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ABSTRACT: Cotton (Gossypium hirsutum L.) crop areas in the Northeast region of Brazil present high
edaphoclimatic variability, which contributes to a strong genotype versus environment interaction (G × E).
This situation requires the use of adaptability and stability methodologies to study G × E interaction before
the selection and recommendation of cultivars. Among these methodologies, the genotype + G × E (GGE)
biplot analysis has been currently used and highly recommended. Thus, the objective of this study was to
evaluate the G × E of cotton genotypes through GGE biplot analysis, focusing on the identification of adapted
and stable genotypes for the Semiarid region of the Northeast of Brazil. Four crop value and use tests were
conducted in the municipalities of Apodi, state of Rio Grande do Norte, and Barbalha, state of Ceará, Brazil,
in 2016 and 2017. A randomized block experimental design, with 17 treatments and four repetitions, was
used. The treatments consisted of 17 cotton genotypes. The variables evaluated were: cotton seed and fiber
yields. According to the analysis, the genotypes CNPA BA 2011-4436, CNPA BA 2011-1197, and CNPA BA
2010-1174 were stable and presented high adaptability to the evaluated region.
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Adaptabilidade e estabilidade fenotípica de linhagens
de algodoeiro herbáceo para as condições do semiárido nordestino
RESUMO: A cultura do algodoeiro (Gossypium hirsutum L.) na região do Nordeste brasileiro é submetida
a alta variabilidade edafoclimática, o que contribui para a ocorrência de forte interação genótipo versus
ambiente (G x A). Nessa situação, faz-se necessário o uso de metodologias de adaptabilidade e estabilidade
para o estudo da interação G x A antes da seleção e recomendação de cultivares. Dentre estas, a análise
genótipo + G x E (GGE) biplot se destaca como uma das mais recomendadas e usadas atualmente. O objetivo
deste estudo foi avaliar a interação genótipo versus ambiente (G × A) de linhagens finais de algodoeiro por
meio da metodologia GGE biplot, visando identificar genótipos adaptados e estáveis para as condições do
semiárido nordestino. Foram conduzidos quatro ensaios de valor de cultivo e uso nas cidades de Apodi, RN,
e Barbalha, CE, Brasil, nos anos de 2016 e 2017. O delineamento experimental foi de blocos casualizados,
com 17 tratamentos e quatro repetições. Os tratamentos foram constituídos de 17 genótipos de algodoeiro. As
variáveis avaliadas foram: produtividade de algodão em caroço e produtividade de fibra. A análise identificou
as linhagens CNPA BA 2011-4436, CNPA BA 2011-1197 e CNPA BA 2010-1174 como estáveis e com ampla
adaptabilidade para a região avaliada.
Palavras-chave: Gossypium hirsutum L., melhoramento, interação genótipo versus ambiente, produtividade
e análise GGE Biplot
Editor responsible: Hans Raj Gheyi
Ref. 222720 – Received 15 Apr, 2019 • Accepted 02 Oct, 2020 • Published 27 Oct, 2020

Phenotypic adaptability and stability of herbaceous cotton genotypes in the Semiarid region of the Northeast of Brazil

Introduction
Herbaceous cotton (Gossypium hirsutum L.), also known as
upland cotton among cotton fiber producers, has high global
importance, since approximately 60 countries in tropical and
subtropical regions consume and produce cotton, generating
employment and income (Dhivya et al., 2014).
Brazil is one of the main cotton fiber producers and
exporters in the world. Most cotton produced in Brazil is from
the states of Bahia and Mato Grosso; these two states had mean
cotton fiber yields of 1,800 and 1,662 kg ha-1 in the 2018/2019
crop season, respectively, making the country to reach a mean
yield of 1,717 kg ha-1 (CONAB, 2020)
The development of breeding programs that select cultivars
adapted to the conditions of the Semiarid region of the
Northeast of Brazil is essential for maintaining cotton yield
and increasing the competitive capacity of producers in this
region (Farias et al., 1997). Herbaceous cotton has tolerance to
droughts, which is important for semiarid regions. This crop is
essential for the regional development and generation of jobs
in the Brazilian Semiarid region, it results in different products
that can be used for different purposes within different sectors;
they can be marketed as fiber (textile industry), cotton seed
(biodiesel production, kitchen oil), and bran (animal feed)
(Zonta et al., 2016).
Detailed studies about adaptability and stability of cultivars
considering environmental variations and characters of
economic importance are needed for the safe recommendation
of genotypes for this region (Silva & Duarte, 2006). Thus, the
study of genotype versus environment interaction (G × E) are
required before the selection and recommendation of cultivars.
It is based on phenotypic stability and adaptability tests, and
assists on the selection of the best genotypes (Ramalho et al.,
2012; Carvalho et al., 2017).
GGE biplot analysis is a multivariate method that stands
out among the methodologies that adequately explain the main
effects of genotypes and environments and their interaction
(Yan et al., 2000). This methodology was used in several studies
on cotton crops (Farias et al., 2016; Silva Filho et al., 2017; Ali
et al., 2017; Xu et al., 2017; Riaz et al., 2018; Sadabadi et al.,
2018; Teodoro et al., 2018).
Thus, the objective of this study was to evaluate the G × E
of cotton genotypes in the Semiarid region of the Northeast
of Brazil, through GGE biplot analysis.

