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ABSTRACT

Considering the expressive number of commercial soybean cultivars available for cultivation in Brazil and the con-
stant search for improvements in the production system, the objective was to evaluate the productive components and
grain yield and to estimate the correlation between them in soybean cultivars sown in the northwest region of Rio Grande
do Sul, during the 2019/20 harvest. Sixteen commercial soybean cultivars were sown under their respective plant density
recommendations, in a randomized block design with three replications. At the end of the cultivation cycle, the following
variables were evaluated: plant height; height of insertion of the first pod; number of nodes; number of pods with one,
two, three and four grains; pods per plant; grains per plant; weight of thousand grains, and; grain yield. The cultivars BMX
ZEUS TPRO, NS 5445 TPRO and NS 5700 IPRO presented the highest grain yields, mainly due to the high relationship
between the number of pods and grains per plant and the weight of a thousand grains. The indirect selection of more

productive genotypes can be carried out through the variables weight of thousand grains, number of pods, grains and

nodes per plant, given the significant positive correlation between them.
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INTRODUCTION

Soybean [Glycine max (L.) Merril] is the principal
oilseed grown in the world, primarily due to the high socio-
economic importance it performs in agroindustrial sectors.
In Brazil, the production of the commodity has increased
expressively during the last decades, so that the country has
become the world’s largest producer of the crop (USDA,
2023), with its production estimated at more than 153
million tons for the 2022/23 harvest (CONAB, 2023).

Among the improvements observed in the production
system of the Southern Region of Brazil, we highlight the
increase in the use of modern cultivars, characterized by
indeterminate growth habit and early cycle (Richter et al.,
2014; Zanon et al., 2015). As well as, the adoption of im-
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portant management technologies related to phytosanitary
control, adoption and maintenance of soil conservation
practices, use of cultivars more adapted to the macro-re-
gions of cultivation, efficient management of fertilizers and
correctives, in addition to cultivation under adequate plant
density and arrangement, with high quality seeds (Cruz et
al., 2016). From this perspective, it is evident that the joint
adoption of appropriate management practices and the use
of cultivars with high productive potential was decisive in
making Brazil an international power in soybean produc-
tion.

However, due to the increase in crop production costs

over the last few years, it has become common to look
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for cultivars with high production potential and adapted
no longer to macro-regions of cultivation, but to micro-re-
gions, in order to optimize the crop production system and
increase profitability per unit area. Thus, given the large
number of cultivars available for cultivation in each of the
macro-regions and the annual launch of new genotypes,
which tend to be more productive and resistant to biotic and
abiotic stresses, it is interesting to carry out studies on the
adaptability and productivity of new soybean cultivars in
micro-regions to define the best option for farmers (Gavira-
ghi et al., 2018).

The selection of superior soybean genotypes is indeed a
complex process, and most of the characters are quantitative
and correlated with each other (Leite ez al., 2018). To select
the best genotypes, it is necessary to analyze the characters
simultaneously during the selection process. Genetic param-
eters and correlations are useful tools in breeding programs,
helping to make decisions about the most efficient method
of selecting soybean progenies (Gastl Filho ef al., 2022).

In this perspective, strategies such as the evaluation of
productive components and the correlation between them
have been carried out to serve as a basis for the indirect
selection of genotypes based on the agronomic ideotype, as
well as to recommend cultivars for cultivation under certain
edaphoclimatic conditions (Almeida et al., 2010; Nogueira
et al.,2012; Rigon et al., 2012; Leite et al., 2015; Follmann
et al., 2017, Ferreira et al., 2022; Souza et al., 2023).

Various studies reported the dependence of grain yield
on the performance of the crop’s productive components
(Ciampitti & Vyn, 2012; Dutamo et al., 2015; Cao et al.,
2020; Xavier & Rainey, 2020; Yoosefzadeh-Najafabadi et

al., 2021). In soybeans, characteristics such as the number
of nodes per plant, number of pods per plant, number of
grains per pod, number of grains per plant and weight of
100 grains have been considered to be the main contributors
to grain yield, most of the time, showing strong positive
correlations with each other (Cui & Yu, 2005; Egli, 2005;
Kahlon & Board, 2012; Egli, 2013; Baraskar et al., 2014;
Rincker et al., 2014; Islam et al., 2015; Ghiday et al., 2017,
Xavier & Rainey, 2020; Yoosefzadeh-Najafabadi et al.,
2021; Ferreira et al., 2022; Souza et al., 2023).

