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ABSTRACT. : This work aimed to present the optimum environment number
methodology and propose the optimization of the National Sunflower Trials Network,
by means of the environments exclusion that do not provide loss of the environmental
variability already established. Grain and oil yield data of 16 genotypes evaluated at
16 environments of the National Sunflower Trials Network, obtained from trials
conducted out-of-season in 2012 and 2013 were used. An analysis was proposed
to establish the optimum environment number for genotypes evaluation, based on
genotype performance in the various environmental combinations. The removal or
maintenance of environments in the experimental network was dynamic, since different
environmental combinations impacted the representativeness of the complete network
in a different way. This analysis also provides a graphical view of the impact of the
environment removal from the network. Once detected points below the established
correlation, the researcher could infer about the network minimum environment
number and, suggest through consistent information of several testing years, the
environment exclusion.

Keywords: Helianthus annuus L., environmental stratification, experimental network.
Introduction

Sunflower (Helianthus annuus L.) is an annual plant, diploid (2n = 34),
alogamous and native to North America (Kaya, Jocic, & Miladinovic,
2012). Considered as one of the most important oil plants in the
world, more than 90% of its oil production is destined for human
consumption (Jocic, Miladinovic, & Kaya, 2015). The crop presents
important agronomic aspects such as broad range of drought, cold and
heat tolerances (Leite, Brighenti, & Castro, 2005), seeds with about 40%
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of high quality oil and 25% of protein, besides being rich in fiber and
possessing low caloric content (Paniego et al., 2007).

The main objectives of sunflower breeding are related to obtaining
stable cultivars with higher grain and oil yield for use in the production
of feed and oil extraction for human consumption (Nobre, Resende,
Brandio Junior, Costa, & Morais, 2012). In Brazil, hybrids and sunflower
varieties developed in different programs have been evaluated for grain
and oil yield by the National Sunflower Trials Network, coordinated
by Embrapa. The network established in different Brazilian states,
investigates the interaction between genotypes and environments (G x
E interaction) and enables the recommendation of adapted genotypes
to the different regions. Selection and recommendation of adapted
genotypes to the producing regions, tends to increase the success of
the crop, providing greater economic return (Porto, Carvalho, Pinto,
Oliveira, & Oliveira, 2009).

According to Ribeiro, Daros, Caires, and Vasconcellos (2011),
experimental networks establishment in different stations throughout
the country has been fundamental for the cultivars recommendation
and agricultural zoning of the crop, as well as providing information
about the yield potential in the different regions. The experimental
network makes it possible to identify the GxE interaction, since it
gathers information from many trials. The interaction significance allows
the study of two optics, the first of them, through adaptability and
stability analyzes to study genotype behavior throughout the different
environments (Grunvald et al., 2014). Or, in an environment point of
view, it is possible to perform the decomposition of the interaction in
its simple and complex fractions according to the proposition of Cruz
and Castoldi (1991) and then to stratify environments into groups whose
interaction was at most, simple.

However, in situations where the environments are quite
heterogencous, stratification is difficult, and it is not possible to
reduce expenses in breeding programs. Thus, a complementary and
inverse methodology to environment stratification, based on the optimal
environment number, could be applied in an experimental network to
reduce the tests performed. The initial idea is to consider all environments
clustered and carry out the environment removal, one by one, to form
smaller groups, involving a reasonable number of possible analyzes to
be carried out with appropriate computational resources. The different
environmental combinations would be tested by means of a statistic,
such as the mean or the Pi statistic of Linn and Binns (1988) and
plotted against a pre-established quality value. This value would be
the correlation established a priori with the complete experimental
network. From the dimensioning of this optimal number, it would be
possible to infer which environments could be excluded or maintained
in an experimental network and what would be the implication when
reducing the number of environments analyzed, as well as observing the
consistency of genotype recommendation.
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This work aimed to present the optimum environment number
methodology and propose the optimization of the National Sunflower
Trials Network, by means of the environments exclusion that do not
provide loss of the environmental variability already established.

Material and methods

Grain and oil yield (kg ha™) data from 16 genotypes (Table 1) evaluated
at 16 environments of the National Sunflower Trials Network (Table
2), coordinated by Embrapa, obtained from trials conducted out-of-
season in 2012 and 2013 were used. The experiments were carried out in
randomized blocks with four replicates. The plots consisted of four lines
of six meters in length each, with a useful area corresponding to the two
central lines, eliminating 50 cm at the ends. The cultural dealings were
carried out according to the recommended for the culture.

Joint analysis of variance were performed, considering the effect of
genotypes as fixed and of environments, random, according to Equation
1.

