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ABSTRACT

The objectives of this study were to determine the importance of simple and complex components of the interaction

genotype × environment and to evaluate the adaptability and stability of Gália melon hybrids. Nine hybrids were

tested in twelve environments of Rio Grande Norte State from 2000 to 2001. The experiments were carried out in a

randomized complete block design with three replications. The statistical methods of Toler and Burrows, Wricke and

AMMI (Additive Main effect and Multiplicative Interaction) were used to study the adaptability and stability. The

complex component is responsible for most of the genotype × environment interaction for the yield and content of

solids soluble of fruits. The environments associated with Mossoró and Assu municipalities are the most suitable to

evaluate melon hybrids in the state. The hybrid DRG 1537 was the most likely to be grown in the Agro-industrial

Complex Mossoró-Assu due to its stability, high productivity and high content of soluble solids.

Key words: Cucumis melo, genotype × environment interaction, AMMI analysis, non-linear grouping protocol,

hybrids.

INTRODUCTION

The Mossoró-Assu Agro-industrial Complex situated in

Rio Grande do Norte State is the Brazilian leading pro-

ducer and exporter of melons (FNP 2008). The melon

crop also plays a major social role by employing be-

tween 15,000 and 20,000 people. Climatic conditions

such as intense sunlight – about 3,000 hour.year−1 –

and low rainfall indicators – excepting the January-May

period once it is the “rainy season” – in association with

the use of high technology by the production sector,

place the state in a very important position in the na-

tional agribusiness (Nunes et al. 2005).

Most of the melon fruits that grow in the Mos-

soró-Assu Agricultural Complex belong to the inodorus

group. Nonetheless, in order to provide the market
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with a wider variety of the product, many commercial

growers have been cultivating the Gália-type melon.

This type of melon is a commercial class developed in

the seventies at the Newe Ya’ar Research Center of Is-

rael’s Agricultural Research Organization. The charac-

teristics of this melon type are: round-shaped fruits of

yellow color, yellow-green flesh, smooth netting, aroma,

weight ranging from 1,00 to 1,50 g, soluble solids con-

tent between 13 and 15%, yield around 35 to 50 t.ha−1,

and post-harvest life between 14 and 20 days (Karchi

2000). About 6.0% of the melon exported through the

port of Natal belongs to the Gália type (Sales Júnior et

al. 2006). The growers’ intention is to increase the area

under cultivation with this type of melon due to its high

value at the international market.

To attend the production sector demand, seed

companies have been developing cultivars of the Gália
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type by introducing new hybrids on a yearly basis.

However, to choose any of these hybrids that grow in

Europe and America – without any prior evaluation of

the yield and quality of their fruits – can jeopardize the

trade between Brazil and the international market once

European consumers are very concerned about the qual-

ity of the fruits they eat (Nunes et al. 2004).

Due to distinct environmental conditions in which

melon hybrids are grown in Rio Grande do Norte State,

a significant genotype × environment interaction is ex-

pected to occur, and this interaction plays an important

role on phenotypic expression. The interaction genotype

× environment derives from the typical performance of

the genotypes in different environments, thus indicating

that the best cultivars in one environment may not per-

form likewise in another (Rezende 2002).

When an interaction is noticed, it is vital to try to

reduce its effect. One of the options to do this is to use

genotypes with phenotypic stability. To identify stable

hybrids, various methods have been suggested, which

differ from one another in their concepts of stability,

imposed restrictions and biometrical procedures for

estimation (Cruz and Regazzi 1994, Kang 1998).

The most commonly used methods are those based

on linear regression with just one (Finlay and Wilkin-

son 1963, Eberhart and Russel 1966) or two line seg-

ments (Verma et al. 1978, Silva and Barreto 1985, Cruz

et al. 1989). Toler and Burrows (1998) suggested a

non-linear regression model for the parameters, which

overcomes the problems related to the estimation of

the environmental ratio and shows the testing of more

rigorous hypotheses for the patterns of response. It al-

lows the classification of hybrids under various groups,

thus making it a promising method for the study of

adaptability and stability. This method has been used

to study crops such as beans (Rosse and Vencovsky

2000), sugarcane (Rosse et al. 2002), eucalyptus (Nunes

et al. 2002), melon (Nunes et al. 2006) and soybean

(Morais et al. 2008).