Material and Methods
The experiments conducted in the present study were part
of the cotton crop value and use tests of the Cotton Breeding
Program of the Brazilian Agricultural Research Corporation
(Embrapa Algodão) for the conditions of the Semiarid region
of the Northeast of Brazil. The experiments were conducted
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in 2016 and 2017 in the municipalities of Apodi, state of Rio
Grande do Norte, and Barbalha, state of Ceará, Brazil.
The municipality of Apodi is located at 5° 37’ 19” S and
37° 49’ 6” W and presents altitudes ranging from 128 to 132 m;
it is in the Chapada do Apodi microregion, Oeste Potiguar
mesoregion, state of Rio Grande do Norte, Brazil, at 342 km
distant from the state capital, Natal (IBGE, 2017). The mean
annual air temperature in Apodi vary from 21 to 37 °C; the
mean annual rainfall depth vary from 600 to 700 mm, with a
rainy season starting in autumn. The climate of the region is
BSwh, tropical semiarid, according to the Köppen classification
(Zonta et al., 2016).
The experiment was conducted at the experimental station
of the Agricultural Research Corporation of the State of Rio
Grande do Norte (EMPARN). The soil of the experimental
area was classified as a Typic Dystrudept of sandy-clay texture
(49% sand, 45% clay, and 6% silt). The soil textural and physical
attributes were analyzed at the Laboratory of Irrigation and
Salinity of the Agricultural Engineering Academic Unit of the
Federal University of Campina Grande (LIS-UAEA-UFCG),
using soil samples from the 0-40 cm layer.
The municipality of Barbalha is located at 7° 18’ 18” S
and 39° 18’ 7” W, with mean altitude of 414 m, in the Cariri
Cearense region, in the state of Ceará, Brazil. The climate of
the region is Aw, equatorial humid with dry winter, according
to the Köppen classification, presenting mean annual rainfall
depth of 1,047.9 mm (83.3% from January to April), mean
annual air temperature of 24.1 °C, and air relative humidity
of 63% (IBGE, 2017). The soil of the experimental area was
classified as a Typic Udorthent, of clay-loam texture; its textural
and physical attributes were analyzed in the same laboratory
(LIS-UAEA-UFCG), using samples from the 0-40 cm layer.
Soil fertilizing was applied to the two experimental areas,
according to technical recommendation to the crop, based on
the soil fertility analysis (Table 1).
The experiments were conducted in a randomized block
design with 17 treatments (genotypes) and four repetitions.
The genotypes and respective breeders are listed in Table 2. The
experimental plots consisted of two 5-m plant rows spaced 1.0
m apart (total area of 10 m2).
All plots were equally irrigated with 3-day intervals to
ensure the full establishment of plants; the irrigation water
depth was determined by the crop evapotranspiration. The
irrigation ended when the crop presented 60% opened bracts.
Other cultural practices were carried out from planting to
harvest, according to the production system recommended
by the Embrapa Algodão.
A sprinkler irrigation system was used for each location,
with flow of 1.49 m³ h-1, based on previous tests conducted by
Bezerra et al. (2010). The experimental plot consisted of two
5-m plant rows spaced 0.90 m apart. The plants were spaced
0.14 m apart in the rows, totaling 70 plants per plot.

