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Elephant grass is a plant of tropical origin with high biomass-production potential that stands out today 
as an alternative energy source. The potential of its genotypes depends on the genotype × environment 
interaction. The objective of this study was to estimate the genotype × environment interaction and 
compare stability methods in elephant grass for biomass production in a biannual cutting regime. The 
experiment was conducted in a randomized block design with two replicates and evaluations of 73 
elephant-grass genotypes in six cuts. The trait dry matter yield was utilized for the analysis of the 
genotype × environment interaction and the stability. The stability analysis methods employed were 
those of Yates and Cochran, Plaisted and Peterson, Wricke, Annicchiarico, Lin and Binns, and Huehn. 
Kang and Phan’s ranking was adopted for all the methods. Spearman’s coefficient was utilized to 
evaluate the degree of agreement between the different methods employed. Significant differences were 
observed for the genotype × environment interaction. Non-parametric Lin and Binns’ and 
Annicchiarico’s methods were more discriminating than the analysis of variance methods in the 
evaluation of stability and productivity of the tested genotypes. 
 
Key words: Pennisetum purpureum, energy alternative, biomass production, genotype by environment 
interaction. 

 
 
INTRODUCTION 
 
In the last decades, energy demand has become a global 
problem, and the search for alternative energy sources is 
ever increasing (Rossi et al., 2014). Because the 
biomass combustion recycles the CO2 taken from the 
atmosphere by photosynthesis, in the long term, it will  be 

one of the energy alternatives to overcome the 
environmental crisis and the dependence on oil faced by 
the world today (Morais et al., 2009). 

Elephant-grass species has desirable qualitative traits 
with   regard   to   its   percentage   of   fiber,   this   fiber’s 
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components (cellulose, hemicellulose, and lignin) and the 
carbon-to-nitrogen (C:N) ratio of these materials, 
because the higher this ratio is, the better the plant is for 
combustion. These features validate it as an alternative 
energy source (Morais et al., 2009). The breeding of 
elephant grass has always aimed at forage qualities, high 
protein contents, and low fiber levels, which requires a 
change in the selection of genotypes of this species for 
use as a source of bioenergy (Flores et al., 2013). 

The genotype × environment interaction (G × E) is one 
of the greatest challenges faced by breeders of any 
species. Among the alternatives to optimize it, in the 
phase of selection or recommendation of cultivars, is the 
choice of varieties with high adaptability and good 
stability (Cruz et al., 2012). Therefore, different 
methodologies should be applied for safer genotype 
recommendations (Peluzio et al., 2010). 

Several methods, based on different principles, have 
been described to evaluate the G × E interaction and to 
determine the phenotypic stability of cultivars. Among the 
most commonly used methods are those based on 
analysis of variance, the non-parametric, and the 
regression-based ones. In those based on analysis of 
variance, the stability estimates are expressed in 
quadratic components, whereas those based on non-
parametric statistics evaluate the performance of each 
genotype in relation to the maximum response of each 
environment. Lastly, in the regression-based methods, 
the dependent variable is expressed as a function of an 
environmental index that measures the quality of the 
evaluated environments (Cruz et al., 2014). 

This study aimed to estimate the genotype × 
environment interaction (biannual cuts) and compare 
stability methods based on analysis of variance and non-
parametric methods in elephant grass for biomass 
production in a biannual cutting regime. 
 
 
MATERIALS AND METHODS 
 
Location and characterization of the experimental area 
 
This experiment was conducted in an area belonging to the 
partnership between Centro Estadual de Pesquisas em 
Agroenergia and Aproveitamento de Resíduos, from PESAGRO-
Rio, in Campos dos Goytacazes-RJ, Brazil, and the State University 
of Norte Fluminense “Darcy Ribeiro” (UENF), located at 21°19’23’’ 
S and 41°19’40’’ W, at an altitude varying from 20 to 30 m. The 
climate of the region is classified as a hot wet tropical, Aw Köppen 
type, with annual precipitation around 1,152 mm (Köppen, 1948). 
The soil is classified as a Yellow Latosol, and the analysis showed 
the following characteristics: pH 5.5; phosphorus (mg dm–3) 18; 
potassium (mg dm–3) 83; Ca (cmolc dm–3) 4.6; Mg (cmolc dm–3) 3.0; 
Al (cmolc dm–3) 0.1; H + Al (cmolc dm–3) 4.5; and C (%) 1.6. 
 
 
Design and genotypes evaluated 
 
The experimental design was organized as randomized blocks with 
two replicates. The plot was formed by one 5.5 m row spaced 2 m 
apart, totaling 11 m2. Each  replicate  contained  73  elephant-grass  

 
 
 
 
genotypes from the Active Germplasm Bank (AGB) of UENF (Table 
1). Planting was on February 23 and 24, 2011, using whole stems 
arranged with the base touching the apex of the other plant, 
distributed into the furrows at the rate of two per furrow. After the 
establishment phase, on December 15, 2011, all treatments were 
cut near the soil level (plot-leveling) and another planting was made 
concomitantly to reduce flaws in the planting rows. The 
environments consisted of six cuts that were made in June 2012, 
December 2012, August 2013, February 2014, August 2014, and 
February 2015. The evaluated characteristic was dry matter yield 
(DMY) per cut, in t.ha–1. Shortly after, two tillers were collected and 
placed in a 5 kg paper bag to be dried in an oven at 65°C for 72 h, 
until they reached constant weight (air-dried sample). The dried 
material (leaf and stem) was ground in a Wiley mill with 1-mm sieve 
and conditioned in a plastic bottle. Next, the samples were dried 
again in an oven at 105°C for 12 h (oven-dried sample). 

During fertilization at planting, each row received 60 g of single 
superphosphate, and 50 days after planting, each row was top-
dressed with 70 g urea and 40 g potassium chloride (KCl), 
corresponding to 28.6 kg nitrogen (N) and 24 kg potassium oxide 
(K2O) per hectare. This topdressing was also performed after each 
one of the evaluation cuts. The fertilization practices adopted were 
based on the results of the soil chemical analyses and 
recommendations for culture in Rio de Janeiro State. 
 
 
Statistical analyses 
 
The computer resources of the GENES program version 1.0 were 
used for the genetic-statistical analysis (Cruz, 2013). The analysis 
of variance for the evaluated trait was conducted based on the 
average of the plots considering all effects random (random model), 
employing the following statistical model: 
 

ij i j ijY g b     ,  

 
where  

ijY  is phenotypic value of observation ij referring to 

genotype i in block j;   is the overall constant of the trait; ig  is the 

effect of genotype i ; 
jb is the effect of block j; and ij  is the 

average experimental error. 
In the case of perennial plants, the combined analysis of variance 

is performed based on the performance of some harvests (cuts). 
The statistical model, according to Steel and Torrie (1996), is given 
by:  

 

ijk i j a k b ik cY G B C GC            

 

where ijkY is the observed value relative to genotype i in block j in 

cut k; μ is the overall constant of the trial; Gi is the random effect of 

genotype i; jB is the effect of block j; a  is the effect of error 

associated with genotype i in block j; 
kC is the random effect of cut 

k; b  is the effect of error b associated with block j in cut k; 
ikGC is 

the effect of the interaction between genotype i and cut k; and ijk  

is the effect of error c associated with genotype i in block j in cut k. 
 