Many authors have used multivariate techniques

such as the AMMI (Additive Main effects and Multi-

plicative Interaction) analysis (Gabriel 1971), one of the

most used models of this kind (Oliveira et al. 2003). This

method combines statistical techniques such as analysis

of variance and analysis of principal components to ad-

just the main effects (genotypes and environments) and

the effects of the genotype × environment interaction,

respectively (Gollob 1968, Duarte and Vencovsky 1999,

Fan et al. 2007). The AMMI model can help not only

to identify superior genotypes widely adapted, but also

to carry out the so-called agricultural zoning for the

purposes of regionalized recommendation and selection

of evaluation locations (Gauch Jr 2006).

Thus, the objectives of this study were to deter-

mine the importance of simple and complex components

of the interaction genotype × environment and to evalu-

ate the adaptability and stability of Gália melon hybrids

in Rio Grande do Norte State, Brazil.

MATERIALS AND METHODS

The experiments were conducted in twelve environ-

ments in the municipalities of Mossoró, Baraúna, Assu

and Alto do Rodrigues at the Mossoró-Assu Agro-in-

dustrial Complex. The experiments were carried out

from August to October 2000, 2001 and 2002 (Table I)

in a randomized complete block design with three rep-

lications. Nine simple, andromonoic hybrids of melon

type Gália named Arava, DRG 1531, DRG 1537, Ga-

lileu, GPS 400, Num 1502, Solar King, Solarbel and

Supra were evaluated.

The plots were double row, 5.0 meters long and

2.0 meters wide. Plants were placed 0.5 m apart, one

plant per hole. Each plot had 20 plants. Therefore, the

harvest area consisted of 16 central plants in the rows.

A drip system was used to irrigate and fertilize the

crop. The drip tubes with emitters were placed 0.5 m

apart, and flow rate of 300 m3 ha−1 were placed 2.0 m

apart between rows. The plants were 5.0 cm far from

the drip tubes. The irrigation was made two times daily.

The information on fertilizers and other cultural prac-

tices is shown in Table II.

The traits evaluated were: yield (t ha−1) and solu-

ble solids content (%). Both traits have been pointed out

by growers of the Mossoró-Assu Agro-industrial Com-

plex as the most important ones. The yield was obtained

through the sum of the weight of all fruits harvested

per plot. The fruits were individually weighed on an

electronic scale (from 0 to 25 kg). The results were ex-

pressed in t ha−1. The total soluble solids content was

determined by refractometer using filtered juice from
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TABLE I
Environments, sites, years, geographic coordinates, height, rainfall, relative humidity (RH),

mean maximum temperature (Tmax) and mean minimum temperature (Tmin) over the period
of conducting the experiments in each environment for evaluation.

Environments Locations Years
Geographical Height Rainfall RH Tmax Tmin

coordinates (m) (mm) (%) (◦C) (◦C)

MO-00 Mossoró 2000 5◦11′ S 18 60.0 60.2 32.3 27.66

MO-01 2001 37◦21′ W 0.0 63.4 31.2 28.37

MO-02 2002 0.0 63.4 30.2 28.27

BA-00 Baraúna 2000 5◦05′S 94 39.8 61.2 34.2 27.64

BA-01 2001 37◦38′ W 2.0 64.2 29.8 27.27

BA-02 2002 41.2 63.5 31.2 28.17

AS-00 Assu 2000 5◦34′ S 27 85.8 64.2 30.4 28.66

AS-01 2001 36◦54′ W 7.0 62.3 30.8 28.88

AS-02 2002 2.1 64.3 30.5 28.17

AR-00 Alto 2000 5◦20′ S 30 59.7 62.5 31.7 28.66

AR-01 Rodrigues 2001 36◦50′ W 0.0 53.8 33.2 29.01

AR-02 2002 0.0 54.6 34.1 28.54

melon flesh blended in a kitchen blender. The reading

was taken on a digital refractometer with automatic tem-

perature correction (scale from 0 to 32%).

An analysis of variance was done for each envi-

ronment, and then a joint analysis was performed for

all of them together. To decompose the genotype ×

environment interaction into simple and complex com-

ponents, analyses of variance were performed at every

two environments, totalizing 66 analyses of variances.

The method proposed by Cruz and Castoldi (1991)

was used to estimate the simple and complex parts. The

decomposition analysis of the hybrid × environment

interaction was carried out using the GENES software

(Cruz 2001).

The estimation of adaptability and stability para-

meters was performed using the methods proposed by

Toler and Burrows (1998) and Wricke (1965), and the

AMMI analysis (Gollob 1968, Gabriel 1971).

