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Abstract       Evaluation of genotypes for their stability of yield under different 
environments is important in plant breeding programs. The presence of a high 
genotype x environment (GE) interaction represents a significant problem of 
related to phenotypic expression of genetic base and makes it’s difficult for 
decision making in selection. High yield stability usually refers to a genotype 
ability to perform consistently, whether at high or low yield levels across a 
wide range of environments. An ideal maize hybrid should have a high mean 
yield combined with a low degree of fluctuation under different environments.  
The hybrids: PR39D81, PR38R92, PR37D25, PR39F58, PR38A24, have a 
high static stability associated with low yield values, significantly lower than 
experience mean. As such, those hybrids are considered to be specifically 
adapted to less favorable environments for this crop. The hybrids: PR36V74, 
PR36K67, DKC 5276, PR36V52, DKC4490, achieved high values of grain 
yield associated with a low stability and are specifically adapted to favorable 
environmental conditions. The hybrids PR38R92, PR37D25, have high values 
of both static and type III stability achieving close values of yield from one 
year to another with small deviations from regression line.   
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The ability to develop high yielding stable 

cultivars is a primary focus in most breeding programs 

and is ultimately of more importance than the 

identification of unstable cultivars. An understanding 

of the environmental and agronomic responses of 

maize hybrids is fundamental to improving efficiency 

of maize production. 

High yield stability usually refers to a 

genotype ability to perform consistently, whether at 

high or low yield levels across a wide range of 

environments [3]. An ideal maize hybrid should have a 

high mean yield combined with a low degree of 

fluctuation under different environments [1]. There are 

two contrasting concepts of stability: static (type I) and 

dynamic (type 2), [2; 8].  

There are a number of statistical methods for 

consideration of genotype × environment interaction 

and its relationship with stability. From all of these 

methods, regression of mean of each genotype on 

environmental index is one of the most applicable 

methods. A regression coefficient greater than unity 

may indicate either a better than average response to 

high yielding environments or a worse than average 

response to low yielding environments. A bi 

significantly less than unity may indicate either a better 

than average performance in low-yield environments or 

a lower than average response to high-yield 

environments. The S2 di measures the predictability of 

cultivar reaction to environments. Becker (1981) 

considered it as the most appropriate criterion of 

stability in the agronomic, while the bi should 

appropriately be considered as a measure of cultivar 

response to varying levels of management [9]. The 

objective of this paper was to evaluate the grain yield 

stability of 32 maize hybrids under different climatic 

conditions. 

 
Material and Method 

 

The biological material was represented by 32 

commercial maize hybrids studied during 2009-2011, 

at Agrozooservice Curtici. The experiment was 

organized in a randomized block design with three 

replications. A plot was made up of six rows, 10 m 

long and a spacing of 0.7 m between rows and 0.25 m 

within row. NP fertilizer was applied at the total rate of 

170 kg N, 80 kg P. From each repetition-plot four rows 

were harvested, weighed, and an average grain yield 

was calculated. Grain yield was adjusted at 15 % 

moisture, for each hybrid. 

The stability parameters of grain yield were 

estimated after Finlay-Wilkinson (1963), with the 

model presented with the following equation:             

ijijjiiij etbgF  

μij - an average yield of the ith genotype in the jth 

environment ; gi - an average yield of the ith genotype 

in all environments; bi - regression coefficient to the 

environmental index indicating a genotypic 
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response to environmental changes; tj - environmental 

index as a mean of all genotypes in the jth environment 

reduced by a grand mean; δ ij - deviation from 

regression of the i th genotype in the j th environment.  

 
Results and Discussions 

Considering the components of linear 

regression variance (Table 1) and taking the low and 

insignificant F value for heterogeneity test of 

regression, it is noted that the regression model is 

suitable for studying the grain yield stability and 

estimates properly the hybrids performance during the 

three years. It is also notes that there are significant 

differences both between the years experimental and 

among hybrids, in terms of grain yield. 