 

Stability methodologies 
 
The stability methods adopted were based on analysis of variance 
and non-parametric. 
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Table 1. Genotypes present in the Active Germplasm Bank (AGB) of elephant grass of UENF, in Campos dos 
Goytacazes-RJ, Brazil, 2015. 
 

Genotype Identification Genotype Identification 

1 Elefante da Colômbia 38 T 241 Piracicaba 

2 BAGCE 2 39 BAGCE 51 

3 Três Rios 40 Elefante Cachoeiro Itapemirim 

4 Napier Volta Grande 41 Capim Cana D'África 

5 Mercker Santa Rita 42 Gramafante 

6 Pusa Napier N° 2 43 Roxo 

7 Gigante de Pinda 44 Guaçu/I.Z.2 

8 Napier Goiano 45 Cuba-115 

9 Mercker S. E. A 46 Cuba-116 

10 Taiwan A-148 47 King Grass 

11 Porto Rico 534-B 48 Roxo Botucatu 

12 Taiwan A-25 49 Mineirão IPEACO 

13 Albano 50 Vruckwona Africano 

14 Pusa Gigante Napier 51 Cameroon 

15 Elefante Híbrido 534-A 52 BAGCE 69 

16 Costa Rica 53 Guaçu 

17 Cubano Pinda 54 Napierzinho 

18 Mercker Pinda 55 IJ 7125 

19 Mercker Pinda México 56 IJ 7136 

20 Mercker 86 México 57 IJ 7139 

21 Napier S.E.A. 58 Goiano 

22 Taiwan A-143 59 CAC 262 

23 Pusa Napier N° 1 60 Ibitinema 

24 Elefante de Pinda 61 Australiano 

25 Mineiro 62 13 AD 

26 Mole de Volta Grande 63 10 AD IRI 

27 Porto Rico 64 07 AD IRI 

28 Napier 65 Pasto Panamá 

29 Mercker Comum 66 BAGCE 92 

30 Teresopólis 67 05 AD IRI 

31 Taiwan A-46 68 13 AD IRI 

32 Duro de Volta Grande 69 03 AD IRI 

33 Mercker Comum Pinda 70 02 AD IRI 

34 Turrialba 71 08 AD IRI 

35 Taiwan A-146 72 BAG 86 

36 Taiwan A-121 73 BAG 87 

37 Vrukwona  -  - 

 
 
 
Yates and Cochran’s (traditional) method (1938) 
 
The method consists of the combined analysis of the 
experiments, considering all environments and the subsequent 
breakdown of the sum of squares of the environment effects and 
of the genotype × environment interaction into effects of 
environments within each genotype. The genotypes that show 
the lowest θi values are the most stable. Its estimator is: 
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where ijY is the mean of genotype i  ( i  = 1, 2,..., g) in environment 

j  ( j  = 1, 2,..., n); r  is the number of replicates associated with 

the genotype; and a is the total number of environments. 

 
 
Plaisted and Peterson’s (1959) method 

 
The method proposed by Plaisted and Peterson (1959) quantifies 
the relative contribution of each genotype to the G × E interaction 
and identifies those of highest stability. 

The estimate was obtained by the following expression: 
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n is the number of environments. 

The relative contribution of each genotype was calculated as 
follows: 
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Wricke’s (1964) method 
 

The ecovalence ( i ) or stability of genotype i is given by: 

 
2

1 ..ij i j
Y Y Y Y  
   
 

 , 

 

where ijY  is the mean response of genotype i  in environment 

j ; i  and j are the mean deviations of genotypes and 

environments, respectively; and ..Y  is the overall mean.  

Thus, genotypes with low i  values have lower deviations in 

relation to the environments and are more stable. 
 
 
Annicchiarico’s (1992) method 
 
Annicchiarico’s method is based on the so-called genotypic 
confidence index, estimated by: 
 

       1i g i g zi g
I z


 


   

 

Considering all environments, where 
 i g

 is the average 

percentage of genotypes i ; 
 1

Z


 is the percentage of the 

standard normal distribution function; and  zi g
  is the standard 

deviation from the ijZ  values, associated with genotypes i . The 

confidence coefficient adopted was 75%, that is, α = 0.05. 

 
 
 
 
Lin and Binns’ (1988) method 
 
In this method, the parameter Pi defines the stability of a genotype 
and is defined as the mean-squared distance between the mean of 
a genotype and the mean maximum response for all sites, such that 
genotypes with lower values correspond to those of better 
performance. Thus, the estimator is given as: 
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where iP  is the estimate of the stability parameters of genotype i ; 

ijY  is the response of genotype i  in environment j ; jM  is the 

maximum response observed among all genotypes in environment 

j ; and n  is the number of environments. 

 
 
Huehn’s (1990) method 

 
Huehn (1990) suggested the non-parametric evaluation of 
phenotypic stability based on the classification of genotypes in 
each environment, utilizing the principle of homeostasis to 
characterize the genotype. In this method, a genotype is 
considered stable if the classification presented by the genotype 
× environment interaction effect is similar. In this case, the 
parameters that measure the stability (S1, S2, and S3) are equal 

to zero. 
The satiability parameters were estimated from: 

 
(i) S1: means of the absolute differences between the classifications 

of genotype “ i ” in the environments, after the removal of the effects 

of genotypes ( ijY  ): 

 

 
 1

1

2

j j rij rij
S

a
a

 





  

 

where ijr is the classification of genotype i  in environment j ; ijr   

is the classification of genotype i  in environment j ; a is the 

number of environments. 
 
(ii) S2: variance of the classifications of genotype i in the 

environments, after the removal of the effects of genotypes: 
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(iii) S3: sum of the absolute deviations of each classification, in 

relation to the average of the classifications, that is, 
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Table 2. Summary of the individual analyses of variance for dry matter yield in 73 elephant-grass genotypes in six cuts. 
 

Cut MS Block MS Genotype MS Residual Overall mean CV (%) 

1 152.87 105.73* 69.93 22.89 36.53 

2 42.23 19.6* 11.83 10.83 31.78 

3 247.83 42.91** 21.04 18.36 24.98 

4 1.9292 54.17* 35.49 16.85 35.35 

5 0.053 55.5** 22.5 16.38 28.97 

6 2.17 23.6* 14.82 11.9 32.37 

DF 1 72 72  - -  
 

MS, Mean square; DF, degree of freedom; CV, coefficient of variation. **Significant at the level of 1% probability; *Significant at 
5% probability. 
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By this method, the genotype with maximum stability will express 
S1, S2,  and  S3 estimates equal to zero. 

 
 
Kang and Phan’s method  

 
The genotypes were ranked based on the estimators of Yates and 
Cochran (1938) and Plaisted and Peterson (1959); Wricke’s (1964) 
ecovalence; Annicchiarico (1992); Lin and Binns (1988); and 
Huehn (1990). 