Two models are considered in Toler and Burrows’s

method (1998). Model 1 predicts a linear behavior of the

hybrids when facing environmental variations, whereas

model 2 is bisegmented. The least squares method un-

der non-linear models with the modified Gauss-Newton

algorithm was used.

After the adjustment of models 1 and 2, the crite-

rion for classifying the hybrids was used according to

the pattern of response in relation to the environments,

which are as follows: Group A: Hypothesis β1 = β2 is

rejected and β1 < 1 < β2 accepted; Group B: Hypo-

thesis β1 = β2 is accepted and H (β = 1) rejected,

β > 1 being the common; Group C: Hypothesis β1 =

β2 is accepted and H (β = 1) accepted; Group D:

Hypothesis β1 = β2 is accepted, and H (β = 1) re-

jected; β < 1 being the common; and Group E: Hypo-

thesis β1 = β2 is rejected and β1 > 1 > β2 accepted.

The practical meanings of the five groups are as

follows: A: convex response and double desirable; B:

simple linear response and desirable only in high quality

environments; C: simple linear response, not deviating

from the average response; D: simple linear response

and desirable only in poor quality environments; and

E: concave response and double undesirable.

The calculation of R2 corresponded to the square

of the correlation coefficient estimated from the values

observed for the hybrids and the values estimated

through the non-linear model for stability (Rosse and

Vencovsky 2000).

The method proposed by Wricke estimates the sta-

bility parameter Wi called ecovalence. The estimator of

Wi is expressed as follows:

Ŵi =
k∑

j=1

(
Yi j − Yi. − Y. j + Y..

)2
,

where: Ŵi = ecovalence estimator; Yi j = average of
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TABLE II
Environments, sowing, sowing fertilizing, side dressing, number of daily irrigations and number

of weedings in the experiments in each evaluated environment.

Environments Sowing
Sowing fertilizing Side dressing

Number of
Number of

(ha) (ha)
daily

weedings
irrigations

MO-00 TS1 12 t cattle manure,

400 kg KCl,

120 kg urea,

300 kg K2O and

90 kg P2O5

100 kg urea,

370 kg K2O and

70 kg P2O5

2 2

MO-01 TS 12 t cattle manure,

450 kg KCl,

120 kg urea,

300 kg K2O and

90 kg P2O5

100 kg urea,

370 kg K2O and

70 kg P2O5

2 2

MO-02 TS 12 t cattle manure,

400 kg KCl,

120 kg urea,

300 kg K2O and

90 kg P2O5

100 kg urea,

370 kg K2O and

70 kg P2O5

2 2

BA-00 TF 8 t cattle manure,

500 kg KCl,

90 kg urea,

250 kg K2O and

120 kg

P2O5

100 kg urea and

370 kg K2O

2 2

BA-01 TS 6 t cattle manure,

560 kg KCl,

90 kg urea,

250 kg K2O and

120 kg P2O5

100 kg urea and

380 kg K2O

2 3

BA-02 TF 8 t cattle manure,

500 kg KCl,

90 kg urea,

250 kg K2O and

120 kg P2O5

100 kg urea and

380 kg K2O

2 2

AS-00 TF 10 t cattle manure,

450 kg KCl,

120 kg urea,

450 kg K2O,

120 kg P2O5 and

100 kg Ca

100 kg urea and

380 kg K2O

2 2

AS-01 TF 8 t cattle manure,

450 kg KCl,

120 kg urea,

450 kg K2O and

120 kg P2O5

100 kg urea and

380 kg K2O

2 2
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TABLE II (continuation)

Environments Sowing
Sowing fertilizing Side dressing

Number of
Number of

(ha) (ha)
daily

weedings
irrigations

AS-02 TF 8 t cattle manure,

450 kg KCl,

120 kg urea,

450 kg K2O and

120 kg P2O5

100 kg urea and

380 kg K2O

2 2

AR-00 TF 12 t cattle manure,

450 kg KCl,

120 kg urea,

450 kg K2O and

120 kg P2O5

120 kg urea and

370 kg K2O

1 2

AR-01 TF 8 t cattle manure,

450 kg KCl,

120 kg urea,

450 kg K2O and

120 kg P2O5

120 kg urea and

370 kg K2O

1 3

AR-02 TF 8 t cattle manure,

450 kg KCl,

120 kg urea,

450 kg K2O and

120 kg P2O5

120 kg urea and

370 kg K2O

1 3

1TS: Transplanting seedlings after sowing in polystyrene trays; TF: Tillage in field. (MO-00: Mossoró 2000; MO-01,
Mossoró 2001; MO-02, Mossoró 2002; BA-00: Baraúna 2000; BA-01, Baraúna 2001; BA-02, Baraúna 2002; AS-00:
Assu 2000; AS-01, Assu 2001; AS-02, Assu 2002; AR-00: Alto do Rodrigues 2000; AR-01, Alto do Rodrigues 2001;
AR-02, Alto do Rodrigues 2002).