Table 1

Identification, name and, classification of sunflower genotypes

evaluated in the National Sunflower Trials Network.

Identification Genotype Classification Id* Genotype Classification
1 Dow M734 (T) Hybrid 9 BRSG34 Hybrid
2 HELIO 358 (T) Hybrid 10 BRS 315 Variety
3 Embrapa 122 (T) Variety 11 BRS G38 Hybrid
4 MG 341 Hybrid 12 BRS G39 Hybrid
5 HLE 20 Hybrid 13 BRS 3253 Hybrid
6 HLE 22 Hybrid 14 BRS324 Variety
7 HLE 23 Hybrid 15 V90631 Hybrid
8 BRS 387 Hybrid 16 BRS G36 Hybrid
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Table 2
Environment description of the National Sunflower Trials Network, in the out-of-season of 2012 ¢ 2013.

Environment Municipalities State Year Altitude Rainfall [rrigation
1 Nova Porteirinha MG 2012 436m 33.9 mm 367.5 mm
2 Planaltina DF 20153 1007 m 314.6 mm 0.0 mm
3 Palmas TO 2012 230m 585.0 mm 0.0 mm
4 Uberlandia MG 2012 920m 3537.5 mm 0.0 mm
5 Vilhena A RO 2012 615m 1060.0 mm 0.0 mm
6 Vilhena B RO 2012 o6l15m 1060.0 mm 0.0 mm
7 Planaltina DF 2013 1007 m 310.6 mm 0.0 mm
8 Canarana MT 2013 390m 983.7 mm 0.0 mm
9 Chapadao do Sul MS 20153 810m 496 mm 0.0 mm
10 Campo Verde MT 20153 740m 391.4 mm 0.0 mm
11 Jaiba MG 2013 436m 0.0 mm 307.0 mm
12 Juiz de Fora MG 2013 450m 292.4 mm 80.0 mm
13 Manduri SP 2013 589m 888.9 mm 0.0 mm
14 Muzambinho MG 20153 944m 585.2 mm 0.0 mm
15 Vilhena A RO 2013 615m 662.0 mm 0.0 mm
16 Vilhena B RO 2013 o6l15m 662.0 mm 0.0 mm

Yij=u+B/E;+ G+ Ej+ij+e (1]
where:

Yij is the genotype value of the k-zh block, evaluated in the i-zh
genotype and j-#h environment; p is the overall average of the trials; B/
Ej is the effect of the block £ within the environment j; G; is the effect
of the 7-th genotype; Ej is the effect of the j-#b environment; GE;; is the
effect of the interaction of genotype 7 with the environment j; ek is the
experimental error associated with observation Yjy, with ej ~N (0; o).

Since G x E interaction was detected, it was decomposed according
to the method proposed by Cruz and Castoldi (1991), which allows
to estimate the simple and complex G x E interaction fractions (Cruz,
Regazzi, & Carneiro, 2012). The environments where the percentage of
the complex interaction did not exceed 50% were considered similar.

In addition to the environmental stratification, we proposed an
analysis to establish the optimum environment number, aiming at a
greater use of resources in an experimental network. The procedure
consisted in the establishment of a classification criterion of the
performance of genotypes considering all the environments of the
network, based on the Pi statistic of Linn and Binns (1988) and,
later, evaluation of this same performance with a smaller number of
environments, in all possible combinations (exhaustive search) given by,
in which n is the number of environments evaluated. In the present study,
k = 65,519 analyzes were performed.

The optimal environment number would be the one that presented the
same agreement, according to a minimum correlation level of 90%, with
the performance obtained with all the environments of the network. All
analyzes were performed using the software Genes (Cruz, 2013).
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Results and discussion

Individual analyzes of variance revealed a significant effect of genotypes (p
< 0.01) for both traits in most environments, showing available genotype
variation (Table 3). The coefficients of variation were lower than 20%,
compatible with those found for the culture (Porto, Carvalho, Pinto,
Oliveira, & Oliveira, 2008; Grunvald et al., 2014). The municipalities
of Planaltina and Muzambinho stood out for their high average values
for both traits and, in Palmas it was where the lowest averages occurred.
These results indicate that the different edaphoclimatic conditions affect
crop yield. The environments that returned the highest averages are those
where there is commercial sunflower cultivation, mainly in the out-of-
season (Leite & Borba Filho, 2014).

Joint analyzes of variance showed significant effect of genotypes,
environments and G x E interaction (p < 0.01) for both traits studied
(Table 4), showing available genotype variation and environmental
diversity, as well as the differential behavior of genotypes throughout the
environments, as observed by Grunvald et al. (2014) and Porto et al.
(2009), facts that justify the environmental stratification. The coeflicients

of variation were also compatible with those found for the culture (Porto
etal., 2008).