For the ranking of the genotypes, they were classified in 
ascending order based on the aforementioned stability estimators, 
except for Annicchiarico’s method, in which the clones were ranked 
in descending order, and subsequently descending order, based on 
the estimates of the dry-matter-yield means. The ranking values of 
each genotype were summed, generating the sum of 
classifications, which constituted Kang and Phan’s (1991) 
estimator. 

Thus, the genotypes with the lowest values in the sum of 
classifications are the most stable and productive. 

 
 
Spearman’s correlation coefficient 

 
Spearman’s correlation coefficient (  ) was utilized to evaluate the 

degree of agreement between the different methods employed. 
This approach considers the ranking of the clones according to 
each one of the parameters of the stability methods. 

The expression for the calculation of Spearman’s coefficient is 
given by: 

 

 

2

1

2

6
1

1 2

n

ii
d

n n
  




,  

 

where   is the Spearman’s correlation coefficient; id  is the 

difference between the rankings; and n  is the number of ranking 

parts. 

RESULTS AND DISCUSSION 
 
The results of the individual analyses of variance 
detected significant differences at 1 and 5% probability 
between the genotypes in all the evaluated cuts for dry 
matter yield. These different performances between the 
elephant-grass genotypes indicate that there is genetic 
variability in the Active Germplasm Bank of elephant 
grass of UENF (Table 2). In the study conducted by 
Oliveira et al. (2014), Pennisetum purpureum genotypes 
at 12 months of age showed significant differences at 1% 
probability for dry matter yield. Menezes et al. (2014) also 
found significant differences in dry matter yield in 40 
genotypes of P. purpureum. 

The experimental coefficients of variation ranged from 
24.98 to 36.53%, because dry matter yield is a 
quantitative trait largely influenced by the environment. In 
other studies with elephant grass (Oliveira et al., 2014; 
Rossi et al., 2014), the coefficients of variation were high 
for dry matter yield: 22.96 to 36.95%. 

The coefficient of variation, obtained from the analysis 
of variance of an experimental trial, indicates its degree 
of precision. However, the particularities of the studied 
culture should be considered, and one should epecially 
distinguish the nature of the evaluated trait (Costa et al., 
2002). This classification may vary depending on the soil-
climatic conditions or reproductive cycle of the culture 
(Scapim et al., 2010). 

The values obtained in the individual analyses of 
variance (per cut) of dry matter yield in t.ha

–1
 resulted in a 

ratio between the highest and lowest residual mean 
squares (RMS) of 5.91 (Table 2). This ratio is in 
agreement with Daher et al. (2003), who evaluated P. 
penissetum in eight environments whose ratio of 
homogeneity of variances (Hartley’s test) was 4.94, which 
allowed the inclusion of all environments in the combined 
analysis. 

Pimentel-Gomes and Garcia (2002) commented on the 
use of the maximum F test, concluding that if the ratio 
between the highest and the lowest RMS is lower than 
seven, the combined analysis can be performed with no 
major problems. However, when this ratio is greater  than  
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Table 3. Summary of the combined analysis of variance for dry matter yield in 73 elephant-grass 
genotypes in six cuts. 
 

Source of variation DF RMS 

Block 1 199.21 

Genotype 72 112.15* 

Error A 72 41.33 

Cut 5 2843.24** 

Error B 5 50.14 

Genotype × Cut 360 37.9* 

Error C 360 26.2 

RMS (highest)/RMS (lowest) - 5.91 

Total 875 - 
 

DF, Degree of freedom; RMS, residual mean square. **Significant at the level of 1% probability; 
*Significant at 5% probability. 

 
 
 
seven, it is recommended to consider the subgroups of 
the experiments with not-very-heterogeneous RMS 
separately.  

The combined analysis of variance demonstrated 
significant effects of cuts (p<0.01), genotypes (p<0.05), 
and cut × genotype interaction (p<0.05) on dry matter 
yield, indicating that the genotypes had different 
performances in the biannual cuts evaluated (Table 3). 
The significant effect of the genotype × environment 
interaction indicates inconsistent performance of the 
genotypes according to the environmental variables. The 
evaluation of this interaction is essential for plant 
breeding, because the best genotype in a certain 
environment may not have the same response in 
another, so it would be necessary to evaluate the stability 
of the genotypes. 

The genotype × environment interaction is unfavorable 
to researchers’ work because of the magnitudes of 
differences between the genotypes and cuts, and so the 
classification of the genotypes is changed with the cuts 
(Daher et al., 2003). Thus, a more detailed study of the 
performance of genotypes in view of these variations was 
undertaken by stability analysis. 

The stability parameter of Yates and Cochran’s method 
is shown in Table 4. This methodology indicated 
genotypes 8, 14, 70, 15, 45, 58, 43, 17, 30, and 62 as the 
10 most stable genotypes of the evaluated group. On the 
other hand, the corresponding classifications of these 
genotypes concerning the mean in the six evaluation cuts 
were not satisfactory (70th, 34th, 41st, 62nd, 20th, 59th, 
71st, 17th, 57th, and 47th), corroborating Cruz et al. 
(2014) assumption that genotypes with a consistent 
response in a number of environments are, in general, 
not very productive. 

The evaluation of genotype performance stability by 
Plaisted and Peterson (1959) method (based on analysis 
of variance) demonstrated that, because they showed 
lower values for the estimate of θ (%), the 10 most stable 
genotypes were 63, 41, 6, 2, 21, 49, 33, 30, 57  and  7  in 

ascending order of magnitude. 
According to this method, in general, there was no 

agreement between stability and productivity, that is, the 
most productive genotypes were not necessarily the most 
stable. Daher et al. (2003), who evaluated 17 clones of 
elephant grass for forage production, stated that the 
stability estimates of Plaisted and Peterson also proved 
that there was no agreement between stability and 
productivity; in other words, the most productive 
genotypes were not necessarily the most stable ones. 

Wricke’s method considers the genotype with the 
lowest estimate of ωi (%) as the most stable, similarly to 
Plaisted and Peterson. The conclusions were identical for 
both stability methods. 

The results of the stability analysis obtained by 
Annicchiarico’s (1992) method indicated genotypes 47, 
31, 11, 7, 61, 44, 3, 42, 65, and 32 as superior, with 
confidence indices higher than 100% when all 
environments were considered, which shows that they 
have good stability, with a predictable response in 
different cuts. 

The methodology of Annicchiarico (1992) expresses 
the genotypic stability, facilitating the decision-making 
process (Cruz et al., 2014). Considering the dynamics 
and recurrence of the processes in breeding programs, it 
is a methodology that can be applied in the moment of 
determining the permanence or removal of a certain 
genotype from the program, safely and quickly. 