genotype i in environment j ; Yi. = average of genotype

i in environment k; Y. j = average of environment j ;

Y.. = overall average of environments.

The “Stability” software (Version 3.0 Build 13)

developed at the Departamento de Ciências Exatas of

the Universidade Federal de Lavras was used for the

estimation analyses of the stability parameters of the

methods proposed by Toler and Burrows (1998) and

Wricke (1965).

The described model used to explain the average

response of a hybrid i in an environment j , consider-

ing the effects of specific hybrids and environments and

according to the AMMI analysis, was:

yi j = μ + hi + a j +
n∑

k=1

λkγik + ρi j + εi j ,

where: yi j = average of hybrid i in environment j ;

μ = overall average; hi and a j = effects of hybrid i

and environment j , respectively; λk = single k value of

the interaction matrix G × E; γik and α jk = single k

values corresponding to genotype i and environment j ,

respectively; ρi j = residual of interaction G × E, εi j =

average experimental error, and n = number of principal

components kept in the model.

The selection of the AMMI model (number of

axes) was based on the F test by Gollob (Gollob 1968)

and Cornelius et al. (1992) at 1% probability. All of

these methods and analyses in the SAS/IML soft-

ware are described in detail by Duarte and Vencovsky

(1999). The coordinates of genotypes and environments

on the main axes of the interaction (IPC) were rep-

resented on a double plot graph, which describes the

stability and adaptability of the genotypes in the evalu-

ation environments.
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RESULTS AND DISCUSSION

There were significant effects of the hybrids, environ-

ments and interaction among these factors for yield of

fruits and soluble solids content of melon hybrids (Ta-

ble III). These results indicate that the heterogeneity of

the environments becomes evident, as well as the genetic

variability of the genotypes studied.

The interaction between hybrids and environments

indicates an inconsistent performance of the hybrids in

different environments (Ramalho et al. 1993). The geno-

type × environment interaction for these traits was previ-

ously observed in another trials of yellow melon hybrids

carried out in the municipalities of the Mossoró-Assu

Agro-industrial Complex (Gurgel et al. 2005, Nunes et

al. 2006), suggesting the need to evaluate the new geno-

types in different environments to insure that the best

ones are recommended for each particular area. In this

study, there was the predominance of the complex com-

ponent of interaction (Table III), which was also observed

by Nunes et al. (2006).

Quantification of the simple and complex compo-

nents of the interaction is important once it tells the plant

breeder about the degree of difficulty to select or rec-

ommend cultivars (Vencovsky and Barriga 1992). When

there is a predominance of the simple component, the

researcher’s job is made easier since the genotypic clas-

sification does not change. On the other hand, when the

complex component is more powerful, the recommen-

dation becomes difficult once there are genotypes that

are well adapted to specific environments. Nevertheless,

the plant breeder can explore the interaction genotype

× environment by selecting given genotypes for a given

environment or region, profiting from it and, in conse-

quence, raising the phenotypic value of the character. In

the particular case of the melon grown in the Mossoró-

Assu Agro-industrial Complex, such strategy cannot be

adopted since there is little participation of the growers

in the process. It must be pointed out that even when

the complex component of the interaction predominates,

it is possible to identify productive genotypes with wide

adaptation (Vencovsky and Barriga 1992).

The most common procedures to study adaptabil-

ity and stability are those using regression (Kang 1998).

The method of Toler and Burrows (1998) used in this

study, permits the choice of the model that best explains

the phenotypic performance of a genotype, whether uni

or bi-segmented. This technique also allows the geno-

type classification in five different groups, from A to E,

depending on the estimation for coefficients β1i e β2i

of the model. If β1i < 1 and β2i > 1, the genotype

is classified under group A, whereas the genotype with

β1i > 1 and β2i < 1 is classified under group E.