 

Table 1 

Components of linear regression variance (Hardwick – Wood) for grain yield  

in maize hybrids studied during 2009-2011 

Source of variation SS DF MS F Test 

Total 144822462 95 1338227  

Hybrids 41485059 31 41853092 6.01** 

Years 83706184 2 316633 188.00** 

Interactions 19631227 62 410643 1.42 

Heterogeneity 12729931 31 222622 1.84 

        Residuals 6901296 31   
 

Based on data presented in Table 2. it is noted 

that the highest type I stability (regression coefficient 

close to 0) were registered by hybrids: PR39D81, 

PR38R92, PR37D25, PR39F58, PR38A24, that in 

accordance with the static concept, achieved constant 

values of grain yield regardless of environmental 

conditions that were tested [2,1].  Shown in Figure 1 it 

is noted that those hybrids have a high static stability 

associated with low yield values, significantly lower 

than experience mean. As such, those hybrids are 

considered to be specifically adapted to less favorable 

environments for this crop. 

 

Table 2 

Grain yield stability through (Finlay-Wilkinson) linear regression for studied maize hybrids during 2009-2011 

No. Hybrid Mean Regression  Type I Type II Regression  Regression Type III 

  yield 

(kg/ha) 

coefficient  Stability 

(ranks) 

 Stability 

(ranks) 

intercept deviation  Stability 

(ranks) 

0 1 2 3 4 5 6 7 8 

1 DK315 8822 1,186 21 11 -2611 129,48 11 

2 DKC4082 10024 0,886 12 7.5 1485 1042,93 31 

3 DKC3511 9859 1,222 23 15 -1915 2,77 2 

4 DK440 9737 1,034 17 3 -229 241,48 18 

5 DKC4685 10075 0,886 13 7.5 1532 102,90 9 

6 DKC4626 9409 1,072 19 5 -918 432,13 25 

7 DKC4490 10290 1,577 32 30 -4907 36,59 4 

8 DKC4889 10151 1,212 22 14 -1526 191,91 16 

9 DKC4795 9966 0,715 6 18 3075 1300,87 32 

10 DKC4964 9993 0,790 9 13 2381 91,77 6 

11 DKC5143 9916 1,065 18 4 -345 95,58 7 

12 DKC4995 9765 1,425 27 23 -3972 15,33 3 

13 DKC5170 10213 1,296 24 19 -2274 96,80 8 

14 DKC5276 10523 1,335 25 20 -2345 82,88 5 

15 DKC5190 9771 1,352 26 21 -3257 287,25 19 

16 DKC5783 9664 0,800 10 12 1953 989,37 30 

17 PR39D81 7707 -0,135 1 32 9012 323,23 21 

18 PR39F58 8639 0,483 4 27 3986 343,10 22 

19 PR38R92 8499 0,282 2 31 5781 113,77 10 

20 PR38A79 9278 0,858 11 9 1010 377,90 24 

21 PR38A24 8810 0,592 5 22 3101 618,66 27 

22 PR37D25 8745 0,441 3 29 4494 172,75 14 

23 PR37N01 9836 1,185 20 10 -1581 147,56 13 

24 PR37Y12 9384 0,888 14 6 823 144,31 12 
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0 1 2 3 4 5 6 7 8 

25 PR37N54 9075 0,767 7 16.5 1688 573,46 26 

26 PR37F73 9636 1,031 16 2 -299 217,79 17 

27 PR37M34 9489 1,026 15 1 -400 698,00 29 

28 PR36V52 10221 1,443 28 24 -3689 300,62 20 

29 PR36D79 10458 1,473 29 25 -3738 178,56 15 

30 PR36R10 9477 0,767 8 16.5 2084 650,35 28 

31 PR36V74 10560 1,538 31 28 -4267 0,50 1 

32 PR36K67 10413 1,510 30 26 -4138 363,82 23 

 
Type II stability under dynamic concept 

involves changing the performance of a genotype in a 

direction expected from year to year depending on 

climatic conditions [6,7]. Under this concept the higher 

type II stability (regression coefficient values close to 

1) were registered by hybrids: PR37M34, PR37F73, 

DK 440, DKC 5143, DKC4626, for wich the yield in 

the climatic conditions of the three experimental years 

were parallel with the average of other hybrids. 
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1-DK315; 2-DKC4082; 3-DKC3511; 4-DK440; 5-DKC4685; 6-DKC4626; 7-DKC4490; 8-DKC4889;  