The application of Lin and Binns’ (1988) method made 
it possible to identify individuals with high dry matter yield 
and phenotypic stability (lower Pi values). Table 4 shows 
that genotype 47 is the most adaptable and stable, with 
the lowest Pi value in the six cuts, followed by genotypes 
31, 11, 44, 65, 32, 54, 7, 46, and 45, with respective 
increases in dry matter yield. These results agree with 
Daher et al. (2003), who found an inverse relationship 
between the stability parameter Pi and the clones’ dry-
matter-yield means, indicating the applicability of these 
stability  estimates  for the  evaluation  of  perennial-cycle  
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Table 4. Mean values for dry matter yield (M) and the estimates of the methods of Yates and Cochran (YC), Plaisted and Peterson (PP), 
Wricke (W), Annicchiarico (A), Lin and Binns (LB), and Huehn (HU) with their respective positions (P) for the 73 elephant-grass 
genotypes (G). 
 

G M P 
YC PP W A LB HU 

MS P θ(%) P wi(%) P I(%) P Pi P S
1
 P S

2
 P S

3
 P 

1 18.80 19 30.39 18 0.54 33 0.85 33 113.45 11 99.49 20 22.53 32 349.60 34 2.33 29 

2 13.89 56 31.81 21 -0.45 4 0.25 4 83.29 52 166.18 50 18.33 24 237.37 22 2.87 45 

3 20.02 9 31.14 19 0.09 19 0.58 19 121.67 7 87.02 15 24.40 44 413.07 42 4.26 68 

4 17.20 31 475.74 73 17.17 73 11.13 73 81.84 54 127.63 34 15.93 16 301.37 27 1.13 6 

5 19.01 16 209.30 71 9.74 72 6.54 72 101.04 29 115.13 25 12.00 7 96.00 7 0.70 4 

6 12.96 63 41.34 29 -0.54 3 0.19 3 75.23 61 179.27 60 14.07 11 134.57 11 2.87 46 

7 20.83 5 51.26 38 -0.34 10 0.31 10 125.80 4 74.28 8 23.67 39 373.77 38 3.40 59 

8 11.40 70 5.67 1 0.69 38 0.95 38 68.77 66 225.06 72 26.07 50 442.70 50 2.56 35 

9 13.94 55 55.33 42 1.39 52 1.38 52 79.38 59 176.27 58 24.00 43 440.80 49 2.65 39 

10 18.86 18 82.08 52 1.33 50 1.34 50 111.10 15 85.71 14 23.47 38 387.47 39 2.36 30 

11 21.51 4 71.34 47 0.72 40 0.97 40 128.75 3 56.74 3 24.80 45 433.47 45 2.61 38 

12 15.60 38 53.03 39 -0.20 13 0.40 13 90.14 37 134.84 36 23.33 36 415.47 43 3.48 60 

13 17.51 27 193.56 70 4.50 67 3.30 67 96.23 30 101.07 22 35.80 73 856.17 73 3.86 64 

14 16.10 34 8.82 2 4.16 66 3.09 66 91.43 35 160.22 45 16.73 19 190.57 18 1.26 9 

15 13.04 62 14.10 4 1.56 55 1.49 55 78.27 60 206.10 66 28.80 62 551.87 59 3.19 54 

16 13.31 60 28.44 15 -0.32 12 0.33 12 79.45 58 179.63 61 26.40 51 468.00 51 4.23 67 

17 18.92 17 17.16 8 4.94 70 3.58 70 104.97 22 92.52 18 8.13 4 49.47 3 0.46 3 

18 14.40 50 40.81 27 0.10 21 0.59 21 84.68 50 160.86 48 27.87 57 573.20 62 4.62 71 

19 17.19 32 45.79 32 0.31 26 0.72 26 102.20 27 126.53 33 31.80 71 76.14 5 4.95 72 

20 13.62 58 87.07 54 0.26 25 0.69 25 75.17 62 166.54 51 23.67 40 398.30 41 2.51 32 

21 11.92 67 44.68 31 -0.41 5 0.27 5 69.54 65 198.77 65 13.80 10 141.37 12 2.19 27 

22 13.21 61 76.13 50 0.40 29 0.77 29 71.54 64 180.16 62 25.47 48 434.27 46 2.60 37 

23 19.46 11 239.95 72 4.93 69 3.57 69 101.35 28 79.17 11 23.00 35 439.37 48 1.83 18 

24 10.91 73 53.96 40 0.09 20 0.58 20 61.35 72 222.23 69 17.87 22 242.80 23 2.00 23 

25 18.09 23 34.44 23 0.79 42 1.01 42 107.51 18 121.55 30 24.80 46 437.47 47 2.18 26 

26 18.04 24 119.05 64 0.92 44 1.09 44 102.26 26 91.49 17 16.40 18 196.27 19 1.41 12 

27 11.94 66 65.35 45 0.46 31 0.81 31 65.95 70 197.33 64 29.40 65 619.77 67 3.66 63 

28 11.72 68 54.81 41 1.02 45 1.16 45 64.84 71 220.58 68 29.20 63 565.20 61 3.20 55 

29 11.57 69 25.45 14 0.44 30 0.80 30 67.88 68 222.57 71 20.47 27 304.57 29 2.51 33 

30 13.85 57 18.19 9 -0.35 8 0.31 8 84.43 51 174.21 55 12.40 8 101.87 8 2.31 28 

31 22.09 2 75.48 49 0.06 18 0.56 18 132.57 2 53.13 2 16.20 17 209.10 20 1.53 13 

32 19.79 10 92.07 57 0.04 17 0.55 17 117.31 10 72.32 6 11.33 5 89.07 6 1.19 7 

33 15.05 43 29.06 16 -0.38 7 0.29 7 90.35 36 146.58 38 25.80 49 574.97 64 6.95 73 

34 15.12 42 74.83 48 0.57 35 0.88 35 86.17 46 150.12 42 31.20 69 662.67 70 4.17 66 

35 14.94 45 144.98 68 5.49 71 3.91 71 80.10 56 160.45 47 13.00 9 116.30 10 0.85 5 

36 19.01 15 56.05 44 -0.33 11 0.32 11 113.13 12 87.45 16 27.67 56 532.17 56 4.54 70 

37 17.36 29 157.94 69 2.33 62 1.96 62 95.80 31 100.86 21 16.87 20 187.77 16 1.35 11 

38 17.87 25 87.66 55 1.41 53 1.40 53 102.87 25 111.51 23 31.07 68 654.67 69 3.60 62 

39 13.99 54 41.13 28 0.58 36 0.88 36 80.82 55 175.71 57 18.40 25 269.47 25 1.62 15 

40 14.97 44 36.46 26 2.94 63 2.34 63 86.16 47 174.98 56 27.07 53 523.20 54 2.09 25 

41 12.90 64 42.46 30 -0.66 2 0.11 2 74.93 63 179.02 59 11.47 6 103.47 9 2.81 42 

42 20.12 8 46.02 33 0.11 22 0.59 22 120.48 8 85.63 13 22.73 34 371.90 37 2.96 47 

43 11.15 71 17.09 7 0.40 28 0.77 28 66.30 69 226.34 73 23.80 42 395.77 40 3.14 53 

44 20.75 6 97.51 59 0.15 23 0.62 23 122.52 6 60.22 4 14.27 12 190.00 17 1.60 14 

45 18.73 20 15.33 5 2.21 60 1.89 60 104.23 24 77.79 10 30.00 67 633.20 68 3.35 58 

46 19.07 14 141.82 67 1.70 56 1.57 56 109.25 17 77.42 9 28.33 58 529.90 55 2.85 44 

47 23.08 1 136.04 66 1.27 49 1.31 49 134.56 1 41.58 1 27.27 55 541.90 57 2.81 43 

48 14.05 53 50.55 37 -0.14 14 0.44 14 82.44 53 158.25 43 20.40 26 325.87 31 3.01 49 
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 Table 4. Contd. 
 

