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Abstract 

The objective of this work is to evaluate the adaptability and phenotypic stability of the RB sugarcane genotype 
using the AMMI method. The experiments were performed in five production units in the state of Pernambuco, 
in cultivars of sugarcane soca and ressoca, using 14 RB sugarcane genotypes—11 RB clones of series 2004 and 
three cultivars as controls. Each combination of production unit × cutting was considered as environment, for a 
total of 13 environments. The experimental design was with random blocks, and four repetitions. We estimated 
the parameters tons of sugarcane per hectare (TCH) and tons of pol per hectare (TPH). The genotype G12 
displayed general adaptability, phenotypic stability and high productivity for the two parameters. The genotypes 
G10, G13 and G14 had the highest yield, largest contribution of G×E, indicating specific adaptability. The 
environments A12 and A13, in Primavera, are recommended for preliminary selection trials.  

Keywords: interaction genotype × environment, plant improvement, Saccharum spp. 

1. Introduction 

Brazil has been the world’s largest producer of sugarcane for the last 30 years (FAO, 2015). The production of 
sugarcane anticipated for the 2017/2018 season is 647.6 million tons of cane, 38.7 million tons of sugar and 
26.45 billion liters of ethanol (CONAB, 2017). Such results are mainly due to the genetic improvement of the 
species and the identification of genotypes with better productivity, high quality and adapted to the diverse 
edaphoclimatic conditions (Silva et al., 2011).  

For cultivar guidance, it is necessary to perform competition trials in diverse environments and evaluate the 
magnitude of the genotype × environment interaction (G×E). The influence of the interaction (G×E) on the 
performance of the genotypes is of utmost importance, knowing that each genotype has an inherent capacity to 
respond to environment to environment changes (Pinto et al., 2011). This phenomenon represents a barrier to 
selection and to cultivar guidance (Andrade et al., 2013). In order to minimize such effects, breeders have to 
provide guidance for cultivars with large adaptability and good stability—or regional guidance—since positive 
interaction associated with environmental predictability represents an opportunity for commercial use 
(Vasconcelos, Reis, Cruz, Sediyama, & Scapim, 2010).  

Adaptability is the capacity of the genotype to respond positively to the improvement of the environment, and 
stability is the capacity to maintain the expected performance with environment changes (Cruz, Carneiro, & 
Regazzi, 2014). The quality of the cultivars is the result of scientific knowledge accumulating over the years, 
mainly through competition work, and of statistical methodology used for analysis, which allows to optimally 
allocate genotypes to various environments (Pereira et al., 2009). 

In litterature are found various statistical models suited for analyzing the adaptability and phenotypic stability. 
The most common are based on variance analysis, non-parametric statistics, simple linear regression analysis, 
mixed models and multivariate analysis (Silveira et al., 2012). The AMMI model (Additive Main Effects and 
Multiplicative Interaction Analysis), combines the univariate and multivariate methods, considering the main 
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genotype and environment effects as additive components and the effect of the interaction as multiplicative 
(Silva et al., 2011). It uses variance analysis and the deconvolution of individual values, in a unified way to 
evaluate trials of multiple yield (Silveira et al., 2013).  

This method allows to identify high-yield and largely-adapted genotypes; to realize agronomic zoning; to select 
test locations; to explore the positive effects of the interaction; to eliminate the noise of the interaction and 
present the results of the analysis in a unique biplot graphic providing easy interpretation (Duarte & Vencovsky, 
1999). There are countless literatures on adapatability and stability using the AMMI model: Guerra et al. (2009), 
Silva et al. (2011), Silveira et al. (2012), Souza, Bastos, Anunciação Filho, Dutra Filho, and Machado (2012), 
Verissimo, Silva, Aíres, Daros, and Panziera (2012), Andrade et al. (2013), Fernandes Júnior et al. (2013), 
Silveira et al. (2013), Dultra Filho, Júnior, and Simões Neto (2015), Antunes, Schöffel, Silva, Eicholz, and 
Harter (2016).  

The objective of this work is to evaluate the adaptability and phenotypic stability of sugarcane RB genotypes 
using the AMMI (Additive Main Effects and Multiplicative Interaction Analysis) method. 

