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ABSTRACT

The objective of the present work was to evaluate the influence of the genotype-envi-
ronment interaction on genetically divergent soybean grown under semiarid conditions.
Four experiments were carried out in randomized blocks with four replicates to evaluate
twenty-one soybean genotypes. The following descriptors were used to quantify diver-
gence: plant height, dry matter, oil content, number of pods per plant, number of grains
per pod, the weight of 100 seeds, yield, days for flowering, and days for maturation. The
unweighted pair group method with arithmetic mean was used to group the genotypes
from the Mahalanobis distance matrix estimated using the genotypic means estimated by
the REML/BLUP method. The grouping of genotypes depended mainly on the effects of the
interaction between genotypes and years. The joint analysis, without the effect of the inter-
action, allowed us to obtain two groups of genotypes. The most recommended crosses were
those of the lines BRS Tracaja, BRS Pérola, BRS Carnatiba, M 8644 IPRO, BRS 8590, and BMX
OPUS IPRO with the genotype BRS Sambaiba, especially the one between BMX OPUS IPRO
and BRS Sambaiba.
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Interaction of soybean genotypes by environments

RESUMEN

El objetivo del presente trabajo fue evaluar la influencia de la interacciéon genotipo
por ambiente en estudios de divergencia genética en soja en condiciones semiaridas. Se
realizaron cuatro experimentos con un disefio de bloques completos aleatorizados con
cuatro repeticiones donde se evaluaron 21 genotipos de soja. Se utilizaron los siguientes
descriptores para cuantificar la divergencia: altura de planta, materia seca, contenido de
aceite, nimero de vainas por planta, nimero de granos por vaina, peso de cien semillas,
rendimiento, dias a floracién y dias a maduracidn. Se utilizé el método jerarquico UPGMA
para agrupar los genotipos de la matriz de distancias de Mahalanobis mediante las medias
genotipicas estimadas por el método REML / BLUP. La agrupacidn de genotipos depende de
las condiciones de evaluacion, principalmente debido a los efectos de la interaccion genotipo
por afios. El analisis conjunto, sin la presencia del efecto de interaccidon, permite obtener
dos grupos de genotipos. Los cruzamientos mas adecuados involucran los genotipos BRS
Tracaja, BRS Pérola, BRS Carnauba, M 8644 IPRO, BRS 8590 y BMX OPUS IPRO, y el genotipo
BRS Sambaiba, especialmente el entre BMX OPUS IPRO y el genotipo BRS Sambaiba, que es
el de mayor disimilitud.

Palabras claves
Glycine max L.  germoplasma e disimilitud e eleccion de padres

INTRODUCTION

Soybean (Glycine max L. Merrill) is a legume of great importance in the world economy
because of its extensive cultivation and world trade. It is widely used as a raw material in
animal feed, food, vegetable oils, biofuel, and the chemical industry. Brazil is the largest
exporter and the second-largest producer of oilseeds. In the 2019/2020 harvest, the
country had an average productivity of 3.321 kg ha’l, resulting from a production of 118.8
million tons of grain in 35,760.4 thousand hectares of land. During this harvest, the culti-
vated area increased by 1.7% relative to the past harvest (2, 10), due to the expansion of
the agricultural frontier with the exploration of the Brazilian semiarid region. Consid-
ering the need for irrigation, as well as the high temperatures that prevail in the semi-arid
region, this expansion may constitute an opportunity for the diversification of crops in the
region, particularly for seed production since irrigated crops require greater investment.
Therefore, it is necessary to work with cultivars adapted to the new growing conditions,
which requires the evaluation of the behavior of soybean genotypes under the non-edapho-
climatic and specific desired agricultural conditions. It is crucial to consider the possibility
of not finding an adapted genotype with the desired characteristics among those available.
In this case, it is necessary to work with breeders to develop adapted cultivars with charac-
teristics suitable for the market.