   YC PP W A LB Hu 

G M P MS P θ(%) P wi(%) P I(%) P Pi P S
1
 P S

2
 P S

3
 P 

49 17.37 28 33.09 22 -0.38 6 0.29 6 105.29 21 116.90 26 17.60 21 221.47 21 3.53 61 

50 17.31 30 23.36 12 0.74 41 0.98 41 104.36 23 120.66 29 20.60 28 296.57 26 1.97 22 

51 15.51 39 76.28 51 3.32 65 2.57 65 88.11 40 160.37 46 7.87 3 53.07 4 0.42 2 

52 14.88 46 35.75 25 1.25 48 1.30 48 87.48 42 168.63 53 29.80 66 606.97 66 3.11 51 

53 15.72 37 35.58 24 3.28 64 2.55 64 93.83 32 166.58 52 31.60 70 666.00 71 2.98 48 

54 19.28 13 106.01 62 0.55 34 0.86 34 112.41 13 72.78 7 14.80 14 180.67 15 1.34 10 

55 18.25 21 29.92 17 -0.02 16 0.51 16 110.60 16 112.70 24 14.47 13 161.77 14 1.94 21 

56 15.96 35 83.83 53 0.25 24 0.68 24 92.25 34 120.60 28 26.67 52 518.80 53 4.36 69 

57 14.10 52 23.51 13 -0.35 9 0.31 9 85.13 49 165.15 49 21.60 31 323.60 30 3.04 50 

58 13.33 59 15.80 6 1.22 47 1.28 47 79.79 57 191.25 63 21.00 29 344.30 33 1.63 16 

59 15.93 36 100.39 60 0.69 39 0.95 39 90.00 38 129.99 35 25.20 47 423.20 44 2.67 40 

60 17.63 26 31.39 20 0.66 37 0.93 37 106.28 19 124.59 32 22.60 33 339.37 32 2.70 41 

61 21.82 3 135.53 65 4.65 68 3.40 68 124.21 5 83.61 12 4.80 1 17.07 1 0.30 1 

62 14.75 47 21.16 10 0.81 43 1.02 43 87.99 41 159.59 44 23.73 41 368.27 36 2.08 24 

63 14.48 49 46.11 34 -0.78 1 0.04 1 86.41 43 148.83 40 7.73 2 44.27 2 3.13 52 

64 16.57 33 93.70 58 0.49 32 0.83 32 93.79 33 122.76 31 29.33 64 592.67 65 3.32 57 

65 20.65 7 112.32 63 1.21 46 1.27 46 118.75 9 67.58 5 21.40 30 302.57 28 1.83 19 

66 14.24 51 22.86 11 0.33 27 0.73 27 85.31 48 169.09 54 17.87 23 250.27 24 1.74 17 

67 18.15 22 70.09 46 2.23 61 1.90 61 105.60 20 119.14 27 14.93 15 148.27 13 1.22 8 

68 10.96 72 105.56 61 1.79 58 1.63 58 56.53 73 222.50 70 28.73 61 547.10 58 2.53 34 

69 19.38 12 91.81 56 1.88 59 1.68 59 111.29 14 94.70 19 23.33 37 351.47 35 1.86 20 

70 15.37 41 10.64 3 1.71 57 1.58 57 86.19 45 145.45 37 28.67 60 573.47 63 2.48 31 

71 12.03 65 55.95 43 1.47 54 1.43 54 67.96 67 207.02 67 32.33 72 680.17 72 3.29 56 

72 14.72 48 48.77 36 -0.06 15 0.49 15 86.23 44 146.89 39 27.20 54 495.60 52 4.00 65 

73 15.46 40 47.03 35 1.36 51 1.36 51 88.89 39 149.87 41 28.53 59 563.20 60 2.56 36 

 
 
 
genotypes subjected to successive cuts. 

The ability of this parameter to detect the genotypic 
behavior of clones is based on the use of deviations 
between the evaluated genotype and the maximum 
productivity in each environment. Thus, low Pi values for 
a given genotype demonstrate that it was near the 
maximum in the cuts made (Daher et al., 2003). 

The results obtained for the stability parameters, 
according to Huehn’s (1990) methodology, for dry matter 
yield, are shown in Table 4. According to the results, 
genotype 61 was considered the most stable of all, with 
the lowest estimate of parameters S1, S2, and S3, and 
good classification of the mean in all cuts. 

Genotypes 63, 17, 51, 32, and 5 also obtained good 
parameter estimates for dry matter yield, in which 
genotype 63 was the second most stable, according to S1 
and S2. By this methodology, the genotypes that showed 
the lowest variance in the ranks are considered the most 
stable. 

The results referring to the ranking method, according 
to the performance of the genotypes and their respective 
estimates of the phenotypic-stability parameters, are 
shown in Table 5. 

The stability parameter of Yates and Cochran’s method  

indicated genotypes 8, 14, 70, 15, 45, 58, 43, 17, 30, and 
62 (Table 4) as the most stable and with unsatisfactory 
means. With Kang and Phan’s ranking associated with 
Yates and Cochran’s method (Table 5), these genotypes 
were better ranked with their means as 35th, 4th, 10th, 
25th, 2nd, 24th, 43rd, 1st, 26th, and 16th, respectively. In 
general, it can be observed that the most stable clones 
started to occupy the means positions after Kang and 
Phan’s weighting. 

The 10 best genotypes resulting from the methodology 
of Kang and Phan (1991) associated with the methods of 
Plaisted and Peterson (1959) and Wricke (1964) were 7, 
31, 36, 32, 3, 44, 42, 49, 55, and 11. Among them, 
genotypes 31, 11, 7, 44, and 42 stood out as the most 
productive. The results for the methods are equal, 
because they are perfectly correlated with each other. 

For Annicchiarico’s method, the clones with the highest 
confidence indices were those of the greatest stability. 
This method, associated with that of Kang and Phan 
(1991), did not show alterations in the ranking of 
genotypes. Therefore, groups 47, 31, 11, 61, 7, 44, 3, 54, 
and 45 prevailed as the most productive and stable. 
Thus, both methodologies displayed good agreement in 
identifying the cultivars of greater stability and dry  matter  
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Table 5. Mean values for dry matter yield (M) and estimates of Kang and Phan’s method (KP) applied to the methods of Yates and Cochran (KP+YC), Plaisted and Peterson (KP+PP), 
Wricke (KP+W), Annicchiarico (KP+A), Lin and Binns (KP+LB), and Huehn (KP+HU) with their respective positions (P) for the 73 elephant-grass genotypes (G). 
 