2. Material and Methods 

Fourteen sugarcane genotypes, 11 RB clones of series 2004 (G1 to G11) and three cultivars (G12 to G14) 
RB863129, RB867515 and BR92579 as controls. The experiments were performed in five production units in 
Zona da Mata de Pernambuco, with cane plantings soca (ratoon cane—1st season) and ressoca (ratoon cane—2nd 
season). Each combination production unit/cutting was considered as an environment, totalling 13 environments 
(Table 1). Phenotypic data of production seasons 2010/2011, 2011/2012 and 2012/2013 were analyzed, derived 
from evaluation experiments of sugarcane clones planted by Estação Experimental de Cana-de-açúcar do 
Carpina (EECAC), performed by Rede Interuniversitária para o Desenvolvimento do Setor Sucroenergético 
(Ridesa), and made available by the Programa de Melhoramento Genético da Cana-de-açúcar (PMGCA) of 
Universidade Federal Rural de Pernambuco (UFRPE).  

 

Table 1. List of the 13 environments where the 14 sugarcane genotypes were tested 

ID2 Municípality1 Geographic Coordinates Production Unit3 Season Cycle (cutting) 

A1 Rio Formoso 08°39′49″S; 35°09′31″W Cucaú 2010/2011 Plant 

A2 Rio Formoso 08°39′49"S; 35°09′31″W Cucaú 2011/2012 Soca 

A3 Rio Formoso 08°39′49"S; 35°09′31″W Cucaú 2012/2013 Ressoca 

A4 Camutanga 07°25′37''S; 35°14′56″W Central Olho D'água 2010/2011 Plant 

A5 Camutanga 07°25′37''S; 35°14′56″W Central Olho D'água 2011/2012 Soca  

A6 Camutanga 07°25′37''S; 35°14′56″W Central Olho D'água 2012/2013 Ressoca 

 

The experiments were designed with completely randomized blocks, with four repetitions. The experimental plot 
was composed of five rows of 8 meters length, 1 meter wide, for a total area of 40 m².  

Planting occured in July 2010, using the standard planting system, with hand distribution of cane seeds, with 
three buds, along the grooves, at a depth of 30 to 40 cm, for a total of 18 buds m-1. The management of weed 
control, pests and diseases was performed following recommendations for cane cultivation, and fertilizer added 
according to the soil chemical analysis in each location. The harvest of cane-plants was done at 15 months, 
first-ratoon and second-ratoon at 12 months, respectively. The evaluated parameters were tons of cane per 
hectare (TCH), calculated by transforming the total weight of the stalks in the plots into tons per hectare, and 
tons of pol per hectare (TPH) obtained by multiplying TCH by the apparent saccharose percentage (PC), the 
latter estimated by the sampling of 10 canes per plot, as described by Fernandes (2003).  

Individual variance analysis for each location was done according to the model Yij	= μ	+	Gi	+	Bj	+	εij, where, Yij 
is the observed value of the i-th genotype in the j-th block; μ is the general mean of the experiment; Gi is the 
effect of the i-th genotype; Bj is the effect of the j-th block and εij is the random error associated to the 
observation Yij. Right after that, the global analysis was performed considering the effect of the genotype as 
fixed and the environment as random, following the model Yijk	= μ	+	Gi	+	Aj	+	GAij	+	εijk, where, Yijk is the 
observed value of the k-th block for the i-th genotype in the j-th environment; GAij is the effect of the interaction 
of the i-th genotype with the j-th environment and εijk is the random error associated to the observation Yijk.  

According to Pimentel (2000), when the ratio between the largest and smallest square residual mean (QMr) is 
lower than seven, these are homogenous. Nonetheless, due to the lack of homogeneity, we adjusted the freedom 
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degrees of the mean error and of the interaction (G×E) according to the method of Cochran (1954). The 
significant effect of the G×E interaction indicated by the F test in the global variance analysis revealed a 
differential performance of the genotypes in relation to environment variation.  