Table 1. Chemical attributes of the soil 0-0.40 m layer in the experimental areas. Apodi, RN, and Barbalha, CE, Brazil

CEC - cation exchange capacity; OM - Organic matter
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Table 2. Genotypes used in the cotton crop value and use tests

y2εi2ρj2 - second principal component (PC2);
y1 and y2 - values associated with the IPCA1 and IPCA2,
respectively;
ε1 and ε2 - values of PC1 and PC2, respectively, of the
genotype i;
ρj1 and ρj2 - values of PC1 and PC2, respectively, of the
environment j; and,
εij - error associated with the model of the ith genotype
and jth environment.
The correlation between the highest and lowest residual
mean square of the individual analysis of variance was
evaluated before the joint analysis of the data. The value
found did not exceed the ratio 7:1, thus, the residual variances
were homogeneous and allowed for the joint analysis of the
experiments (Pimentel-Gomes, 2000).

The variables evaluated were cotton seed yield (CSY, kg ha-1)
and cotton fiber yield (CFY, kg ha-1). The data were obtained
and statistical analyses were carried out using the Genes
1990.2018.49 program (Cruz, 2013), and the Agricolae
and GGEGui packages were installed in the R program (R
Development Core Team, 2014) to plot the graphs with the
first and second principal components (PC1 and PC2) of the
GGE biplot analysis.
The joint analysis of variance was carried out according to
Ramalho et al. (2012), considering the effects of the genotypes
as fixed and the effects of the locations as random efects, using
Eq. 1:
b
Yij = m +   + g i + a j + ( ga )ij + eij
 a ka

(1)

where:
m - overall mean;
(b/a)ka - effect of the block k within the location a (k = 1,
2, 3, 4);
gi
- effect of the genotype i (i = 1, 2, ..., 17);
aj
- random effect of the location a (a = 1 a 4);
(ga)ij - effect of the interaction between the genotype i and
the location a; and,
eij - experimental error.
The CSY and CFY data were used for the adaptability and
stability analyses, considering each year-location combination
as an environment. Thus, the performance of the cotton
genotypes was evaluated in four environments: Apodi 2016
(E-1), Barbalha 2016 (E-2), Apodi 2017 (E-3), and Barbalha
2017 (E-4). The adaptability and stability of the genotypes
were evaluated through GGE biplot analysis using Eq. 2 (Yan
et al., 2000):
Yij − yi= y1εi1ρ j1 + y 2 εi2 ρ j2 + εij

The results of the joint analysis of variance are shown
in Table 3. The analysis showed that the genotypes and the
G × E had significant effects (p ≤ 0.01) on the characters
evaluated. The significantly different results of the genotypes
in the different environments indicated the need for a detailed
study of G × E, and enabled the application of studies on the
adaptability and stability of the genotypes.
The coefficients of variation in the joint analysis were
16.18% for cotton seed yield (CSY) and 16.72% for cotton
fiber yield (CFY), which are medium variances, below 20%,
according to Pimentel-Gomes (2000).
These variables are quantitative and, thus, very affected
by the environment. Therefore, variances of 10 to 20% are
expected. Similar variances were found for these variables in
experiments evaluating cotton crops, conducted by Farias et
al. (2016) and Carvalho et al. (2016).
The GGE biplot analysis was used to graphically represent
the 17 genotypes (G1 to G17) and 4 environments (E1 to E4)
evaluated, as shown in Figures 1A and B.
Figure 1A shows that 75.5% of the variance was explained
by PC1, and 19.14% by PC2. The graph of the GGE biplot
analysis explained 94.64% and 94.58% of the total variance of
G × E for CSY and CFY, respectively (Figure 1B). These results
are higher than the minimum percentage of explanation (70%)
recommended by Yan et al. (2000), and higher than those found
in other studies using GGE biplot analysis for cotton crops (Ng et
al., 2013; Farias et al., 2016; Ali et al., 2017; Teodoro et al., 2018).
Table 3. Joint analysis of variance for cotton seed yield (CSY)
and cotton fiber yield (CFY)

(2)

where:
Yij - mean yield of the population i in the environment j;
yj
- overall mean of genotypes in the environment j;
y1εi1ρj1 - first principal component (PC1);
R. Bras. Eng. Agríc. Ambiental, v.24, n.12, p.800-805, 2020.
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** - Significant at p ≤ 0.01 by the F test
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Environments: E1 - Apodi 2016, E2 - Barbalha 2016, E3 - Apodi 2017, E4 - Barbalha 2017. Genotypes: G1 - FM-993; G2 - BRS-286; G3 - BRS-336; G4 - CNPA-BA-2011-102; G5
- CNPA-BA-2011-4436; G6 - CNPA-BA-2011-1197; G7 - CNPA-BA-2011-1149; G8 - CNPA-BA-2010-1174; G9 - CNPA-BA-2011-4964-FL; G10 - CNPA-BA-2011-4970-FL; G11
- CNPA-MT-2009-152; G12 - CNPA-GO-2010-152; G13 - CNPA-GO-2010-139; G14 - CNPA-NE-2012-2008; G15 - CNPA-NE-2012-2050; G16 - CNPA-NE-2012-143-FL; G17 CNPA-NE-2012-5-1-1-COL