G M P  KP+YC P  KP+PP P  KP+W P  KP+A P  KP+LB P  KP+HuS1 P  KP+HuS2 P  KP+HuS3 P 

1 18.80 19  37 5  52 16  52 16  30 14  39 19  51 21  53 23  48 20 

2 13.89 56  77 40  60 20  60 20  108 54  106 54  80 41  78 38  101 53 

3 20.02 9  28 3  28 5  28 5  16 7  24 13  53 23  51 20  77 37 

4 17.20 31  104 65  104 63  104 63  85 41  65 33  47 16  58 27  37 13 

5 19.01 16  87 51  88 48  88 48  45 23  41 20  23 6  23 5  20 4 

6 12.96 63  92 58  66 27  66 27  124 62  123 61  74 35  74 36  109 64 

7 20.83 5  43 9  15 1  15 1  9 5  13 6  44 14  43 12  64 27 

8 11.40 70  71 35  108 68  108 68  136 67  142 70  120 68  120 68  105 60 

9 13.94 55  97 61  107 66  107 66  114 57  113 58  98 54  104 58  94 47 

10 18.86 18  70 32  68 30  68 30  33 16  32 17  56 26  57 26  48 21 

11 21.51 4  51 14  44 10  44 10  7 3  7 3  49 17  49 18  42 16 

12 15.60 38  77 41  51 15  51 15  75 37  74 36  74 36  81 42  98 51 

13 17.51 27  97 62  94 55  94 55  57 29  49 24  100 57  100 55  91 46 

14 16.10 34  36 4  100 61  100 61  69 33  79 38  53 24  52 22  43 18 

15 13.04 62  66 25  117 71  117 71  122 61  128 64  124 69  121 69  116 66 

16 13.31 60  75 37  72 37  72 37  118 59  121 59  111 64  111 63  127 72 

17 18.92 17  25 1  87 47  87 47  39 18  35 18  21 5  20 3  20 5 

18 14.40 50  77 42  71 33  71 33  100 50  98 49  107 61  112 65  121 68 

19 17.19 32  64 21  58 18  58 18  59 30  65 34  103 60  37 11  104 58 

20 13.62 58  112 70  83 45  83 45  120 60  109 55  98 55  99 54  90 44 

21 11.92 67  98 63  72 38  72 38  132 65  132 66  77 38  79 39  94 48 

22 13.21 61  111 68  90 49  90 49  125 65  123 62  109 63  107 60  98 52 

23 19.46 11  83 47  80 43  80 43  39 19  22 11  46 15  59 30  29 9 

24 10.91 73  113 71  93 54  93 54  145 72  142 71  95 50  96 50  96 49 

25 18.09 23  46 11  65 24  65 24  41 20  53 27  69 31  70 33  49 22 

26 18.04 24  88 52  68 31  68 31  50 26  41 21  42 11  43 13  36 12 

27 11.94 66  111 69  97 57  97 57  136 68  130 65  131 70  133 72  129 73 

28 11.72 68  109 67  113 69  113 69  139 70  136 68  131 71  129 70  123 70 

29 11.57 69  83 48  99 59  99 59  137 69  140 69  96 51  98 51  102 55 

30 13.85 57  66 26  65 25  65 25  108 55  112 57  65 30  65 31  85 39 

31 22.09 2  51 15  20 2  20 2  4 2  4 2  19 4  22 4  15 2 

32 19.79 10  67 27  27 4  27 4  20 10  16 8  15 2  16 2  17 3 

33 15.05 43  59 17  50 12  50 12  79 38  81 39  92 48  107 61  116 67 

34 15.12 42  90 54  77 40  77 40  88 43  84 41  111 65  112 66  108 63 

35 14.94 45  113 72  116 70  116 70  101 51  92 47  54 25  55 24  50 23 
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36 19.01 15  59 18  26 3  26 3  27 13  31 15  71 33  71 34  85 40 

37 17.36 29  98 64  91 52  91 52  60 31  50 26  49 18  45 15  40 14 

38 17.87 25  80 44  78 41  78 41  50 27  48 23  93 49  94 49  87 42 

39 13.99 54  82 46  90 50  90 50  109 56  111 56  79 39  79 40  69 30 

40 14.97 44  70 33  107 67  107 67  91 46  100 51  97 52  98 52  69 31 

41 12.90 64  94 59  66 28  66 28  127 64  123 63  70 32  73 35  106 61 

42 20.12 8  41 7  30 7  30 7  16 8  21 10  42 12  45 16  55 25 

43 11.15 71  78 43  99 60  99 60  140 71  144 73  113 67  111 64  124 71 

44 20.75 6  65 22  29 6  29 6  12 6  10 4  18 3  23 6  20 6 

45 18.73 20  25 2  80 44  80 44  44 22  30 14  87 44  88 46  78 38 

46 19.07 14  81 45  70 32  70 32  31 15  23 12  72 34  69 32  58 26 

47 23.08 1  67 28  50 13  50 13  2 1  2 1  56 27  58 28  44 19 

48 14.05 53  90 55  67 29  67 29  106 53  96 48  79 40  84 45  102 56 

49 17.37 28  50 13  34 8  34 8  49 25  54 28  49 19  49 19  89 43 

50 17.31 30  42 8  71 34  71 34  53 28  59 30  58 28  56 25  52 24 

51 15.51 39  90 56  104 64  104 64  79 39  85 42  42 13  43 14  41 15 

52 14.88 46  71 36  94 56  94 56  88 44  99 50  112 66  112 67  97 50 

53 15.72 37  61 19  101 62  101 62  69 34  89 44  107 62  108 62  85 41 

54 19.28 13  75 38  47 11  47 11  26 11  20 9  27 7  28 7  23 7 

55 18.25 21  38 6  37 9  37 9  37 17  45 22  34 8  35 8  42 17 

56 15.96 35  88 53  59 19  59 19  69 35  63 31  87 45  88 47  104 59 

57 14.10 52  65 23  61 21  61 21  101 52  101 52  83 42  82 43  102 57 

58 13.33 59  65 24  106 65  106 65  116 58  122 60  88 46  92 48  75 34 

59 15.93 36  96 60  75 39  75 39  74 36  71 35  83 43  80 41  76 35 

60 17.63 26  46 12  63 22  63 22  45 24  58 29  59 29  58 29  67 28 

61 21.82 3  68 29  71 35  71 35  8 4  15 7  4 1  4 1  4 1 

62 14.75 47  57 16  90 51  90 51  88 45  91 46  88 47  83 44  71 32 

63 14.48 49  83 49  50 14  50 14  92 47  89 45  51 22  51 21  101 54 

64 16.57 33  91 57  65 26  65 26  66 32  64 32  97 53  98 53  90 45 

65 20.65 7  70 34  53 17  53 17  16 9  12 5  37 9  35 9  26 8 

66 14.24 51  62 20  78 42  78 42  99 49  105 53  74 37  75 37  68 29 

67 18.15 22  68 30  83 46  83 46  42 21  49 25  37 10  35 10  30 10 

68 10.96 72  133 73  130 73  130 73  145 73  142 72  133 72  130 71  106 62 

69 19.38 12  68 31  71 36  71 36  26 12  31 16  49 20  47 17  32 11 

70 15.37 41  44 10  98 58  98 58  86 42  78 37  101 58  104 59  72 33 

71 12.03 65  108 66  119 72  119 72  132 66  132 67  137 73  137 73  121 69 

72 14.72 48  84 50  63 23  63 23  92 48  87 43  102 59  100 56  113 65 

73 15.46 40  75 39  91 53  91 53  79 40  81 40  99 56  100 57  76 36 
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Table 6. Spearman correlations among the stability parameters of the different methods utilized in 73 elephant-grass genotypes. 
 