The objective was to evaluate the productive components
and grain yield and to estimate the correlation between them
in soybean cultivars sown in the northwestern region of
Rio Grande do Sul, during the 2019/20 harvest, in order to
suggest cultivars with characteristics capable of conferring

higher grain yields in this growing micro-region.

MATERIAL AND METHODS

The study was conducted in an experimental area locat-
ed in Santo Augusto, Rio Grande do Sul, Brazil (27°52°28”
S latitude, 53°49°57” W longitude and 492 m of altitude),
during the 2019/20 harvest. The region is characterized by
a humid subtropical climate (Cfa) (Alvares et al., 2014)
and the presence of soils characterized as Latossolic
Dystrophic Red Nitosol (Cunha et al., 2004). The chem-
ical characteristics of the soil in the experimental area
are presented in Table 1. The rainfall recorded during the
experimental period (November 20", 2019 to March 21,
2020) was approximately 470 mm (Figure 1).

Sixteen commercial soybean cultivars were used for the

experiment (Table 2), each of which was sown according

Table 1: Chemical analysis of the soil in the experimental area at a depth of 0-20 cm

CTC Index
. + 3 0,
pH water Ca Mg Relation Al H+Al effective Saturation (%) SMP
Ca/Mg
— Cmolc dm? Cmole dm® —— Al Bases
5.66 9.5 3.7 2.6 0.0 4.0 14.1 0.0 77.7 6.08

Diagnosis for soil acidity and liming: pH in water 1:1; Ca, Mg, Al and Mn exchangeable extracted with KCl 1M and CTC apH 7.0 (Tedesco et al.,

1995); Index SMP (Toledo et al., 2012).

% MO % Clay S P-Mehlich K CTCpH 7.0 K
m/v mg dm? Cmolc dm? — mgdm?
6.8 60.0 13.9 14.9 0.857 18.1 335.1

Diagnosis for macronutrients and recommendation of fertilization NPK-S: Clay determined by the densimeter method; Mo by humid digestion;
S-S0, extracted with CaHPO, 500 mg L' of P and P, K and Na determined by the method Mehlich I (Tedesco et al., 1995).

Cu Zn Molar relations
mg dm? K/CTC Ca/CTC Mg/CTC (Ca+Mg)/K
8.8 1.4 4.735 52.5 20.4 154

Diagnosis for micronutrients and molar relations: Cu and Zn extracted using the method Mehlich I (Embrapa, 2009).
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Figure 1: Rainfall regime recorded during the experimental period (November 20%, 2019 — March 21*, 2020) in Santo Augusto, Rio

Grande do Sul, Brazil.

to the plant density recommended for the region (Table
3). The experimental design used was randomized block
with three repetitions. The seeds of all cultivars received
the industrial seed treatment Fortenza® Duo (Fortenza 600
FS® + Cruiser® 600 FS + Maxim Advanced®) and, subse-
quently, at the time of sowing, the seeds were inoculated
with Bradyrhizobium japonicum and co-inoculated with
Azospirillum brasilense strains AbV5 and AbVe6.

Sowing was carried out on November 20", 2019 in a
mechanized way under the no-tillage system, with a seed-
ing speed of £ 6 km h'', seeding depth of = 4 cm and row
spacing of 45 cm. We used 270 kg ha'!' of fertilizer with
formulation 2-23-23 (N-P,0,-K,0) in the line of sowing
and, later, 20 days after emergence, we applied 120 kg ha!
of KCI (60% K,0). The size of the plots was 3.15 x 10
meters. The cultural management was carried out with the
use of fungicides and insecticides recommended for the
crop, when necessary.

The harvest of the plots was performed on March 21%,
2020 (phenological stage R8), by manually uprooting the
plants present in 0.90 m? of the central area of the plots.
The evaluation of the productive components was carried
out individually on the harvested plants, being evaluated:
Plant height, in cm (PH); Insertion height of the first pod,
in cm (IHFP); Number of nodes, in units (NN); Pods with
one grain, in units per plant (P1G); Pods with two grains,
in units per plant (P2G); Pods with three grains, in units
per plant (P3G); Pods with four grains, in units per plant
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(P4G); Pods per plant, in units (PP); Grains per plant, in
units (GP); Weight of thousand grains, in grams (WTG),
and; Grain yield, in kg ha! (GY). The humidity content (%)
of the grains was measured with the aid of an Agrologic
portable grain humidity measuring device (model AL-102
ECO), with an accuracy of 0.1%. Thus, at the time of the
statistical analysis, the WTG and GY variables had their
values standardized at 13% of humidity.