The adaptability and phenotypic stability was estimated with the AMMI model (additive main effects and 
multiplicative interaction analysis). According to the model described by Duarte and Vencovsky (1999): 
γij	=	μ	+	gi	+	aj	+	 ∑ λkγikαjk	+	ρij	+	εij

n
k=1 , where, Yij is the mean response of genotype i in the environment j; μ is 

the general mean; gi is the fixed effect of genotype i; aj is the random effect of environment j. The interaction is 
modeled by parameters: λk is the singular value of the k-th principal component of the interaction (IPCA); yjk is 
the singular value of the j-th environment in the k-th IPCA; αik is the singular value of the i-th genotype in the 
k-th IPCA; ρij is the residue of the G×E interaction, the AMMI residue (noise present in the data); εij is the mean 
experimental error; k is the index which refers to the principal axes of the principal components evaluation (ACP) 
applied to the matrix of the interaction (G×E); n is the number of axes or principal components selected for 
describing the pattern of the interaction.  

The AMMI analysis generates a family of models AMMI0, AMMI1, AMMIF in accordance with the number of 
axes used, however, a few first terms are sufficient to explain the interaction (Duarte & Vencovsky, 1999). The 
sum of the squares of the interaction (SQG×A) was decomposed into eleven (IPCA), however, the models AMMI1 
and AMM2, were preferred for the interpretation and visualization of the results. The interpretation of the biplot 
graphic was performed according to Duarte and Vencovsky (1999), the points closest to the zero axis (AMMI1), 
or close to the origin (AMMI2) were classified as the more stable genotypes and environments, which less 
contributed to the interaction; the evaluation of the high productivity was based on the means of the principal 
effects, present in the AMMI1 biplot; for this same analysis in the biplot AMMI2, it was necessary to do the 
ranking of the genotypes based on the first graphic.  

The variance analysis on adaptability and phenotypic stability was performed using the software GENES (Cruz, 
2013). 

3. Results and Discussion 

The global variance analysis revealed highly significant differences (P ≤ 0.01), according to the F test, between 
the genotypes (G), environments (E) and the interaction G×E, for tons of sugarcane per hectare (TCH) and tons 
of pol per hectare (TPH) (Table 2). The magnitude of the variation for environments was higher than from other 
sources, which indicates that those were the most relevant in on tributing to the variation in productivity. Mattos, 
Oliveira, Bespalhok Filho, Daros, and Veríssimo (2013) reported that in multi-environmental trials, the 
environments explain the largest proportion of the variation. The significant interaction G×E revealed differences 
in the genotypes performance in response to changes in environment, justifying the use of the adaptability and 
stability analysis. Veríssimo, Silva, Aíres, Daros, and Panziera (2012) emphasized the importance of studying in 
detail the interaction for it to be controlled or used positively.  

 

Table 2. Summary of the variance analysis for tons of sugarcane per hectare (TCH) and tons of pol per hectare 
(TPH) of 14 sugarcane genotypes, tested in 13 environments in the sugarcane area of Pernambuco, with 
indication of the original G×E interaction according to AMMI model, 2017 

Source of Variation GL 
TCH 

Pr>F 
 

GL 
TPH 

Pr>F 
QM F QM F 

Genotype (G) 13 3,429.460 8.786 0.000 13 70.234 5.369 0.000 

Environment (E) 12 25,048.059 116.557 0.000 12 542.123 82.768 0.000 

G×E 87 390.325 1.816 0.012 71 13.079 1.997 0.006 

Residual 293 214.899 - - 237 6.549 - - 

Interaction G×E (means) 156 54.420 2.343 0.000 156 1.488 2.343 0.000 

IPCA1 (standard) 24 104.928 4.517 0.000 24 3.502 5.512 0.000 

Residual AMMI1 132 45.237 1.947 0.000 132 1.122 1.766 0.000 

IPCA 2 22 100.004 4.305 0.000 22 2.798 4.404 0.000 

Residual AMMI1 110 34.284 1.476 0.004 110 0.787 1.239 0.073 

Standard error/r 378 23.232 - - 378 0.635 - - 
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The means of the variables tons of cane per hectare (TCH) and tons of pol per hectare (TPH) were 64,17 t ha-1 
and 8,87 t ha-1, respectively (Table 3). These values are lower when compared with other reports using RB 
clones (Silveira et al., 2012; Fernandes Junior et al., 2013; Silveira et al., 2013; Antunes, Schöffel, Silva, Eicholz, 
& Harter, 2016), nevertheless, those differ in the series of clones, environments and seasons.  