The cultivar experiments, sometimes called value of cultivation and use (VCU) tests, are
generally carried out in different environments, either local or through years of cultivation,
characteristic of the region of interest. When several genotypes are evaluated in more than
one environment, the presence of a genotype-environment interaction is common (G x E).
This phenomenon is defined as the differential behavior of genotypes across environments
and assumes an important role in phenotypic manifestation. The G x E interaction, when
predominantly qualitative or crossed, hinders the selection process or recommendation of
cultivars, since the order of genotypes is altered in the assessment environments.

Information on genotypic performance may also be relevant when choosing the parent
strains for breeding programs. In this context, although productivity is the character-
istic of greatest interest, other characteristics are relevant for soybeans and are therefore
considered in the genotypic evaluation. When information on various traits-whether
morphological, agronomic, biochemical, or molecular-is available, it becomes possible to
carry out genetic divergence studies. However, even though the presence of genotype-en-
vironment interaction in soybeans and other crops is notorious, there is little information
about its influence on divergence studies since genetic divergence studies are generally
performed in only one evaluation environment.
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Filling this knowledge gap requires intensive efforts of researchers, more specifically
the curators of germplasm banks and breeders since divergence studies are important with
respect to two main aspects. The first aspect is related to the intrinsic activities carried out
in germplasm banks to evaluate the entire variation structure to preserve it and optimize
its maintenance in nuclear collections. A second aspect, no less important in relation to
the first, is that studies of genetic divergence are used to define groups with the intention
of directing crossings that could potentially generate segregated populations with greater
genetic variability (25, 34). Indeed, considering that the interaction between genotypes and
environments can alter the characterization of genotypes in groups according to environ-
mental conditions, it may be challenging to define the crossings.

The aforementioned considerations and the lack of studies of this nature motivated
the realization of the present work, which proposes to study the effect of the genotype-
environment interaction on the genetic divergence of soybean genotypes evaluated under
semiarid conditions.

MATERIAL AND METHODS

Environmental characterization

This study was carried out during the dry seasons of 2016-2017, and rainy seasons of
2017-2018 in the municipality of Mossord, Rio Grande do Norte, Brazil (5° 03' 37" " S, 37°
23'50"" W, 72 m altitude). According to the Koppen climate classification (1), the climate of
the site is DdAa, semi-arid, and megathermal, with little or no excess precipitation during
the year; in addition, it is BShw - dry and very hot.

The average meteorological data for the experimental period are shown in figure 1
(page 4). The experiments were started on the following planting dates: September 25,
2016, March 29, 2017, September 30, 2017, and March 16, 2018.

The soil of the experimental field was classified as typical red dystrophic argisol (14),
whose chemical analysis results, at a depth of 0.20 m, before starting each experiment are
shown in table 1.

Table 1. Chemical analysis of the soil, in each year of cultivation, referring to the
depth of 0.20 m.

Tabla 1. Analisis quimicos del suelo, para cada campaifia, referidos a la
profundidad de 0,20 m.

N(g | oM* K | P | Na Ca Mg H EC**
kg') | (gkg") | = - mg dm3-------- cmol_dm P ds m*

Crops

2016/17 | 0.15 8.03 54.03 4.23 8.30 2.30 1.20 6.64 0.56

2017.1 0.42 12.95 41.71 2.17 8.61 1.05 0.93 6.32 0.67

2017.2 0.35 11.78 53.73 3.50 4.20 1.00 1.12 5.87 0.73
2018.1 0.41 10.53 27.12 2.34 8.54 1.56 1.24 6.20 0.47

Germplasm
The identification and characteristics of the soybean genotypes evaluated and belonging
to Embrapa Meio-Norte are shown in table 2 (page 5).

Experimental details

The seeds were inoculated before sowing with 4 g of peat inoculant per kg of seeds (Total-
Nitro Ultra) and 500 ml ha! of liquid (TotalNitro Full) was applied to the seeds in the planting
furrow, ensuring that the seeds were completely covered by the inoculant. The inoculants
were obtained from Total Biotecnologia, Curitiba, Parang, Brazil. According to the desired
spacing, sowing was performed manually with the help of previously drilled wooden rulers.