When only one line segment is enough to explain

the pattern of response of a genotype, it can be classi-

fied under group B, C or D according to the estimation

of common βi . If the value βi is significantly higher

than the unit, the genotype is grouped into B. If it is

lower than the unit, then the genotype is classified under

group D. If the estimation of βi is statistically equal to

the unit, the genotype falls into group C.

Solar King and Arava were the only hybrids whose

yield was explained by bi-segmented model (Table IV).

Solar King and Arava were classified under groups E

and A, respectively. The other hybrids followed the uni-

segmented model and were categorized into groups B

(Supra, Num 1502), C (DRG 1537, Galileu and So-

larbel) and D (GPS 400 and DRG 1531). Regarding

the soluble solids content, only the Solar King followed

the model with one line segment; all other hybrids fol-

lowed the bi-segmented model. Solar King was classi-

fied into group B; GPS 400, DRG 1531 and DRG 1537

into group A, whereas the others were classified into

group E. The genotypes classified under group E show

a high average to the traits studied in unfavorable envi-

ronments and do not respond to environmental quality

improvement, thus having a double undesirable perfor-

mance (Toler and Burrows 1998). Unfavorable environ-

ments use low technology, less fertilizer application or

no control of pests and diseases. The genotypes of group

A are characterized as being able to tolerate environ-

ments that are below average in quality and responded

to environmental quality improvement. The genotype

with these properties is described as a material with

double desirable response, and is recommended for en-

vironments that use low or high technology.

In the case of the genotypes with responses ex-

plained by only one line segment model, the interpreta-

tion of coefficient β is commonly similar to that

given by Eberhart and Russel (1966). When the esti-
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TABLE III
Analysis of the additive main effects and multiplicative

interaction for yield of fruit and soluble solids content of nine
hybrids of Gália melon assessed in twelve environments

of the Mossoró-Assu Agro-industrial Complex.

Sources of variation d.f.
Mean Square (Traits)

Yield Soluble solids

Block (Environment) 24 26.2050ns 2.1973ns

Environment (E) 11 919.6402** 46.3746**

Hybrid (H) 8 222.7621** 7.1776**

H × E 88 31.5280** 4.7564**

IPCA 1 18 75.5775** 16.3414**

(49.03%)(1) (70.27%)(1)

Error(AMMI 1) 70 20.2010ns 1.7774ns

IPCA 2 16 34.9947ns 2.9737ns

(20.18%)(1) (81.64%)(1)

Error(AMMI 2) 54 15.8177ns 1.4230ns

IPCA 3 14 29.0762ns 2.0463ns

14.67%(1) (88.49)(1)

Error(AMMI 3) 40 11.1772ns 1.2048ns

Pool error 192 20.4900 1.4700

Mean 27.21 11.34

CV(%) 16.65 10.71

Simple (%)(2) 35.29 44.31

Complex (%)(2) 64.71 55.69

ns: No significant. **: Significant at 1% probability by the FR test (Cor-
nelius) or F test (Snedecor). (1) Percentage of the sum of squares of geno-
type × environment interaction captured by the PCI (principal component of
interaction). (2) Contribution of simple and complex parts of genotype ×
environment interaction.

mative of coefficient β is equal to the unit, the geno-

types will indeed have a wide adaptation. When it is

higher than the unit, the genotypes will be specifically

adapted to high quality environments and associated

with high responsiveness. Finally, when the estimative

of coefficient β is lower than the unit, the genotypes will

be adapted to poorer environments and associated with

low responsiveness.

The DRG 1537 hybrid showed the smallest eco-

valence for yield whereas Galileu, Solarbel and DRG

1537 hybrids showed the smallest ecovalence estimates

for total soluble solids content (Table IV). The smaller

the ecovalence is, the smaller the contribution of the

genotype to the interaction and, therefore, the greater

is its stability (Wricke 1965).

Another technique that has been used to study ad-

aptability and stability is AMMI, a multivariate tech-

nique. According to this technique, the variation sources

are decomposed into additive effects of genotypes and

environments, and then the multiplicative effects of the

interaction are studied through the principal components,

thus allowing greater detailing of the sum of the inter-

action squares (Gauch Jr 2006).