Table 3

Summary of individual analyzes of variance for grain yield (GY) and oil yield (OY) evaluated in 16

sunflower genotypes cultivated in 16 environments belonging to National Sunflower Trials Network.

Environment Grain Yield il Yield
Mean CV(%) F Mean CV(%) F
1 1257.21 18.99 2.59" 593.16 18.93 3,14”
2 3682.13 6.95 13.76" 1680.25 7.69 10.67°
3 765.06 6.41 2.29° 301.92 7.63 2.827
4 2101.45 18.15 4,817 889,42 19.07 4,377
5 1584.44 12.24 19.47° 689,48 14,17 12.54™
6 1671.32 12.52 5.12" 743.80 13.08 2.60"
7 2494.88 4,37 47.117 1072.29 4,61 44.40™
8 1671.63 17.13 9.15" 673.09 17.85 7.45°
9 2361.02 9.13 2,34 1056.83 9.50 2.79”
10 2008.75 14.89 9.16™ 881.63 14.57 7.49"
11 1803.23 18.45 1.49" 834.98 17.59 1,84"
12 1632.71 15.99 12.67° 693.93 15.52 12,47
13 1321.63 15.21 4.08" 571.74 15.01 3.66”
14 3327.60 17.14 6.95" 1390.98 15.19 5.96™
15 1868.17 11.26 6.69” 771.97 12.09 4.097
16 1939.64 8.71 5.78" 835.12 8.71 6.70"

ns, ** and *: Not significant, significant according to an F-test at the 0.05
and 0.01 probability level, respectively; CV: coefficient of variation.

Stratification

has

usually been performed for

predictable

environmental variations (Allard & Bradshaw, 1964), usually only
for site effect. The effect of the years is an unpredictable factor and
therefore, there is no way to carry out the zoning. For this study it
was possible to verify that half and three quarters of the environment
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combinations present a predominantly complex interaction for grain and
oil yield, respectively (Table 5), so, environment clustering was difficult.
Palmas was the only environment that presented predominantly simple
interaction when compared to all others, regardless of the evaluated
trait, indicating that it could be excluded from the network without this
impacting on the quality of this one; in addition, the test conducted in
this environment presented low values that contrasted a lot in relation
to the others. In some cases, values of the complex part above 100% were
found, for example, for the environment pair two and seven Planaltina
2012 and 2013 in relation to grain yield, suggesting that the average
correlation of the genotypes in these environments is negative (Cruz et
al., 2012), in this case, non-controllable factors influenced the response
in these two trials.

Optimum environment number analysis is a result of exhaustive
search, so that they are presented at the end of the analysis, which
environments have a greater or lesser impact on the network quality.
In this study the established coefficient was 90%. The evaluation for oil
yield showed that the reduction of any environment did not impact the
representativeness of the network as much as the minimum correlation
value obtained between the complete and the reduced network was
94.07% when the Muzambinho environment was withdrawn (Table 6).

When two environments were removed from the analysis, the
estimated correlation values remained above the established cutoff point.
However, the withdrawal of three environments should be judicious
to characterize the grain yield, since the combination of the Canarana,
Muzambinho, and Vilhena (2013) A tests, if eliminated, would reduce
the correlation value to 85.24%, below the established cutoff value.
However, if there was a need to exclude half of the network environments,
the combination of the environments of Nova Porteirinha, Planaltina
2013, Uberlandia, Vilhena A 2012, Vilhena B 2012, Canarana, Campo
Verde and Vilhena would have an interesting correlation of 96.87%
with the original network. On the other hand, the withdrawal of the
Planaltina, Uberlandia, Vilhena A 2012, Canarana, Jaiba, Manduri,
Muzambinho and Vilhena A 2013 would result in a sudden decrease in
the representativeness of the network (58.5% correlation), which would
make the recommendation unfeasible.

Table 4

Summary of joint analysis of variance for grain yield (GY) and oil yield (OY) evaluated in 16

sunflower genotypes cultivated in 16 environments belonging to National Sunflower Trials Network.

. GY oY
Sources of Variation Degrees of Freedom Mean Square _Mean Square
Genotvpes (G) 15 3449435.80"  392807.32"
Environments (E) 15 34481941.35"  6909209.49"
GxE 225 360914.85™ 67585.61"
Mean 1968.18 855.04
CV (%) 13.91 13.73

**and *: Significant according to an F-test at the 0.05 and 0.01 probability level, respectively; CV: coeflicient of variation.
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Table S

Complex part of the interaction GxE (%) between pairs of environments and sunflower genotypes
for grain yield (upper diagonal) and oil yield (lower diagonal), evaluated by Cruz and Castoldi
(1991) method. Values that represent predominantly complex interactions are highlighted in bold.