Weed control was performed manually with hoes after sowing, as recommended (Dugje
etal 2009). Due to the unstable precipitation during the experimental period, water comple-
mentation was carried out when necessary. Irrigation was carried out by spraying, with a
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daily watering shift divided into two applications (morning and afternoon), according to the
water requirement of the culture and based on the reference evapotranspiration (ETo) rate.
During the rainy season, irrigation was performed only when necessary.

Fertilization was carried out as recommended for the crop and based on the results of
the soil analysis, with 60 kg ha™ of P,0, being applied during planting and 60 kg ha™* of K,0
in coverage (16). The sources of Phosphorus and Potassium were simple superphosphate
and potassium chloride, respectively.

Figure 1. Mean values of maximum, minimum and average air temperature (°C), relative
humidity (%), solar radiation (MJ m? day™) and rainfall (mm) for four soybean crops in the
years 2016/2017,2017.1,2017.2 and 2018.1.

Figura 1. Valores promedio de temperatura maxima, media y minima del aire (°C), hume-
dad relativa (%), radiacién solar (M] m? dia!) y precipitacion (mm) para cuatro cultivos de
soja en las campafias 2016/2017,2017.1,2017.2 y 2018.1.

2017 2018

300 - - 40
- 38 ﬁ.%
250 - L 36 <
. g
S 3 o5
= — 2004 F32 >
2E =
S E 30 25
g = 150 - - 28 5 %j
28 2 £
£5 (265 5
+ o =
= e e e H 22 _8
......... 2
50 I I . o . L 20 (&)

R - 18

0 T T T T ’ 16

Set Oct Nov Dec Mar Apr May Jun Jul
2016 / 2017 2017

180 - y - 36
160 - —
34
S
S 1409 32 g
5 es

— 120 A —

S 'E 30 & §‘
E E 100 29
e 28 5 &
2= 80 g3
2 '© o -
S 26 S =
[5) 60 4 ==
[~ 22
40 | 24 E
2
20 4 22 ]

0 - 20

Oct Nov Dec Jan Mar Apr May Jun Jul

Revista de la Facultad de Ciencias Agrarias - UNCuyo | Tomo 54-1 - Afio 2022 4



Interaction of soybean genotypes by environments

Table 2. Category, identification, name, maturation group and cycle of 21 soybean geno-
types evaluated in four harvests under semiarid conditions.

Tabla 2. Categoria, identificacién, nombre, grupo de madurez y ciclo de 21 genotipos de
soja evaluados en cuatro cosechas en condiciones semiaridas.

Category 1: conventional Category | Identification Name Group (Maturation) | Cycle (days)
soybean genotypes. GO2 ‘BRS Carnatiba’ 9.6 101
Category 2: high-yield
soybean genotypes, re- GO3 ‘BRS Pérola’ 8.8 103
sistan_t to glyphosate a_nd 1 G04 ‘BRS Tracajd’ 9.2 101
which have protection GOS ‘BRS Sambaiba’ 93 100
and suppression against ; -
some soy pests. Category G07 BRS 8590 8.5 104
3: glyphosate resistant GO1 ‘BMX OPUS IPRO’ 8.6 101
soybean genotypes. G08 ‘BRS 9383 IPRO’ 9.3 103