9-DKC4795; 10-DKC4964; 11-DKC5143; 12-DKC4995; 13-DKC5170; 14-DKC5276; 15-DKC5190; 16-DKC5783;  
17-PR39D81; 18-PR39F58; 19-PR38R92; 20-PR38A79; 21-PR38A24; 22-PR37D25; 23-PR37N01; 24-PR37Y12;  

25-PR37N54,; 26-PR37F73; 27-PR37M34; 28-PR36V52; 29-PR36D79; 30-PR36R10; 31-PR36V74; 32-PR36K67 

Fig. 1. Graph for mean values and regression coefficients of grain yield 

 in maize hybrids during 2009-2011 
 

The highest type III stability, minimum 

amount of deviation from the regression line 

respectively, was observed in hybrids: PR36V74, 

DKC3511, DKC 4995, DKC 4490, DKC 5276. 

Although the mean yield values of those hybrids are 

over than that of the other hybrids, the performance of 

the hybrids under favorable environments can be 

predicted. Also, the most unpredictable hybrids: DKC 

4795, DKC 4082, DKC 5783, PR37M34, and 

PR36R10, showing a reduced type III stability, the 

values of grain yield during the three experimental 

years have large deviations from regression line. 

The regression model defines a stable variety 

as having above average mean grain yield, a regression 

coefficient of unity (bi =1.0), and non-significant mean 

square for deviations from regression (S2
di = 0). The 

hybrids: PR36V74, PR36K67, DKC 5276, PR36V52, 

DKC4490, achieved high values of grain yield 

associated with a low stability and are specifically 

adapted to favorable environmental conditions. The 

hybrids DKC 5143, DK440, PR37F73, exhibit an 

average stability and are well adapted to all 

environments. Furthermore, DK 315, DKC 4626, 

PR38A79, PR37Y12, exhibit an average stability and 

are poorly adapted to all environments. 
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1-DK315; 2-DKC4082; 3-DKC3511; 4-DK440; 5-DKC4685; 6-DKC4626; 7-DKC4490; 8-DKC4889;  

9-DKC4795; 10-DKC4964; 11-DKC5143; 12-DKC4995; 13-DKC5170; 14-DKC5276; 15-DKC5190; 16-DKC5783;  

17-PR39D81; 18-PR39F58; 19-PR38R92; 20-PR38A79; 21-PR38A24; 22-PR37D25; 23-PR37N01; 24-PR37Y12;  

25-PR37N54,; 26-PR37F73; 27-PR37M34; 28-PR36V52; 29-PR36D79; 30-PR36R10; 31-PR36V74; 32-PR36K67 

Fig. 2. Graph for regression deviation and regression coefficients of grain yield  

in maize hybrids during 2009-2011 

 
Given the data presented in Fig. 2 it is noted 

that the hybrids PR38R92, PR37D25, have high values 

of both static and type III stability achieving close 

values of yield from one year to another with small 

deviations from regression line. The hybrids DKC 

4795, DKC 4082, DKC 5783, have reduced stability 

during the testing period and also large deviations from 

regression are specifically adapted to low yielding 

environments. 

 

Conclusions 
 

1. The hybrids: PR39D81, PR38R92, PR37D25, 

PR39F58, PR38A24, have a high static stability 

associated with low yield values, significantly lower 

than experience mean. As such, those hybrids are 

considered to be specifically adapted to less favorable 

environments for this crop. 

2. The hybrids DKC 5143, DK440, PR37F73, exhibit 

an average stability and are well adapted to all 

environments. Furthermore, DK 315, DKC 4626, 

PR38A79, PR37Y12, exhibit an average stability and 

are poorly adapted to all environments. 

3. The hybrids: PR36V74, PR36K67, DKC 5276, 

PR36V52, DKC4490, achieved high values of grain 

yield associated with a low stability and are 

specifically adapted to favorable environmental 

conditions. 

4. The hybrids PR38R92, PR37D25, have high values of 

both static and type III stability achieving close values 

of yield from one year to another with small deviations 

from regression line. 
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