Ervironment 1 2 3 4 5 i) 7 8 9 10 11 12 13 14 15 16
1 480 3L3 5.8 646 B29 TI0 679 984 379 9.6 319 721 318 842 BoS
3 56.1 209 841 986 641 1018 102.0 490 821 T44 B2T 525 693 759 494
3 310 194 0.7 49 187 112 36 376 60O 2885 T4 192 51 112 272
4 62.1 853 90 748 533 876 703 475 557 o687 518 198 6L9 651 454
5 806 1035 94 793 169 713 478 580 627 829 398 282 397 48 14.5
[ 84.7 59.7 260 473 150 76,1 370 813 299 101.0 244 469 81 277 386
7 824 954 187 899 798 771 645 590 845 673 910 591 692 649  56.8
5 B8.7 1040 51 BO4 572 409 711 53.8 67.7 555 628 405 519 342 38.8
9 890 447 367 T1.8 TB2 103.0 o6l1.8 681 43.1 869 279 831 3T.0 724 BRO
10 609 994 68 645 716 386 960 830 811 75.2 400 85 401 444 391
11 98.1 754 350 859 1050 1148 698 770 735 1029 64.5 105.1 399 101.3 106.1
12 725 940 59 616 646 236 1021 T3e 605 474 929 186 429 384 339
13 679 589 l64 287 371 592 T6.1 662 1059 157 1211 257 16,2 439  56.1
14 65.7 952 7.2 805 543 140 910 612 752 690 759 667 302 19.1 20.0
15 953 653 219 660 182 541 543 562 854 601 1054 455 737 354 275
16 909 53,1 3521 554 346 529 619 631 879 67.1 1088 56.1 757 458 498

For oil yield (Table 7), the removal of the trial A of Vilhena 2012
could impact the quality of the environmental network, leading to a
correlation of 86.92%, demonstrating its importance to the network. The
analysis of the optimum number of environments allows the selection
of the most distinct environments that would impact on the loss of the
environmental variability of the network. In this case, the environments
Uberlandia, Vilhena A 2012 and Muzambinho are fundamental, as the
maintenance of these resulted in high values of correlation even when
eliminating all others. The definition of more important environments is
closely related to the geographical and climatic conditions of each one,
since these particularities define the genotype responses.

An important difference in the analysis of the environments for the
two traits was that, for grain yield, the removal of any environment did
not reduce the correlation to values below the cut-off point. However,
when evaluating the oil yield, removal of the environment represented by
trial A of Vilhena 2012, for example, would lead to a drop in correlation.
It is therefore important that before deciding to remove sites from an
experimental network, evaluate the behavior of each important trait
and which environments have been determinant for it over time. In
addition, to evaluate which environmental combination will provide
greater correlation with the data obtained in the complete experimental
network.

Optimum environment number analysis also provides a graphical view
of the impact of the environment removal from the environmental
network. Once the cutoff point has been established, the different trial
combinations are tested using the Pi statistics of Linn and Binns (1988)
and plotted against the pre-established correlation value. Thus, as seen for
grain yield, removal of any environment did not reduce the correlation to
less than 90% (Figure 1A and B), however the removal of two or more
environments could imply the loss of the network representativity. For oil
yield, the withdrawal of Jaiba (environment 11) would provide the same
efficiency in the genotypic discrimination, by means of the Pi statistic
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since it would maintain the correlation of this stability and adaptability
measure, between the reduced and the complete network above the cut-
off point (Figure 1C). However, the removal of Muzambinho would
lead to a less efficient reduced network, since this led to a correlation
between the genotypes performance, measured by Pi, below the cut-off

point (Figure 1D).
Table 6

Mean, minimum and maximum correlation values according

to the number of environments analyzed for grain yield.