By Gollob’s criterion and that of FR , the model se-

lected for both characteristics was the AMMI 1 model

whose residual was not significant (Table IV). In this

case, it is not recommended to include the remaining

axes to explain the interaction once they contain more

noise than the pattern, thus making it difficult to in-

terpret the adaptability and stability. Another result that
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TABLE IV
Estimates of the parameters of adaptability and stability of nine hybrids of Gália melon according to
the method of Toler (1990) and Wricke (1965) to the characteristics of yield and soluble solids content.

Hybrids Means β1i β2i β2i − β1i βi Groups R2 W(%)1

Yield (t ha−1)

Arava 30.29 0.87ns 1.82** 0.95* 1.39** A 95.15 18.85

DRG 1531 24.10 0.78ns 0.30** –0.48ns 0.53** D 82.27 14.18

DRG 1537 25.77 1.10ns 0.91** –0.19ns 0.99ns C 92.49 6.15

Galileu 27.56 1.22ns 0.41* –0.81ns 0.77ns C 79.22 12.29

GPS 400 23.72 0.71ns 0.71ns 0.01ns 0.71* D 86.80 9.14

Num 1502 30.12 0.76ns 1.65** 0.89ns 1.26* B 98.43 7.30

Solar King 26.36 1.87** 0.52ns –1.55** 0.99ns E 76.64 11.33

Solarbel 27.22 0.52ns 1.37ns 0.86ns 0.99ns C 91.91 8.91

Supra 29.82 1.88ns 1.51** 0.32ns 1.37** B 96.63 11.86

Soluble solids (%)

Arava 11.87 3.04** –0.65** –3.69** 0.89** E 94.26 14.44

DRG 1531 10.83 –5.03** 5.52** 18.01** 0.67** A 83.12 13.88

DRG 1537 11.05 –1.02* 2.00* 7.32** 0.82** A 86.55 5.49

Galileu 11.60 2.76** –0.32** –3.08** 1.10** E 88.23 5.89

GPS 400 10.75 –5.09** 5.64** 18.83** 0.59** A 86.85 15.15

Num 1502 11.87 2.88** –0.42** –3.30** 0.89** E 93.01 20.25

Solar King 11.10 0.47ns 1.67ns 12.67ns 1.25** B 63.80 12.52

Solarbel 11.18 4.75** –2.02** –6.75** 1.14** E 83.92 3.46

Supra 11.78 3.08** 0.27ns –2.81** 1.44** E 90.96 8.92

ns: No significant. * and **: Significant at 5% and 1% probability, respectively, by the test of t . 1: ecovalence (W%).

supports the decision to not include new axes is the

interaction percentages captured by the first principal

component (IPC 1) of both characteristics. For yield,

IPC 1 accounted for 49.03% of the interaction, whereas

for soluble solids content it accounted for 70.27%.

Double plot graphs will indeed be based on the aver-

age and score of the first principal component of each

hybrid, as proposed by Duarte and Vencovsky (1999).

One of the advantages of the AMMI technique is

the graphical representation, in which the scores of the

interaction effects for each genotype and environment

are plotted simultaneously. The interpretation of the

graph is done by observing the magnitude and score

sign of genotype and environment for the interaction

axes. Under AMMI 1 model, low scores near zero are

typical of genotypes and environments that contribute

very little to the interaction, being considered stable

(Ferreira et al. 2006). In this study, regarding the yield

and soluble solids content, although there was not

much variation, DRG 1537 and Solarbel were the most

stable hybrids (Figs. 1 and 2). It must be pointed out

that these hybrids showed low ecovalence (Table IV),

confirming their small participation in the interaction

of these genotypes.

When studying stability, average is an essential

parameter for the recommendation of a genotype. Ac-

cording to the growers, to make a profit the melon

yield must exceed 25 t ha−1. Taking into account this

minimum threshold, it is worth to say that the hybrids

GPS 400 and DRG 1531 did not reach the minimum

threshold. Supra, Num 1502 and Arava had the highest

yield (Fig. 1).

As for the soluble solids content, foreign sales

require values between 12 and 14%. However, fruits

An Acad Bras Cienc
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Fig. 1 – Biplot AMMI1: first principal component (PCI 1) × average yield of nine hybrids (1) from melon Gália evaluated in twelve environments

(•) of the Mossoró-Assu Agro-industrial Complex (MO-00: Mossoró, 2000; MO-01: Mossoró, 2001; MO-02: Mossoró, 2002; BA-00: Baraúna,

2000; BA-01: Baraúna, 2001; BA-02: Baraúna, 2002; AS-00: Assu, 2000; AS-01: Assu, 2001; AS-02: Assu, 2002; AR-00: Alto do Rodrigues,

2000; AR-01: Alto do Rodrigues, 2001; AR-02: Alto do Rodrigues, 2002).

with values between 10 and 13% have been sold at the

Natal harbor, Rio Grande do Norte, Brazil (Sales Júnior

et al. 2006). This situation proves to be favorable to

the growers since the average soluble solids content of

these hybrids were within the commercial range.