Figure 1. Genotype + genotype × environment (GGE biplot analysis) for cotton seed yield (CSY, kg ha-1) (A) and cotton fiber
yield (CFY, kg ha-1) (B) of 17 cotton genotypes in four environments
According to Hongyu et al. (2015), the straight line from
the biplot central point to the environment or genotype name
is called environment vector or genotype vector, and shows the
specific G × E of these vectors (performance of each genotype
in each environment). The environment E2 (Barbalha 2016)
significantly contributed to the interaction (more distant from

the center of the graph), followed by the environment E1
(Apodi 2016) and E4 (Barbalha, 2017), whereas environment
E3 (Apodi, 2017) had the lowest contribution.
The genotype distribution from the central point of the graph
was relatively homogeneous (Figures 1A and B). According to
Riaz et al. (2018), the stability zone corresponds to the central

Environments: E1 - Apodi 2016, E2 - Barbalha 2016, E3 - Apodi 2017, E4 - Barbalha 2017. Genotypes: G1 - FM-993; G2 - BRS-286; G3 - BRS-336; G4 - CNPA-BA-2011-102; G5
- CNPA-BA-2011-4436; G6 - CNPA-BA-2011-1197; G7 - CNPA-BA-2011-1149; G8 - CNPA-BA-2010-1174; G9 - CNPA-BA-2011-4964-FL; G10 - CNPA-BA-2011-4970-FL; G11
- CNPA-MT-2009-152; G12 - CNPA-GO-2010-152; G13 - CNPA-GO-2010-139; G14 - CNPA-NE-2012-2008; G15 - CNPA-NE-2012-2050; G16 - CNPA-NE-2012-143-FL; G17 CNPA-NE-2012-5-1-1-COL

Figure 2. Genotype + genotype × environment (GGE biplot analysis; mean × stability) for cotton seed yield (CSY; kg ha-1) (A)
and cotton fiber yield (CFY; kg ha-1) (B) of 17 cotton genotypes in four environments
R. Bras. Eng. Agríc. Ambiental, v.24, n.12, p.800-805, 2020.
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region of the biplot, in the intersection of zero in PC1 and PC2.
Thus, the CSY and CFY of the genotypes G5 (CNPA BA 20114436), G6 (CNPA BA 2011-1197), and G8 (CNPA BA 2010-1174)
were stable; and those of the genotypes G16 (CNPA NE 2012143 FL) and G17 (CNPA NE 2012-5-1-1 COL) were unstable,
presenting the highest distances from the center of the graph.
According to Gauch & Zobel (1996), the proximity of
genotypes to an environment in any area of the graph denotes
the specific adaptability of the genotype to that environment.
The genotypes G15 (CNPA NE 2012-2050), G11 (CNPA MT
2009-152), G1 (FM 993), and G10 (CNPA BA 2011-4970 FL)
were close to the environment E3 (Apodi 2017) (Figures 1A and
B). The formation of this group denotes that these genotypes
were the most adapted to that environment.
The production yield and stability of each genotype are
shown in Figures 2A and B. According to Yan (2011), the GGE
biplot (mean × stability) is an efficient tool to evaluate genotypes
in both aspects. The straight line with an arrow passing through
the biplot central point indicates the direction of the genotypes
with higher performances (Hongyu et al., 2015).
Therefore, the genotypes in the left to right direction
of the graph had the highest yields (CSY and CFY); these
genotypes were: G15 (CNPA-NE-2012-2050), G11 (CNPAMT-2009-152), G14 (CNPA-NE-2012-2008), G1 (FM-993),
G10 (CNPA-BA-2011-4970-FL), G2 (BRS-286), G7 (CNPABA-2011-4436), G5 (CNPA-BA-2011-4436), G6 (CNPABA-2011-1197), and G8 (CNPA-BA-2010-1174) (Figures 2A
and B). The least three (G5, G6, and G8), despite the average
production performance, were the genotypes that presented
the best stability and adaptability to the environments, since
they were closest to the central axis of the graph, as shown in
Figures 1A and B. The genotypes G16 and G17, located more
distant from the center and at the right of the graph, had the
lowest yields, considering the whole set of tests.