Categoria 1: genotipos 2 G09 ‘BRS 9180 IPRO’ 9.1 111

convencionales de soja. ; -

Categoria 2: genotipos G12 M 8644 IPRO 8.6 102
de soja de alto rendi- G13 ‘M 8372 IPRO’ 8.3 106
miento, resistentes al G06 ‘BRS Sambaiba RR’ 9.3 107
glifosato y que tienen ; ;

proteccién y supresion G10 BRS 333 RR 9.4 102
contra algunas plagas G11 ‘BRS 9280 RR’ 9.2 105

de la soja. Categoria 3: Gl4 ‘P 98Y70 RR’ 8.7 102

genotipos de soja resis- 5 ;

tentes al glifosato. G15 ST 920 RR 9.2 106

3 G16 ‘Pampeana 10 RR’ 9.8 111

G17 ‘Pampeana 20 RR’ 10.0 118

G18 ‘Pampeana 40 RR’ 9.5 111

G19 ‘Pampeana 50 RR’ 9.6 111

G20 ‘PAS 13565-74 RR’ 9.5 117

G21 ‘Pampeana 007 RR’ 9.7 111

Evaluated keywords

The evaluated characteristics were: a) plant height: measured using a ruler, across ten
random plants in the plot in phase R5.3, according to the methods described in the study
of (9, 35); b) dry matter: evaluated using samples from ten plants per plot; the samples
were placed in an oven with forced air circulation at 65 °C, until they reached a constant
weight, according to the method of Brandt et al. (2006); c) oil content: determined with
30 g (ground) of seeds from each plot using the Near Infrared Reflection (NIR) technique
and expressed as a percentage (%), according to the method of Heil (2010); d) number of
pods per plant: obtained by counting the number of pods per plant; e) number of grains per
pod: obtained by counting the number of grains in the pods divided by the total number of
pods; f) weight of one hundred seeds: determined according to the mass and total number
of seeds per experimental unit; g) productivity: upon reaching physiological maturity (95%
of the mature pods), the soybean plants were harvested from the two central rows of each
plot, 4 m? with a 0.5 m edge left unharvested. After harvesting, the plants were trailed, and
the seeds were then weighed, after drying (12% humidity) and cleaning, to determine the
grain yield of kg ha’; (h) days for flowering: the days from emergence necessary to have
an open flower in 50% of the plants of the plot; this characteristic was evaluated using ten
plants chosen at random, according to the method employed by Carvalho (2014); and i)
days for maturation: determined from the number of days from emergence necessary to
have 95% of mature pods; this characteristic was evaluated using ten random plants in the
plot, according to that method.

Statistical analysis

The REML/BLUP analysis was performed using Model 54 of the SELEGEN software (30).
Through this model, the empirical BLUP predictors of genotypic values free from interaction
were obtained, and were given by ji + g, where [iis the average of all environments, and g,
is the free genotype effect of the genotype x environment interaction. For each environment

“,” genotype values are predicted by i + 3; + EE:J_., where H/ is the environment average

«n
i
J
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§,1s the genotypic effect, and §é;; is the effect of the genotype x environment interaction
concerning the genotype “”. The generalized Mahalanobis distances were calculated from
the matrix of the genotypic averages of each characteristic for each genotype and from the
residual variance-covariance matrix (20). Cluster analysis was performed with the Mahala-
nobis distance matrix between genotypes, using the unweighted pair group method with
arithmetic mean (UPGMA). The quality of the adjustment was quantified using the cophe-
netic correlation coefficient (32). The analyses were processed using the Genes program
(2016), and the Pheatmap (18) and Biotools (31) packages of Project R (27).

RESULTS AND DISCUSSION

The results of our experiments showed that the data obtained for the various character-
istics were within the range observed for soybeans, with the lowest value observed for oil
content (4.28%), and the highest for dry matter (51.18%). With the exception of dry matter,
the estimated values of the evaluated characteristics were within the CV range observed for
soybean (7, 11, 19, 21, 26). The highest selective accuracy was verified for flowering and
maturation and the lowest for dry matter, conforming to the lowest precision observed for
the latter characteristic. The accuracy of the results of the present study is considered low
for dry matter (<0.30), moderate for the number of pods per plant (0.50 to 0.69), very high
for flowering and maturation (>90), and high for the other characteristics (0.70 to 0.89),
according to Resende and Duarte, 2007 (table 3).

Table 3. Deviance analysis, estimates of variance components and genetic and phenotypic
parameters for nine characters measured in soybean genotypes evaluated in four trials
conducted under semiarid conditions.