Among the evaluated hybrids, DRG 1537 was the

most stable in terms of yield and adaptation according

to the three mathematical methods used in this study.

The soluble solids content of DRG 1537 was consid-

ered stable under AMMI and ecovalence methods, but

was responsive to solids content according to Toler and

Burrows’s method (Toler and Burrows 1998). In addi-

tion, its average yield was higher than 25 t ha−1, and its

soluble solids content higher than 11.05%. It would be

the most recommended hybrid for the studied region.

The AMMI analysis also allows a study of the con-

tribution of environments to the interaction and helps

to select evaluation locations. A greater variation in the

hybrids yield was observed in the environments BA-01

(Baraúna 2001), AR-00 (Alto do Rodrigues 2000) and

AS-00 (Assu 2000). With lower IPC 1 values, these

are considered the most stable environments, whereas

AR-02 (Alto do Rodrigues 2002) was the most unsta-

ble environment (Fig. 1). In general, considering the

amplitude and magnitude of the scores for the three

years, the most stable locations were Mossoró, Assu

and Baraúna. Alto do Rodrigues was the most unstable

location. Assu was the location that showed the highest

yield for the three-year average (Fig. 1).

The variation of the scores of soluble solids con-

tents was smaller than the variation for yield (Figs.

1 and 2, Table V). MO-00 (Mossoró 2000), MO-02

(Mossoró 2002), BA-00 (Baraúna 2000), AS-01 (Assu

2001), AR-01 (Alto do Rodrigues 2001) and AR-02

(Alto do Rodrigues 2002) were the most stable envi-

ronments for soluble solids contents, whereas BA-01

(Baraúna 2001) and BA-02 (Baraúna 2002) were the

most unstable (Fig. 2). Mossoró, Assu and Alto do
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Fig. 2 – Biplot AMMI1: first principal component (PCI 1) × average of soluble solids content of nine hybrids (1) from melon Gália evaluated

in twelve environments (•) of the Mossoró-Assu Agro-industrial Complex (MO-00: Mossoró, 2000; MO-01: Mossoró, 2001; MO-02: Mossoró,

2002; BA-00: Baraúna, 2000; BA-01: Baraúna, 2001; BA-02: Baraúna, 2002; AS-00: Assu, 2000; AS-01: Assu, 2001; AS-02: Assu, 2002;

AR-00: Alto do Rodrigues, 2000; AR-01: Alto do Rodrigues, 2001; AR-02: Alto do Rodrigues, 2002).

Rodrigues were more stable in comparison to Baraúna,

which was the most stable location. The environmen-

tal stability tells us about the reliability of the genotype

sequencing in a given evaluation location regarding the

classification for the average of the tested environments

(Oliveira et al. 2003). Therefore, considering yield and

soluble solids content as well, the most suitable locations

to test melon hybrids were Assu and Mossoró. In these

two locations, the hybrid classification should show less

discrepancy in comparison to the overall average, thus

yielding a more reliable sequencing for the purposes of

recommendation.

CONCLUSIONS

The complex component accounts for most of the in-
teraction hybrid × environment for yield and soluble
solids contents of melon hybrids. The hybrid DRG
1537 was the most stable, productive, and presented
the highest soluble solids contents. For these reasons,

it is the most promising hybrid to be grown in the Mos-
soró-Assu Agro-industrial Complex.

RESUMO

Os objetivos deste estudo foram determinar a importância das

componentes simples e complexa da interação genótipo × am-

biente e avaliar a adaptabilidade e estabilidade de híbridos

de melão Gália. Nove híbridos foram testados em doze am-

bientes do Estado do Rio Grande Norte no período de 2000 a

2001. Os experimentos foram conduzidos em blocos comple-

tos casualizados com três repetições. Os métodos estatísticos

de Toler e Burrows, Wricke e AMMI (Additive Main effect

and Multiplicative Interaction) foram usados para estudar a

adaptabilidade e estabilidade. A componente complexa é res-

ponsável pela maior parte da interação genótipo × ambiente

para a produtividade e teor de sólidos solúveis dos frutos. Os

ambientes associados com Mossoró e Assu são os mais ade-

quados para a avaliação de melão híbrido. O híbrido DRG

1537 é o mais promissor para o cultivo no Complexo Agro-
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TABLE V
Predicted means of yield and soluble solids content of fruits by additive main effects and multiplicative

interaction with only the first principal component of interaction (AMMI 1) of nine Gália melon hybrids
evaluated in twelve environments of the Mossoró-Assu Agro-industrial Complex.

