.501 47 51 

ZPH34 700 9.34 19.40 10.11 1.429 78.7 1.170 35.1 3.253 7 43 

ZPH35 700 10.47 17.27 13.64 1.101 147.9 2.191 84.8 8.327 40 23 

ZPH36 700 11.18 17.47 13.16 0.557 127.3 0.513 128.0 10.553 73 34 

TOTAL     38.669  41.284     

Si(1) - average differences of ranks in different environments, Si(2) - rank variances, Si(3) - relative deviation from the 

average rank and Si(6) - relative deviation from the average rank, Zi(1) and Zi(2) are chi-square χ2 test statistic for Si(1) and 
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Si(2)  (NASSAR and HUEHN 1987); TOP - stratified ranking (FOX et al. 1990); RS - sum of rank stability (SHUKLA, 

1972 and KANG, 1988). 

(1)( )iE S = 11.99; 
( 2 )( )iE S  = 107.92; 

(1)( )ivar S  = 11.52; 
(2)( )ivar S  = 3023.65;

2

1 2,χ Z Z = 

10.22; 
2χ  = 50.99; grand mean 9,945t ha-1. 

 

 

The analysis of individual Z values showed that none of the hybrids were significantly 

unstable in relation to the others, since they had small values of Zi in relation to the critical value 

10.22. ABDIPOUR et al. (2017) and MITROVIC et al. (2018), also obtained such small Z values in 

their research. In the study by HAMEED et al. (2020), there was no significant variation between 

genotypes and environments, but some genotypes showed significant instability, as their values 

were above the critical value.Based on the TOP parameter of superiority for general adaptability, 

ZPH36 had the best rank, followed by ZPH11, ZPH20, ZPH21 and ZPH9 (Table 5). 

Based on RS parameters, ZPH21 proved to be the most stable hybrid, followed by 

ZPH18, ZPH4, ZPH35 and ZPH13 (Table 5). 

 

Spearman’s rank correlation coefficients  

When grouping environments with similar ranks, HUEHN and PIEPHO (1994) proposed 

different procedures. One of them is Spearman's rank correlation coefficient, which expresses the 

distance between two environments, and when both environments and genotypes can be 

grouped. Significant correlation was found between the yield and Si (1) (average difference of 

ranks) as well as between the yield and Si (2) (variance of ranks). Highly significant rank 

correlation was found between yield and relative deviation from average rank (Si (3) and Si (6)) 

(Table 6). 

The stability parameters Si (1) and Si (2) showed a complete interrelationship in this study, 

and the same was observed between the parameters Si (3) and Si (6). There is a moderately strong, 

but also significant correlation (p<0.01) between the stability parameters Si (1) and Si (2) on the 

one hand and Si (3) and Si (6) on the other hand. A significant correlation (p<0.01)  between Si (1) 

and Si (2) was obtained by SABAAGHNIA et al. (2006), MOHAMMADI and AMRI, (2008), MUT et al. 

(2009), SOLOMON et al. (2007). 

Opposite to results presented here, ČVARKOVIĆ et al. (2009) and DELIĆ et al. (2009), 

obtained a highly negative correlation between the yield of maize hybrids and Si  (1) and Si (2). 

However, their correlation between Si (1) and Si (2) on one hand, and Si (3) and Si (6), on the other 

hand were in complete relation, like in this paper. The interconnection of Si (1) and Si (2) with Si (3) 

reported by above mentioned authors was weaker than in this experiment. 

Based on the obtained results of all four stability parameters, two groups of parameters 

are clearly distinguished. The first group of stability parameters consisted of Si (1) and Si (2), 

whileSi (3) and Si (6) formed the second group. This grouping of parameters has been observed by 

many other researchers who have used these parameters (NASSAR and HUEHN, 1987); SEGHERIOO 

(2008); TEMESGENA et al., (2015); MANJUBALA et al., (2018); MITROVIĆ et al., (2018); HAMEED 

et al., (2020). 
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Table 5. Ranks of 36 ZP maize hybrids after yield data from 15 environments using 6 nonparametric 

methods 

Hybrid  FAO  RANK RANK RANK RANK RANK TOP RS 

  group yield Si(1) Si(2) Si (3) Si (6) 