Tabla 3. Analisis de varianza, estimaciones de componentes de varianza, parametros
genéticos y fenotipicos para nueve caracteres medidos en genotipos de soja evaluados en
cuatro ensayos realizados en condiciones semiaridas.

Character
Effect
PH DM | oc | NPP | NGP | WHS | PR | NDF | NDM
(Deviance) (LRT test - Chi-square)

G 4.82" 1.82m 4.82" 4.19" 6.68” 8.93" 3.99 6.75" 8.12"
GE 3.91 471" | 373.717 | 159.68™ | 10.24™ | 294.67" | 237.89" | 0.23" | 0.03™

REML Estimates of Variance Components and Genetic Parameters
Y 19.31 0.39 0.81 22.59 0.02 2.09 147.74 7.83 2091
Vi 1091 9.13 2.76 91.85 0.14 4.49 551.81 0.11 0.23
Vv 60.47 | 285.41 0.38 44.27 0.03 0.93 157.79 | 26.01 54.38
h* 0.75 0.02 0.53 0.47 0.59 0.64 0.50 0.83 0.86
s 0.86 0.14 0.73 0.68 0.77 0.80 0.71 0.91 0.93
G, 0.64 0.04 0.23 0.20 0.44 0.32 0.21 0.99 0.99
AYye 18.93 51.18 4.28 9.17 7.90 10.37 16.47 14.45 7.41

.V: genotypic variance; V: variance of genotype interaction by environments (GE); ,V: residual variance; h? :
heritability of the genotype mean; (A: selective accuracy; G_: genetic correlation between all environments; VC:
residual coefficient of variation; PH: plant height; DM: dry matter, in %; OC: oil content, in %; NPP: number of
pods per plant; NGP: number of grains per pod; WHS: weight of one hundred seeds; PR: productivity, in kg ha;
NDF: number of days to flower; and NDM: number of days to mature.

V. varianza genotipica; V,: varianza de la interaccién del genotipo por ambientes (GA); V,: varianza residual;
hzmg: heredabilidad del genotipo promedio; A_: precision selectiva; r : correlacion genética entre todos los am-
bientes; CV : coeficiente de variacién residual; AP: altura de la planta; MS: materia seca, en %); CA: contenido de
aceite, en %; NVP: numero de vainas por planta; NGV: nimero de granos por vaina; PCS: peso de cien semillas;
PR: productividad, en kg ha™'; NDF: niimero de dias para florecer; y NDM: nimero de dias para madurar.

A significant effect of genotypes was observed for all characteristics evaluated, except for
dry matter, indicating genetic heterogeneity between the genotypes, a fact that corroborates
the estimates of average heritability. Although not very high, this variability can be corrobo-
rated by heritability estimates, except dry matter. Heritability in the broad sense quantifies
the fraction of phenotypic variance resulting from genotypic causes. Heritability ranges from
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0 to 1.0, with estimates close to the unit indicating lesser environmental effect on the char-
acteristic. Quantitative characteristics have a greater environmental effect and tend to have
lower heritability values (4). This occurred with dry matter, but for most of the other charac-
teristics, heritability can be considered intermediate. For plant height, flowering, and matu-
ration, heritability was high, indicating less environmental effects on these characteristics.

The genotype-environment (G x E) interaction was significant for all characteristics,
with the exception of the number of days for flowering and maturation (table 3, page 6). The
presence of the G x E interaction is a common phenomenon in the evaluation tests of soybean
cultivars and reflects the differential behavior of the genotypes in different environments
(28). The variance component of the G x E interaction was superior to that of the genotypic
variance for the characteristics of dry matter, oil content, number of pods per plant, number
of grains per pod, weight of 100 seeds, and productivity (table 3, page 6), indicating a greater
influence of the interaction on phenotypic variation. This is not commonly observed duirng
the evaluation of soybean genotypes in various environments. Generally, for soybeans, the
effect of genotypes has a greater effect on the phenotype (3, 5, 22, 26, 33).