Hybrids

Environments
Arava

DRG DRG
Galileu

GPS Num Solar
Solarbel Supra Means

1531 1537 400 1502 King

Yield
(
t ha−1)

MO-00(1) 32.05 28.97 29.49 32.24 28.14 32.62 30.25 30.51 31.97 30.69

MO-01 28.48 24.42 25.30 27.75 23.73 28.82 26.00 26.45 28.28 26.58

MO-02 20.12 18.56 18.51 21.74 17.51 21.05 19.35 19.32 20.23 19.60

BA-00 27.11 26.07 25.83 29.22 24.95 28.17 26.70 26.56 27.29 26.88

BA-01 22.82 17.61 18.92 21.01 17.09 22.89 19.56 20.23 22.47 20.29

BA-02 22.38 20.53 20.59 23.72 19.52 23.24 21.42 21.44 22.46 21.70

AS-00 33.56 28.07 29.49 31.48 27.59 33.57 30.11 30.84 33.18 30.88

AS-01 39.26 31.22 33.58 34.78 31.11 38.66 34.06 35.29 38.56 35.17

AS-02 35.61 24.97 28.3 28.70 25.25 34.39 28.64 30.37 34.59 30.09

AR-00 29.29 21.72 23.91 25.26 21.55 28.80 24.42 25.55 28.65 25.46

AR-01 22.50 20.44 20.58 23.65 19.47 23.32 21.40 21.46 22.55 21.71

AR-02 50.26 26.61 34.78 31.12 28.78 45.97 34.39 38.66 47.61 37.57

Means 30.28 24.1 25.77 27.56 23.72 30.12 26.36 27.22 29.82 27.22

Soluble solids (%)

MO-00 9.97 9.38 9.48 9.86 9.28 9.93 9.62 9.51 9.94 9.66

MO-01 13.24 11.06 11.58 12.59 11.02 13.36 11.43 11.96 12.98 12.14

MO-02 11.81 10.37 10.69 11.41 10.30 11.86 10.68 10.92 11.66 11.08

BA-00 12.95 11.49 11.82 12.54 11.42 12.99 11.80 12.05 12.79 12.21

BA-01 6.85 13.21 11.48 9.11 12.83 6.16 12.88 10.01 7.90 10.05

BA-02 14.81 12.36 12.95 14.07 12.33 14.95 12.74 13.39 14.50 13.57

AS-00 13.78 10.70 11.45 12.82 10.70 13.97 11.14 12.03 13.37 12.22

AS-01 13.06 12.33 12.47 12.90 12.24 13.03 12.58 12.54 13.02 12.68

AS-02 10.50 8.84 9.22 10.02 8.78 10.56 9.16 9.49 10.31 9.65

AR-00 12.24 9.05 9.84 11.25 9.06 12.45 9.50 10.44 11.82 10.63

AR-01 12.41 11.74 11.86 12.27 11.64 12.38 11.98 11.91 12.38 12.06

AR-02 10.78 9.45 9.74 10.42 9.38 10.81 9.75 9.94 10.64 10.10

Means 11.87 10.83 11.05 11.60 10.75 11.87 11.10 11.18 11.78 11.34

(1) (MO-00: Mossoró 2000; MO-01, Mossoró 2001; MO-02, Mossoró 2002; BA-00: Baraúna 2000; BA-01, Baraúna 2001;
BA-02, Baraúna 2002; AS-00: Assu 2000; AS-01, Assu 2001; AS-02, Assu 2002; AR-00: Alto do Rodrigues 2000; AR-01,
Alto do Rodrigues 2001; AR-02, Alto do Rodrigues 2002).
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industrial Mossoró-Assu, devido à sua estabilidade, alta pro-

dutividade e alto teor de sólidos solúveis.

Palavras-chave: Cucumis melo, interação genótipo × am-

biente, análise AMMI, protocolo de agrupamento não-linear,

híbridos.
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