  ZPH1 300 36 32 31 11 10 22 35 

ZPH2 300 26 6 5 5 8 22 8 

ZPH3 300 9 25 23 28 30 6 6 

ZPH4 300 15 11 10 20 22 6 3 

ZPH5 400 35 5 4 1 2 33 30 

ZPH6 400 28 9 9 10 12 27 18 

ZPH7 400 33 34 33 6 5 27 35 

ZPH8 400 31 7 7 2 3 36 17 

ZPH9 400 8 27 27 32 32 4 7 

ZPH10 400 20 13 14 16 18 18 27 

ZPH11 400 3 18 17 31 33 2 18 

ZPH12 400 23 23 25 15 15 20 18 

ZPH13 500 17 10 11 13 13 22 5 

ZPH14 500 34 20 18 14 11 27 34 

ZPH15 500 27 1 1 7 6 27 21 

ZPH16 500 19 15 15 21 21 12 10 

ZPH17 500 32 16 16 4 4 33 21 

ZPH18 500 18 3 3 8 14 18 2 

ZPH19 500 12 26 26 26 23 12 24 

ZPH20 500 7 30 29 35 35 2 14 

ZPH21 500 4 8 8 23 28 4 1 

ZPH22 500 10 18 19 25 24 6 13 

ZPH23 600 21 17 21 18 16 22 33 

ZPH24 600 14 14 13 17 19 12 15 

ZPH25 600 25 2 2 9 7 27 8 

ZPH26 600 10 33 34 29 29 10 25 

ZPH27 600 5 22 20 27 25 12 11 

ZPH28 600 29 12 12 12 9 27 25 

ZPH29 600 13 21 22 30 27 12 12 

ZPH30 600 22 28 28 19 17 20 27 

ZPH31 600 24 31 30 22 20 22 31 

ZPH32 600 2 35 35 36 36 6 21 

ZPH33 700 16 36 36 33 31 10 31 

ZPH34 700 30 4 6 3 1 33 27 

ZPH35 700 6 29 32 24 26 12 3 

ZPH36 700 1 24 24 34 34 1 15 

Si(1) - average differences of ranks in different environments, Si(2) - rank variances, Si(3) - relative deviation from the 

average rank and Si(6) - relative deviation from the average rank, TOP - stratified ranking; RS - sum of rank stability  
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Table 6. Spearman’s coefficients of rank correlation for the mean yield and 6 nonparametric stability 

measures of 36 ZP maize hybrids 

Parameter  Yield Si (1) Si (2) Si (3) Si (6) TOP 

Si (1) 0.339 *      

Si (2) 0.343* 0.992**     

Si (3) 0.863** 0.656** 0.651**    

Si (6) 0.913** 0.585** 0.578** 0.978**   

TOP 0.912** 0.449** 0.435** 0.895** 0.948**  

RS -0.542** 0.330* 0.333* -0.200 -0.318 -0.437** 
*p<0.05, **p<0.01  

 

 

The TOP parameter showed a significant (p<0.01) positive correlation with yield. Such a 

positive correlation in their data was also observed by MUT et al. (2009); KHALILI and POUR-

ABOUGHADAREH (2016); RAHADI et al. (2013); ABDIPOUR et al. (2017); REA et al., (2017); 

SABAAGHNIA et al. (2013); KAYA and SAHIN (2015). This parameter provides researchers an 

information which hybrids are the most productive in all selected environments. 

In this study, TOP was in a very significant positive correlation with Si (1), Si (2), Si (3) and 

Si (6) stability parameters. In the most productive hybrids, the yield varied the most. REA et al. 

(2017) found no significant difference between TOP and Si parameters. ABDIPOUR et al. (2017); 

KAYA and SAHIN (2015), RAHADI et al. (2013), found a negative correlation between TOP and Si 

(1) and Si (2) parameters, and significant negative correlation between TOP and Si (3) and Si (6) 

parameters. 

The RS parameter was negatively correlated with yield and TOP parameter, indicating 

that the sum of rank stability varied, and that the most productive hybrids were not the most 

stable. Similar results were obtained by KHALILI and POUR-ABOUGHADAREH (2016). 

SABAAGHNIA et al. (2013), RAHADI et al. (2013), ABDIPOUR et al. (2017), MUT et al. (2009). 