Conclusions
1. The cotton seed yield and cotton fiber yield of the
genotypes within the four environments evaluated were
different, denoting the existence of genotype-environment
interaction (G × E). E2 (Barbalha, 2016) was the environment
that most contributed to the interaction, and E3 (Apodi, 2017)
presented the lowest contribution.
2. CNPA-BA-2011-4436, CNPA-BA-2011-1197, and CNPABA-2010-1174 were the most promising genotypes, presenting
high production potential, adaptability, and stability. Therefore,
these genotypes are recommended for approval and launch of
cultivars focused on environments in the Semiarid region of
the Northeast of Brazil.

Acknowledgements
The authors thank the Conselho Nacional de Desenvolvimento
Científico e Tecnológico (CNPq) and the Coordenação de
Aperfeiçoamento de Pessoal de Nível Superior (CAPES) for
the financial support through study scholarships; and the
Graduate Program in Agricultural Sciences of the Universidade
Estadual da Paraíba and the Embrapa Algodão for supporting
this research.
R. Bras. Eng. Agríc. Ambiental, v.24, n.12, p.800-805, 2020.

Literature Cited
Ali, I.; Khan, N. U.; Mohammad, F.; Iqbal, M. A.; Abbas, A.; Farhatullah,
D.; Bibi, Z.; Ali, S.; Khalil, I. A.; Ahmad, S.; Rahman, M. Genotype
by environment and GGE-biplot analyses for seed cotton yield in
upland cotton. Pakistan Journal of Botany, v.49, p.2273-2283, 2017.
Bezerra, J. R. C.; Azevedo, P. V.; Silva, B. B. da; Dias, J. M. Evapotranspiração
e coeficiente de cultivo do algodoeiro BRS200 Marrom, irrigado.
Revista Brasileira de Engenharia Agrícola e Ambiental, v.14, p.625632, 2010. https://doi.org/10.1590/S1415-43662010000600009
Carvalho, L. P.; Farias, F. J. C.; Morello, C. L.; Teodoro, P. E. Uso da
metodologia REML/BLUP para seleção de genótipos de algodoeiro
com maior adaptabilidade e estabilidade produtiva. Revista Bragantia,
v.75, p.314-321, 2016. https://doi.org/10.1590/1678-4499.275
Carvalho, L. P.; Silva, J. I. R.; Farias, F. J. C. Seleção de linhagens
de algodão para alto teor de óleo. Pesquisa Agropecuária
Brasileira, v.52, p.530-538, 2017. https://doi.org/10.1590/s0100204x2017000700007
CONAB - Companhia Nacional de Abastecimento. Acompanhamento
da safra brasileira de algodão. Safra 2018/19 - Análise Mensal
(Maio/Junho 2020). Brasília: CONAB, 2020. 5p.
Cruz, C. D. GENES: software para análise de dados em estatística
experimental e em genética quantitativa. Acta Scientiarum.
Agronomy, v.35, p.271-276, 2013. https://doi.org/10.4025/
actasciagron.v35i3.21251
Dhivya, R.; Amalabalu, P.; Pushpa, R.; Kavithamani, D. Variability,
heritability and genetic advance in upland cotton (Gossypium
hirsutum L.). African Journal of Plant Science, v.8, p.1-5, 2014.
https://doi.org/10.5897/AJPS2013.1099
Farias, F. J. C.; Carvalho, L. P.; Silva Filho, J. L.; Teodoro, P. E. Biplot
analysis of phenotypic stability in upland cotton genotypes in
Mato Grosso. Genetics and Molecular Research, v.15, p.1-8, 2016.
https://doi.org/10.4238/gmr.15028009
Farias, F. J. C.; Ramalho, M. A. P.; Carvalho, L. P.; Moreira, A. N.; Costa,
J. N. Parâmetros de estabilidade propostos por Lin e Binns (1988)
comparados com o método da regressão. Pesquisa Agropecuária
Brasileira, v.32, p.407-414, 1997.
Gauch, H. G.; Zobel, R. W. AMMI analysis of yield trials. In: Kang,
M. S.; Gauch, H. G. (ed.). Interação genótipo por ambiente.
Boca Raton: CRC Press, 1996. Chap 4. p.85-122. https://doi.
org/10.1201/9781420049374.ch4
Hongyu, K.; Silva, F. L.; Oliveira, A. C. S.; Sarti, D. A.; Araújo, L. B.;
Dias, C. T. S. Comparação entre os modelos AMMI e GGE-Biplot
para os dados de ensaios multi-ambientais. Revista Brasileira de
Biometria, v.33, p.139-155, 2015.
IBGE - Instituto Brasileiro de Geografia e Estatística. Redes Geodésicas,
2017. Available on: <https://www.ibge.gov.br/geocienciasnovoportal/informacoes-sobre-posicionamento-geodesico/redegeodesica.html?redirect=1>. Acesso em: Out. 2017.
Ng, E. H.; Jernigan, K.; Smith, W.; Hequet, E.; Dever, J.; Hague, S.;
Ibrahim, A. M. H. Stability analysis of upland cotton in Texas.
Crop Science, v.53, p.1347-1355, 2013. https://doi.org/10.2135/
cropsci2012.10.0590
Pimentel-Gomes, F. P. Curso de estatística experimental. São Paulo:
Nobel, 2000. 466p.
R Development Core Team. R: A language and environment for
statistical computing. 2014. Disponível em: <http://softlibre.unizar.
es/manuales/aplicaciones/r/fullrefman.pdf>. Acesso em: Nov. 2018.