The AMMI analysis recovers part of the sum of the squares of the interaction (SQG×A), called pattern (effect of 
genotypes and environments) and discard the noises (Gonçalves et al., 2010). As consequence, the first axes 
explain the largest proportion of the systematic variation originating from the data pattern and the other IPCAs 
containthe non-systematic variation, the “noise” which refers to unforeseeable and uninterpretable responses 
(Duarte & Vencovsky, 1999). The more IPCAs are used largest is the noise, nevertheless it reduces the prediction 
power of the AMMI analysis (Zobel, Wright, & Gouch, 1988). According to Guerra et al. (2009) evaluate the 
interaction using the biplot AMMI2 is nevertheless acceptable.  

The sum of the squares of the interaction (SQG×A) was decomposed into eleven principal components of the 
interaction (ICPAs). The models AMMI1 and AMMI2, were preferred for the interpretation and visualization of 
the results, since these explain 55% and 62% of the accumulated variance for TCH and TPH, respectively. These 
values were larger than those reported by Veríssimo, Silva, Aíres, Daros, and Panziera (2012), and Antunes, 
Schöffel, Silva, Eicholz, and Harter (2016) and similar to values found by Guerra et al. (2009), Silveira et al. 
(2012), Fernandes Junior et al. (2013), Mattos, Oliveira, Bespalhok Filho, and Darosand Veríssimo (2013), and 
Silveira et al. (2013).  

In the biplot AMMI1(A) for TCH, the genotypes G1, G8 and G12 positionned closest to the zero axis, display 
phenotypic stability. Nevertheless, the genotypes G10, G13 and G14 were found to be the most distant to the 
zero axis, indicating low predictability. Intermediate stability was observed for the genotypes G2, G3, G4, G5, 
G6, G7, G9 and G11, still, genotypes G6 and G11 stand out for higher than average productivity (Figure 1). In 
the biplot AMMI2(B) the phenotypic stability of genotypes G1 and G12 was confirmed, as well as intermediate 
stability for genotypes G2, G4, G7, G9 and G11 (Figure 1). Concerning phenotypic stability, the biplot 
AMMI1(A) for TPH confirms that genotypes G2, G4 and G12 poorly contributed to the interaction, since those 
which presented the largest score magnitude for the IPCA1 axis were G3, G5, G6, G9 and G14. An intermediate 
stability was observed for genotypes G1, G7, G8, G10, G11 and G13, an important characteristic, since these 
displayed good productivity. In the biplot AMMI2(B), the stability was confirmed for genotype G12, however, 
the intermediate stability was not confirmed for genotypes G10 and G13 (Figure 2). This positionning is an 
indication of their adaptative capacity in the tested environments (Duarte & Vencovsky, 1999).  
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Tabela 3. Means of tons of sugarcane per hectares (TCH) and tons of pol per hectare (TPH), predicted by the 
model AMMI2, of 14 sugarcane genotypes, tested in 13 environments, in the sugarcane area of Pernambuco, 
2017 

Tons of sugarcane per hectare (TCH) 