The interaction can be quantitative because of the magnitude of the differences between
the genotypes in the environments or qualitative due to the lack of genotypic correlation in the
environment (15, 24). In this work, considering the values of genotypic correlation in all envi-
ronments, ranged from 0.02 (dry matter) to 0.64 (plant height), the interaction was predomi-
nantly qualitative for all characteristics for which the G x E interaction existed (table 3, page 6).
The predominance of cross-interaction hinders the work of breeders because the character-
istics of the genotypes are significantly altered in different environments. In this situation, it
is difficult to recommend a genotype suitable for all environments, and specific recommenda-
tions are necessary. On the other hand, it is important to emphasize that the northeast region
of Brazil has proven to be highly suitable for irrigated cultivation, including that of fruits, vege-
tables, and grains. On the other hand, because it does not have well-defined climatic seasons,
being most often defined only in terms of the rainy season and the dry season, it can lead
researchers and producers to make errors when recommending genotypes for cultivation
in semi-arid conditions. Thus, studies such as the one presented in this work become quite
relevant since the agricultural frontier for soybean cultivation has increased in the northeast
region of Brazil, as has the demand for adapted cultivars. The presence of cross-interaction has
also been mentioned by several authors when evaluating soybean cultivars under different
edaphoclimatic conditions (8, 11, 23, 26, 33).

The hierarchical clustering analysis (UPGMA) showed different results throughout the
evaluations, although there was little discrimination between the genotypes (figure 2,
page 8). It is noteworthy that the estimates of cophenetic correlation were higher than 0.85
in all evaluations, indicating a high quality of grouping; that is, there is a lot of similarity
between the original and final dissimilarity matrices (28, dutra).

In 2016, three groups of genotypes were determined. The first consisted of G-21, G-08,
G-18, G-17, G-19, and G-07. The second group was formed only by genotypes G-15, G-11,
and G-03. The third group consisted of all other genotypes. In the 2017 A evaluation, all
genotypes were classified in practically the same group, with the G-12 genotype not being
grouped (figure 2, page 8). In the evaluation of 2018, the genotype not grouped with the
other genotypes was G-14. In the 2017 B evaluation, genotypes G-07, G-01, and G-04 were
classified together in a group, while the other genotypes formed the second group. The joint
analysis subdivided the genotypes into a smaller group composed of G-04, G-03, G-02, G-12,
G-07 and G-01. The second group included all other genotypes.

To evaluate the contribution of the characteristics to diversity, the technique of main compo-
nents was used. In all evaluations, the first four main components explained more than 70% of
the total variation observed, revealing a reduction in the multidimensional space from nova to just
four main orthogonal components (table 4, page 8). Using the weights in the first four components,
the characteristics with the greatest participation in the divergence considering all four evalua-
tions were productivity, number of pods per plant, and the number of days for maturation. In the
joint analysis, the most prominent characteristics were plant height and productivity. Also worth
mentioning is the characteristic of the number of grains per pod in the two evaluations and in the
joint analysis. Considering that for the aforementioned characteristics, there was a predominance
of cross-interaction (table 3, page 6), it appears that the G x E interaction has a relevant weight in
the ordering of distances and, consequently, changes in the groups formed.
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Figure 2. UPGMA dendrograms obtained from the Mahalanobis distance matrix between
soybean genotypes evaluated in four tests conducted under semiarid conditions.

Figura 2. Dendrogramas de UPGMA obtenidos de la matriz de distancias de Mahalanobis
entre genotipos de soja evaluados en cuatro pruebas realizadas en condiciones semiaridas.

Table 4. Character contribution to the eigenvalue A in the analysis of major components
involving soybean genotypes evaluated in four tests conducted under semiarid conditions.
Tabla 4. Contribucion del caracter al valor propio A, en el analisis de componentes princi-

pales que involucran genotipos de soja evaluados en cuatro ensayos realizados en condi-

ciones semiaridas.