 Parameter YC PP W A LB S1 S2 S3 KP+YC KP+PP KP+W KP+A KP+LB KP+S1 KP+S2 KP+S3 

M -0.38** -0.23* -0.23* -0.97** 0.97** 0.14
ns

 0.15
ns

 0.23
ns

 0.53** 0.58** 0.58** 0.11
ns

 0.99** 0.74** 0.74** 0.78** 

YC - 0.30** 0.30** 0.25* -0.43** -0.06
ns

 -0.03
ns

 -0.21
ns

 0.55** -0.08
ns

 -0.08
ns

 -0.56** -0.41** -0.30** -0.28* -0.36** 

PP - - 1 0.10
ns

 -0.13
ns

 0.16
ns

 0.17
ns

 -0.45** 0.07
ns

 0.64** 0.64** -0.54** -0.18
ns

 -0.04
ns

 -0.03
ns

 -0.43** 

W - - - 0.10
ns

 -0.13
ns

 0.16
ns

 0.17
ns

 -0.45** 0.07
ns

 0.64** 0.64** -0.54** -0.18
ns

 -0.04
ns

 -0.03
ns

 -0.43** 

A - - - - -0.94** -0.13
ns

 -0.15
ns

 -0.15
ns

 -0.64** -0.68** -0.68** 0.10
ns

 -0.96** -0.71** -0.73** -0.71** 

LB - - - - - 0.15
ns

 0.14
ns

 0.17
ns

 0.46** 0.66** 0.66** 0.12
ns

 0.99** 0.73** 0.72** 0.72** 

S1 - - - - - - 0.92** 0.70** 0.05
ns

 0.23
ns

 0.23
ns

 -0.04
ns

 0.14
ns

 0.76** 0.70** 0.52** 

S2 - - - - - - - 0.63** 0.09
ns

 0.25* 0.25* -0.12
ns

 0.14
ns

 0.69** 0.76** 0.48** 

S3 - - - - - - - - 0.03
ns

 -0.21
ns

 -0.21
ns

 0.26* 0.19
ns

 0.61** 0.56** 0.78** 

KP+YC  - - - - - - - - 0.45** 0.45** -0.45** 0.50** 0.37** 0.40** 0.37** 

KP+PP - - - - - - - - - - 1 -0.38** 0.62** 0.54** 0.55** 0.23* 

KP+W - - - - - - - - - - - -0.38** 0.62** 0.54** 0.55** 0.23* 

KP+A - - - - - - - - - - - - 0.12ns 0.05
ns

 0.002
ns

 0.23
ns

 

KP+LB - - - - - - - - - - - - - 0.74** 0.73** 0.75** 

KP+S1 - - - - - - - - - - - - - - 0.95** 0.85** 

KP+S2 - - - - - - - - - - - - - - - 0.82** 

KP+S3 - - - - - - - - - - - - - - - - 
 

**Significant at 1% probability; *Significant at 5% probability, by the t test. Means for dry matter yield (M), Yates and Cochran (YC), Plaisted and Peterson (PP), Wricke (W), Annicchiarico (A) and 
Lin and Binns (LB), Huehn (Si, S2, and S3) and Kang and Phan associated with Yates and Cochran (KP+YC), Plaisted and Peterson (KP+PP), Wricke (KP+W), Annicchiarico (KP+A), Lin and Binns 
(KP+LB) and Huehn (Si, S2, and S3). 

 
 
 

yield. 
Genotypes 47, 31, 11, 44, 65, 32, 54, 7, 46, and 

45 stood out as very promising according to Lin 
and Binns’ method. Nevertheless, the association 
between Kang and Phan’s and Lin and Binns’ 
methods led to a slight change in the ranking of 
47, 31, 44, 65, 7, 61, 32, 54, and 42, keeping the 
same positions with high stability and dry matter 
yield (Table 5). These results indicate that these 
genotypes showed high stability, and most 
importantly for elephant-grass breeders, high dry 
matter yield. Therefore, the non-parametric 
Annicchiarico’s and Lin and Binns’s methods, 
associated with Kang and Phan’s method, were 
efficient in indentifying genotypes with high stability 
and dry matter yield. 

Kang and Phan’s (1991) approach, associated 
with Huehn’s method, kept genotypes 61, 31, 32, 
17, 44, and 54 in the best positions for stability. 
Despite the simplicity in obtaining the statistics 
that evaluated stability, Huehn’s (1990) method is 
criticized for not taking into account the 
magnitude of the obtained mean values, which is 
another aspect that stability comprehends, 
regardless of whether the classification was good 
or bad. Thus, the statistics will only be useful if 
the mean performance of the evaluated genotypes 
is considered simultaneously (Cruz et al., 2014). 

The correlations between the different stability 
methods for the trait dry matter yield, according to 
Spearman’s correlation coefficient (r), revealed 
statistical significance at 5  and  1%  of  probability 

by the t test, indicating that these methods agree 
partially (Table 6). 

The mean was highly correlated with Lin and 
Binns’ and Annicchiarico’s methods, positively 
and negatively, respectively. Regarding Kang and 
Phan’s (1991) associated method, there was a 
change in the ranking of Yates and Cochran 
(1938), in which Plaisted and Peterson (1959), 
Wricke (1964) and Huehn became positively 
correlated, but with a low coefficient.  
The methods that were highly correlated with 
each other were Plaisted and Peterson and 
Wricke (r = 1), and Kang and Phan associated with 
the latter. Daher et al. (2003) also obtained the 
same result for dry matter yield in studies on the 
stability of elephant grass. 
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Kang and Phan’s method associated with Lin and 
Binns’ had high negative and positive correlations, 
respectively, with Annicchiarico’s (r = –0.96) and Lin and 
Binns’ methods (r = 0.99). The results of the methodology 
of Lin and Binns and Annicchiarico were similar, which is 
in agreement with the results obtained by Cunha (2012) 
regarding the similarity in the recommendation of the 
genotypes by these methodologies. 