Environments 

Genotypes A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 Means

G1 89.11 57.29 55.02 69.54 67.02 26.41 87.90 61.02 43.94 98.36 38.96 78.04 60.44 64.27 

G2 90.82 63.95 66.20 63.33 65.11 29.02 79.37 51.13 31.35 100.92 35.74 78.31 55.95 62.26 

G3 62.82 40.81 45.79 67.44 59.04 27.12 72.30 48.77 37.55 85.71 32.11 67.84 55.31 54.69 

G4 60.39 32.74 36.10 47.79 38.59 14.52 67.87 41.17 25.58 83.38 22.80 62.17 41.79 44.93 

G5 77.66 52.83 52.52 71.90 73.87 21.69 72.08 48.11 34.32 83.19 29.51 65.90 55.84 56.72 

G6 101.67 65.92 63.35 64.98 60.02 30.53 96.79 66.72 45.15 111.73 44.67 87.82 61.95 69.71 

G7 91.04 61.10 58.60 70.82 69.90 24.51 82.67 56.20 38.80 94.53 35.63 74.78 59.06 62.96 

G8 104.71 68.81 66.35 63.35 65.22 30.60 96.48 65.70 42.83 113.47 44.43 88.75 61.15 70.00 

G9 92.15 60.87 56.16 68.24 67.98 17.87 78.59 51.98 33.71 89.09 30.36 69.63 54.98 59.37 

G10 118.53 79.97 67.97 83.85 79.98 23.83 98.18 70.66 50.09 101.59 43.12 82.45 69.12 74.86 

G11 96.51 65.75 60.21 81.30 85.60 25.54 86.72 61.70 45.84 93.00 38.63 75.48 65.22 67.47 

G12 99.40 62.87 55.01 76.55 78.70 23.59 94.63 67.95 50.43 98.09 41.11 79.03 64.74 68.45 

G13 91.43 56.73 52.27 80.66 79.94 32.78 101.17 75.52 61.16 103.74 48.94 85.13 70.87 72.39 

G14 95.22 53.17 47.06 66.25 68.12 27.98 107.44 78.09 59.22 111.33 48.67 88.73 64.79 70.32 

Means 90.81 58.77 55.90 69.71 68.50 25.42 87.30 60.33 42.85 97.72 38.19 77.43 60.08 64.17 

Tons of pol per hectare (TPH) 

Environments 

Genotypes A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 Means

G1 11.38 7.84 7.82 10.08 9.12 3.78 11.80 8.57 5.56 14.00 4.41 9.93 8.26 8.73 

G2 13.32 9.06 8.70 9.79 9.05 3.29 11.70 8.13 4.93 13.44 4.06 9.67 7.91 8.75 

G3 8.23 5.69 6.14 9.80 7.13 3.00 9.96 7.52 4.77 12.47 3.51 8.67 7.50 7.47 

G4 8.82 5.13 5.05 7.20 6.11 1.29 9.68 6.21 3.15 11.96 1.91 7.58 5.67 6.22 

G5 11.17 7.90 8.00 10.35 12.68 2.86 9.89 7.30 4.37 11.74 3.55 8.66 7.66 7.99 

G6 15.97 10.19 9.13 8.49 8.20 4.08 14.96 9.68 6.06 16.78 4.90 11.46 8.26 9.88 

G7 12.85 8.90 8.68 10.19 8.50 3.48 11.52 8.22 5.10 13.34 4.21 9.70 8.13 8.81 

G8 13.50 8.99 8.53 9.56 10.66 4.19 13.52 9.36 6.08 15.60 4.89 10.89 8.51 9.48 

G9 12.66 8.83 8.66 10.07 9.82 2.27 9.50 6.72 3.64 10.95 3.08 8.22 7.23 7.84 

G10 16.93 11.66 10.83 10.45 9.98 4.22 13.54 9.29 5.82 14.88 5.13 11.04 8.89 10.24 

G11 13.23 9.44 9.30 10.98 8.67 3.99 11.74 8.65 5.57 13.53 4.73 10.10 8.71 9.30 

G12 13.67 9.31 8.90 9.98 7.24 3.98 12.79 8.97 5.73 14.69 4.72 10.50 8.47 9.36 

G13 11.42 8.44 8.70 11.84 12.22 5.55 13.17 10.26 7.40 15.66 6.09 11.49 9.95 10.14 

G14 13.84 8.74 8.02 7.61 7.98 4.87 15.70 10.54 7.09 18.14 5.52 12.13 8.77 10.05 

Means 12.64 8.58 8.32 9.81 9.21 3.63 12.10 8.53 5.38 14.08 4.34 10.00 8.14 8.87 

 

For TCH, the two models AMMI1(A) and AMM2(B), showed an excellent performance for genotypes G1 and 
G12, with high stability and productivity, around and above the mean, respectively (Figure 1 and Table 3). The 
genotypes G8 and G14 had a similar productivity. However, the genotype G8 differed for the interaction in the 
biplots (Figure 1 and Table 3).  

Concerning stability, adaptability and productivity, for the two variables, genotype G12 looked the most 
promising in all tested environments (Figures 1 and 2). 

Genotypes G3, G4, G5 and G9 displayed the lowest yields for TCH as well as for TPH (Table 3). And, genotypes 
G10, G13 and G14 displayed the highest yields, these also had the higher score magnitude for the axis of the 
interaction (Table 3) and (Figures 1 and 2).Similar observations were reported by Fernandes Junior et al. (2013), 
and Antunes, Schöffel, Silva, Eicholz, and Harter (2016) when evaluating RB clones, finding high average 
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