. Character contribution to eigenvalue A
Eigenvalue (1) ! -
' A.16 A17A A.17B A.18 Conjunct
1 PR (28.02) | NPP (28.82) |NDM (28.85) | NDF (23.18) |PH (29.47)
2 NDM (22.79) | NDM (18.31) | NPP (23.87) | WHS (19.15) | PR (22.09)
3 NPP (18.87) | PR (15.27) |PR(12.73) PR (17.62) | WHS (14.80)
4 0C (9.87) PH (10.31) NVP (11.44) | NVP (13.74) | NVP (11.30)
Total 78.91 72.71 76.89 73.70 77.65

PH: plant height; OC: oil content, in %; NPP: number of pods per plant; NGP: number of grains per pod; WHS: weight of
one hundred seeds; PR: productivity, in kg ha™'; NDF: number of days to flower; and NDM: number of days to mature.

AP: altura de la planta; CA: contenido de aceite, en %; NVP: nimero de vainas por planta; NGV: nimero de granos
por vaina; PC: peso de cien semillas; PR: productividad, en kg ha; NDF: numero de dias para florecer; y NMT:
numero de dias para madurar.
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Another result that reinforces the fact that the order of the distances was altered in
the different evaluations is that of the estimates of the correlations between the dissimi-
larity matrices. The correlations were practically non-significant, except for the correlation
between the joint analysis and the 2017 B assessment (figure 3).

A.16 A.17a A.17b A.18 Conjunct
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Figure 3. Correlations between Mahalanobis distance matrices of soybean genotypes eval-
uated in four trials conducted under semiarid conditions.

Figura 3. Correlaciones entre matrices de distancia de Mahalanobis de genotipos de soja
evaluadas en cuatro ensayos realizados en condiciones semiaridas.

Although there is vast literature that addresses the effects of the G x E interaction on the
selection and identification of cultivars, resulting from the differential behavior of geno-
types in the environment, little attention has been paid to the effect of the interaction in
diversity studies. Considering that divergence studies are used for determining the initial
direction of crossings in order to obtain populations with great variability and a high mean
for the characteristics of interest, it is relevant to investigate the effect of the interaction in
the formation of heterotic groups, as in the nuclear collections. In the present study, there
were differences in the grouping during the four evaluations.

The presence of the genotype-environment interaction effect confused with the geno-
typic effect in each of the four evaluations, not only resulted in differences in the groups,
but also made it difficult to differentiate the evaluated genotypes. The use of the estimates
of the free genotypic means of the interaction obtained in the joint analysis may be a more
adequate alternative to define the heterotic groups and, consequently, the crossings to be
performed. In the present study, crosses were made between the genotypes of the group
consisting of G-04, G-03, G-02, G-12, G-07, and G-01 and the genotypes of the second group,
in particular, the G-05 genotype. The greatest dissimilarity was found between genotypes
G-01 and G-05, shown in red on the heat map (figure 4, page 10). Crosses can be made
between the G-01 genotype and the G-13, G-15, and G-18 genotypes.
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Figure 4. Mahalanobis distances of evaluated soybean genotypes obtained in the joint
analysis of four tests conducted under semiarid conditions.

Figura 4. Distancias de Mahalanobis de genotipos de soja evaluados obtenidos en el anali-
sis conjunto de cuatro pruebas realizadas en condiciones semiaridas.

CONCLUSIONS

The grouping of soybean accessions is dependent on the evaluation conditions, mainly
because of the effects of the genotype por environment interaction. Without the effect of the
interaction, the joint analysis allowed us to obtain two groups of genotypes. The most suitable
crosses were those carried out between the genotypes BRS Tracaja, BRS Pérola, BRS Carnatba,
M 8644 IPRO, BRS 8590, and BMX OPUS IPRO, and the BRS Sambaiba genotype, especially the
one between BMX OPUS IPRO and BRS Sambaiba genotype, which is the most dissimilar.
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