Also in the comparison of the estimates of the 
algorithms of the non-parametric methods, it is observed 
that Huehn’s (1990) parameters S1, S2, and S3 have a 
high agreement (P < 0.01) with each other, and 
associated with Kang and Phan’s (1991). Additionally, S1 
and S2 (r = 0.92) and Kang and Phan’s associated with 
S1 and S2 (r = 0.95) showed a noteworthy high correlation. 
Scapim et al. (2010) investigated the correlations 
between stability parameters of some methods such as 
those of Huehn (1990) and Kang (1988), aiming to 
identify the most reliable method to select popcorn 
cultivars. According to these authors, S1, S2,

 
and S3 

were correlated positively and significantly, indicating 
that only one of these statistics is sufficient for the 
selection of stable genotypes. 
 
 

Conclusion 
 

The genotypes that showed the highest dry matter yields 
were those of the greatest stability by Lin   and Binns’ 
and Annicchiarico’s method. These methods displayed a 
strong association with each other and produced similar 
genotypic classifications as to phenotypic stability, so it is 
recommended to use one or the other. Plaisted and 
Peterson’s (1959) and Wricke’s (1964) methods had a 
Spearman correlation of 1, indicating the same stable 
genotypes. Of the 73 genotypes with the greatest 
productivity and good stability parameters, it is 
concluded that the genotypes that showed to be the 
most promising for possible uses were King Grass, 
Taiwan A-46, Porto Rico 534-B, Gigante de Pinda, 
Australiano, and Guaçu/IZ. 
 
 

Conflict of interests 
 

The authors have not declared any conflict of interests. 
 
 

ACKNOWLEDGEMENTS 
 

The authors thank Fundação Carlos Chagas Filho de 
Amparo a Pesquisa do Estado do Rio de Janeiro 
(FAPERJ) for financing this research study. 
 
 
REFERENCES 
 
Annicchiarico P (1992). Cultivar adaptation and recommendation from 

alfalfa trials in Northern Italy. J. Genet. Breed. 46:269-278. 

 
 
 
 
Cruz CD (2013). GENES - a software package for analysis in 

experimental statistics and quantitative genetics. Acta Sci. Agron. 
35(3):271-276. 

Cruz CD, Regazzi AJ, Carneiro PCS (2012). Modelos Biométricos 
Aplicados ao Melhoramento Genético. (Vol. 1) In: editora, UFV(Ed.), 
Minas Gerais, Viçosa. P. 514. 

Cruz CD, Regazzi AJ, Carneiro PCS (2012). Modelos Biométricos 
Aplicados ao Melhoramento Genético, (Vol. 2) In : editora, UFV(Ed.), 
Minas Gerais, Viçosa. P. 668. 

Cruz CD, Regazzi AJ, Carneiro PCS (2014). Modelos Biométricos 
Aplicados ao Melhoramento Genético. (Vol. 2) In : editora, UFV(Ed). 
Minas Gerais, Viçosa. P. 668. 

Cunha RCV (2012). Análise de produção de forrageira de acessos de 
capim–elefante avaliados em Campos dos Goytacazes, Universidade 
Estadual do Norte Fluminense Darcy Ribeiro, Campos dos 
Goytacazes, RJ. P. 58.  

Daher RF, Pereira MG, Amaral Jínior AT, Pereira AV, Lédo FJS, Daros 
M (2003). Estabilidade da produção forrageira em clones de capim-
elefante (Pennisetum purpureum Schum.). Ciên. Agrotec. 27(4):788-
797.  

Flores RA, Urquiaga SS, Alves BJR, Collier LS, Boddey RM (2013). 
Yield and quality of elephant grass biomass produced in the 
Cerrados region for bioenergy. Engenharia Agrícola 32:831-839.  

Huehn M (1990). Nonparametric measures of phenotypic stability. Part 
1: Theory. Euphytica 47(3):189-194. 

Kang MS (1988). A rank-sum method for selecting high-yielding, stable 
corn genotypes. Cereal Research Communicationp. p. 113-115. 

Kang MS, Phan HN (1991). Simultaneous selection for high yielding 
and stable crop genotypes. Agron. J. 83:161-165.  

Köppen W (1948). Climatologia: con um estúdio de los climas de La 
Tierra. México: Fondo de Cultura Económica. 478p. 

Lin CS, Binns MR (1988). A superiority measure of cultivar performance 
for cultivar x location data. Can. J. Plant Sci. 68(1):193-198.  

Menezes BRF, Daher RF, Gravina GA, Amaral Junior AT, Oliveira AV 
de, Schneider LSA, Silva VB (2014). Correlações e análise de trilha 
em capim-elefante para fins energéticos. Rev. Bras. Ciênc. Agrárias 
9(3):465-470. 

Morais RF, Souza BJ, Leite JM,  Soares LHB, Alves BJR, Boddey RM,  
Urquiagas S (2009). Elephant grass genotypes for bioenergy 
production by direct biomass combustion. Pesqui. Agropecuária 
Bras. Bras. 44(2):133-144. 

Oliveira MLF, Daher RF, Gravina GA, Silva VB, Viana AP, Rodrigues 
EV, Shimoya A, Amaral Júnior AT, Menezes BRS, Rocha AS (2014). 
Pre-breeding of elephant grass for energy purposes and biomass 
analysis in Campos dos Goytacazes- RJ Brazil. Afr. J. Agric. Res. 
9(36):2743-2758.  

Peluzio JM, Fidelis RR, Giongo PR, Cardoso J, Capellar D, Barros HB 
(2010). Análise de regressão e componentes principais para estudo 
da adaptabilidade e estabilidade em soja. Scientia Agraria 9(4):455-
462. 

Pimentel-Gomes F, Garcia CH (2002). Estatística aplicada a 
experimentos agronômicos e florestais: Exposição com exemplos e 
orientações pra uso de aplicativos. Piracicaba: Fealq. 309p. 

Plaisted RL, Peterson LC (1959). A technique for evaluating the ability 
of selections to yield consistently in different locations and seasons. 
Am. Potato J. 36:381-385. 

Rossi DA, Menezes BRS, Daher RF, Gravina GA, Lima RSN, Lédo FJ 
S, Gottardo RD, Campostrini E, Souza CLM (2014). Canonical 
correlations in elephant grass for energy purposes. Afr. J. Biotechnol. 
13(36):3666-3671.  

Scapim CA, Pacheco CAP, Amaral Júnior AT, Vieira A, Pinto RJB, 
Conrado TV (2010). Correlations between the stability and 
adaptability statistics of popcorn cultivars. Euphytica 174:209-218. 

Steel RGD, Torrie JH (1996). Principles and Procedures of Statistics: A 
Biometrical Approach. 2th ed. New York McGraw-Hill Kogakusha.  

Wricke G (1964). Zur Berechnung der Ökovalenz bei Sommerweizen 
und Hafer. Zeitschrift für Pflanzenzüchtun 52(91):127-138. 

Yates F, Cochran WG (1938). The analysis of groups of experiments. J 
Agric. Sci. 28:556-580.  