HAMEED et al. (2020) determined the existence of a positive correlation between RS and 

average yield, which is a combination of high yield and high stability. RAHADI et al. (2013), REA 

et al. (2017), ABDIPOUR et al. (2017), reported no correlation between the RS and TOP 

parameters, while MUT et al. (2009) found positive correlation. 

RS was in a positive correlation with parameters Si (1) and Si (2), which confirms the 

existence of a large variation between genotypes, while the correlation with Si (3) and Si (6) was 

not significant. 

CONCLUSIONS 

Highly significant F values were determined by analysis of variance within 

environments (year-locality), replicates, genotypes and genotype x environment interactions. 

Bredenkamp method revealed the existence of non-cross-interaction of genotype x environments 

for maize yield. The most stable yield achieved hybrid ZPH15 based on parameters Si (1) and Si 

(2). According to parameter Si (3) it was ZPH5, while based on parameter Si (6) it was ZPH34. 

ZPH36 was the most productive hybrid in the experiment which was quite unstable based on the 

range of parameters Si (1) and Si (2), and very unstable based on the range of parameters Si (2) and 

Si (6). The most stable hybrids had a yield around the average. In total, the hybrid ZPH23 had the 

best average rank. Based on TOP parameter, ZPH36 had the best rank (yield), followed by 
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ZPH11, ZPH20, ZPH21 and ZPH9. According to RS parameter, hybrid ZPH21 proved to be the 

most stable, followed by ZPH18, ZPH4, ZPH35 and ZPH13. Assessment based on both 

parameters leads to the conclusion that ZPH21 was the most productive and at the same time the 

most stable hybrid. Final conclusion of this study was that TOP and RS are the best parameters 

for selecting new maize hybrids. TOP parameter is easy to calculate and has a significant 

positive correlation with yield. In case of identical TOP value, the genotype with the lowest RS 

value should be selected. This parameter was negatively correlated with yield and TOP 

parameter. The parameters Si (1), Si (2), Si (3) and Si (6) can be used as alternative methods for the 

selection of genotypes with moderate yield and high stability. 
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PROUČAVANJE STABILNOSTI PRINOSA KURUZA NEPARAMETRIJSKIM 

METODAMA 
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Izvod 

U ovom radu primenjena je neparametarska analiza stabilnosti kako bi se procenila GxE 

interakcija za prinos 36 hibrida kukuruza. Eksperiment je postavljen na pet lokacija u Srbiji u 

trajanju od tri godine po potpuno slučajnom blok dizajnu (RCBD) u tri ponavljanja. Stabilnost 

prinosa ispitivanih genotipova analizirana je parametrima stabilnosti Si (1), Si (2), Si (3), Si (6), TOP 

i RS. Hibrid ZPH15 je postigao najstabilniji prinos na osnovu parametara Si (1) i Si (2), prema 

parametru Si (3) ZPH5, dok je na osnovu parametra Si (6) to bio ZPH34. Najrodniji hibrid ukupno 

u ogledu bio je ZPH36 sa prosečnim prinosom od 11,180 t/ha, koji je na osnovu ranga 

parametara Si (1) i Si (2) bio dosta nestabilan (rang 24), a na osnovu ranga parametara Si (3) i Si(6) 

veoma nestabilan (rang 34). Najstabilniji hibridi imali su prinos oko proseka. Ukupno, najbolji 

prosečan rang imao je hibrid ZPH 23 (15,93). Na osnovu TOP parametra najbolji rang (prinos) 

imao je ZPH36, a zatim ZPH11, ZPH20, ZPH21 i ZPH9. Međutim, RS parametar je pokazao da 

je ZPH21 najstabilniji hibrid, tako da je uzimajući u obzir i TOP i RS parametre ovo 

najproduktivniji i najstabilniji hibrid.  Na osnovu ovog istraživanja, od svih posmatranih 

neparametarskih parametara, parametri TOP i RS pokazali su se kao najbolji za odabir novih 

hibrida kukuruza za gajenje u određenom regionu. U slučaju identične TOP vrednosti, treba 

izabrati genotip sa najnižom RS vrednošću, dok se parametri Si (1), Si (2), Si (3) i Si (6) mogu 

koristiti kao alternativne metode za selekciju genotipova sa umerenim prinosom i visokom 

stabilnošću. 
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