Environment Number Replicates Mean Minimum [Environments] Maximum [Environments)

2 120 0.706 0.350[7,16] 0.911 [3,6]

3 560  0.774 0.353[3,7,16] 0.9322,5,14]

bl 1820 0.818 0.355[5,7,12,16] 0.949 [2,4,5,14]

5 4368  0.850 0.386(3,7,9,12,16] 0.956(2,4,5,8,14]

6 8008  0.874 0.423[1,3,7,9,12,16] 0.962[1,4,5,8,11,14]

7 11440 0.891 0.449(1,5,7,9,10,12,16] 0.965[1,2,4,5,8,11,14]

8 12870 0.905 0.585[1,3,6,7,9,10,12,16] 0.968[1,2,4,5,6,8,10,15]

9 11440 0.916 0.647 [1,2,3,7,9,10,11,12,16] 0.970(1,2,5,6,8,9,10,13,15]

10 8008  0.925 0.704[1,2,5,7,9,10,11,12,15,16] 0.971[1,4,5,6,8,9,10,11,14,15]

11 4368  0.933 0.750[1,2,3,6,7,9,10,11,12,15,16] 0.971[1,2,3,6,8,9,10,12,13,14,15]

12 1820  0.939 0.828(1,2,5,6,7,9,10,11,12,15,15,16] 0.971(1,5,4,5,6,8,9,10,11,12,14,15]
13 560  0.945 0.852[1,2,5,4,6,7,9,10,11,12,13,15,16] 0.968[1,2,3,4,5,6,7,8,9,10,12,14,15]
14 120 0950  0.904[1,2,3,4,6,7,8,9,10,11,12,15,15,16] 0.964[1,5,4,5,6,7,8,9,10,11,12,15,14,15]
15 16 0.954 0.940[1,2,5,4,5,6,7,8,9,10,11,12,15,15,16] 0.960[1,2,3,4,5,6,7,8,9,10,11,12,13,14,15]
16 1 1.000  1.0[1,2,5,4,5,6,7,8,9,10,11,12,13,14,15,16] 1.0[1,2,5,4,5,6,7,8,9,10,11,12,15,14,15,16]

Table 7
Mean, minimum and maximum correlation values according
to the number of environments analyzed for oil yield.
Environment Number Replicates Mean Minimum [Environments] Maximum [Environments]

2 120 0597 0.160 [3,9] 0.886 [4,5]

3 560  0.665 0.192[3,9,12] 0.913[4,5,14]

4 1820 0716 0.284(3,7,12,16) 0.934[2,4,5,14]

5 4368 0.756 0.288(3,7,9,12,16) 0.956 [2,4,5,8,14]

6 8008  0.786 0.520[1,5,7,9,12,16] 0.960[1,2,4,5,8,14]

7 11440 0810 0.339[1,3,7,9,10,12,16] 0.964 [4,5,6,8,10,11,14]

8 12870 0.829 0.395(1,2,3,9,10,11,12,16] 0.966 [4,5,6,8,10,11,14,15]

9 11440 0.845 0.415[1,2,3,7,9,10,11,12,16] 0.967 [1,3,5,6,8,11,13,14,15]
10 8008  0.859 0.461 [1,2,5,6,7,9,10,11,12,16] 0.967 [1,53,4,5,6,8,11,12,14,15]
11 4368  0.871 0.505[1,2,5,6,7,9,10,11,12,15,16] 0.9661,2,5,5,6,8,9,12,15,14,15]
12 1820 0.881 0.623[1,2,3,6,7,8,9,10,11,12,15,16] 0.962 [1,53,5,6,8,9,10,11,12,13,14,15]
13 560 0.890 0.732[1,2,5,4,6,7,9,10,11,12,13,15,16] 0.953[1,2,5,4,5,6,8,9,12,13,14,15,16]
14 120 0.898  0.802[1,2,3,4,6,7,8,9,10,11,12,15,15,16] 0.950[1,5,4,5,6,7,8,9,10,11,12,13,14,15]
15 16 0.905 0.869(1,2,3,4,6,7,8,9,10,11,12,13,14,15,16] 0.932[1,2,5,4,5,6,7,8,9,10,12,15,14,15,16]
16 1 1.000  1.0[1,2,5,4,5,6,7,8,9,10,11,12,13,14,15,16] 1.0[1,2,3,4,5,6,7,8,9,10,11,12,15,14,15,16]
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Figure 1

Correlation between performance of genotypes measured by the Pi statistic of
Linn and Binns (1988) in all environments and the performance obtained with
reduced number of environment for grain yield (A and B) and oil yield (C and D).

The graphical analysis allows the breeder to visualize the impact of
the environment removal from a network in a simple and fast way.
Once detected points below the established correlation, the researcher
could infer about the minimum number of environments of the network
and suggest, through consistent information of several testing years, the
environment elimination.

Conclusion

Optimal environment number analysis is a useful tool in breeding
programs, since it allows to exclude redundant environments from
experimental networks of the breeding programs.

The environments Palmas, Vilhena, Canarana and Muzambinho must
be maintained in the National Sunflower Trials Network, so that the
grain and and oil yield can be well characterized.
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