Phenotypic adaptability and stability of herbaceous cotton genotypes in the Semiarid region of the Northeast of Brazil
Ramalho, A. P. R.; Santos, J. B.; Abreu, A. F. B.; Nunes, J. A. R.
Aplicações da genética quantitativa no melhoramento de plantas
autógamas. 1.ed. Lavras: UFLA, 2012. 522p.
Riaz, M.; Farooq, J.; Ahmed, S.; Amin, M.; Chattha, W. S.; Ayoub,
M.; Kainth, R. A. Stability analysis of different cotton genotypes
under normal and water-deficit conditions. Journal of Integrative
Agriculture, v.17, p.2095-2104, 2018.
Sadabadi, M. F.; Ranjbar, G. A.; Zangi, M. R.; Tabar, S. K.; Zarini, H.
N. Analysis of stability and adaptation of cotton genotypes using
GGE Biplot method. Trakia Journal of Sciences, v.16, p.51-61,
2018. https://doi.org/10.15547/tjs.2018.01.009
Silva, W. C. J.; Duarte, J. B. Métodos estatísticos para estudo de
adaptabilidade e estabilidade fenotípica em soja. Pesquisa
Agropecuária Brasileira, v.41, n.1, p.23-30, 2006. https://doi.
org/10.1590/S0100-204X2006000100004
Silva Filho, J. L.; Suassuna, N. D.; Farias, F. J. C.; Lamas, F. M.; Pedrosa,
M. B.; Suassuna, T. M. F. Estratificação ambiental em algodão na
presença ou ausência de genótipos com alfa ecovalência. Crop
Breeding and Applied Biotechnology, v.17, p.32-39, 2017. https://
doi.org/10.1590/1984-70332017v17n1a5

805

Teodoro, P. E.; Farias, F. J. C.; Carvalho, L. P.; Nascimento, M.;
Peixoto, L. A.; Cruz, C. D.; Bhering, L. L. Identification of
Optimal Environments for cotton cultivars in the Brazilian
Cerrado. Agronomy Journal, v.110, p.1226-1232, 2018. https://
doi.org/10.2134/agronj2017.12.0750
Xu, N. Y.; Jin, S. Q.; Li, J. Ecological regionalization of national cotton
fiber quality in China using GGE biplot analysis method. The
Journal of Applied Ecology, v.28, p.191-198, 2017. https://doi.
org/10.13287/j.1001-9332.201701.017
Yan, W. GGE biplot vs. AMMI graphs for genotype by environment
data analysis. Journal of the Indian Society of Agricultural
Statistics, v.65, p.181-193, 2011. http://isas.org.in/jisas/jsp/
volume/vol65/issue2/06-Weikai%20Yan.pdf
Yan, W.; Hunt, L. A.; Sheng, Q. L.; Szlavnics, Z. Cultivar evaluation
and mega-environment investigation based on the GGE Biplot.
Crop Science, v.40, p.597- 605, 2000. https://doi.org/10.2135/
cropsci2000.403597x
Zonta, J. H.; Brandão, Z. N.; Sofiatii, V.; Bezerra, J. R. C.; Medeiros,
J. C. Irrigation and nitrogen effects on seed cotton yield, water
productivity and yield response factor in semi-arid environment.
Australian Journal of Crop Science, v.10, p.118-126, 2016.

R. Bras. Eng. Agríc. Ambiental, v.24, n.12, p.800-805, 2020.