For each variable, the components of variance were
estimated using the mathematical model of the randomized

block design, given by:
Yij=u+Ci+pfj+eij

Where Y, is the mean observed value for the response
variable in plot ij, p is the overall mean, C, is the effect of
cultivar i (i = BMX LANCA IPRO, BMX ZEUS IPRO,
BRS 5601 RR, DM 53154 RSF IPRO, FPS 1859 RR,
M5838 IPRO, NEO 610 IPRO, NEO 660 IPRO, NA 5909
RG, NS 5258 RR, NS 5445 IPRO, NS 5700 IPRO, NS
6010 IPRO, NS 6601 IPRO, NS 6909 IPRO, P95Y52 RR),
ﬁ/. is the effect of block j (j = 1, 2, 3), g is the effect of
experimental error (Storck et al., 2016). From the signifi-
cance of the factor under study, the grouping of means was
performed using the Scott-Knott test at 5% probability for
cultivars. Finally, we calculated the coefficient of Pearson’s
linear correlation between the productive components (PH,
[HFP, NN, P1G, P2G, P3G, P4G, PP, GP and WTG) and
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Table 2: Description of the agronomic characteristics of the cultivars used

Cultivar Relative Maturity Group Requirement to fertility Technology®
BMX LANCA IPRO 5.8 High IPRO
BMX ZEUS IPRO 5.5 High IPRO
BRS 5601 RR 5.6 High RR
DM 53154 RSF IPRO 54 High IPRO
FPS 1859 RR 59 Medium/High RR
M5838 IPRO 5.8 High IPRO
NEO 610 IPRO 6.1 High IPRO
NEO 660 IPRO 6.6 Medium IPRO
NA 5909 RG 6.2 Medium/High RG
NS 5258 RR 5.6 Medium/High RR
NS 5445 IPRO 54 High IPRO
NS 5700 IPRO 5.7 High IPRO
NS 6010 IPRO 6.0 Medium/High IPRO
NS 6601 IPRO 6.6 Medium/High IPRO
NS 6909 IPRO 6.3 Medium/High IPRO
P95Y52 RR 53 High RR

(MTPRO: Technology with addition of Bt protein (CrylAc) that provides resistance to Anticarsia gemmatalis, Chrysodeixis includens, Crocidosema
aporema and Chloridea virescens; RR and RG: Technology that provides resistance to herbicides of the 5-enolpyruvylshikimate-3-phosphate synthase
group (EPSPs), also known as Glyphosate. Source: Brasmax®, Embrapa®, DonMario®, Fundagdo Pro-Sementes®, Monsoy®, Neogen®, Nidera® and

Pioneer®.

grain yield (GY) and performed a paired hypothesis test
for each of the correlations under study at 5% probability.
All analyses were performed with the use of the software
Microsoft Office Excel and R (R Development Core Team,
2022).

RESULTS AND DISCUSSION

The experimental precision ranged from high to very
low (4.17% < CV < 57.32%), according to the classifica-
tion of Pimentel-Gomes (2009), depending on the variable
evaluated (Table 4).

The use of cultivars suitable for the cultivation environ-
ment is fundamental for the maximization of grain yield.
Thus, during the choice of a cultivar, both its morphological
and productive characteristics, as well as its history in the
growing environment, should be taken into account (Cruz
et al., 2010). Factors such as sowing time, population den-
sity and soil and climatic conditions can promote changes
in plant characteristics and, consequently, in grain yield
(Rocha et al., 2012).

Thus, the use of cultivars with plant height between
50 and 90 cm has been suggested when aiming for high
grain yield (Sediyama et al., 2015). In addition, this
characteristic facilitates weed control through the greater

interspecific competition provided by the height of the crop

in relation to weeds, being also favorable for the reduction
of lodging and losses during mechanized harvesting (Pires
et al., 2012). In general, the average plant height observed
was 97.79 cm, with the highest plant heights observed in
the cultivars NEO660 IPRO and NS 5258 RR (113.99 and
111.19 cm, respectively) and the lowest in the cultivars FPS
1859 RR, M5838 IPRO, NEO610 IPRO and NS5445 IPRO
(89.07, 89.52, 90.63 and 91.51 cm, respectively) (Table 3).

According to Aquino et al. (2011), the insertion height
of the first pod is associated with losses during harvest,
so that when it is less than 10 cm there is potentiation of
the loss rate. Thus, the selection of plants with insertion
height of the first pod ranging from 10 to 15 cm has been
recommended by breeding programs to help reduce losses
during harvest (Sediyama et al., 2015; Cruz et al., 2016).
However, as the expression of the phenotype occurs as a
function of the interaction genotype x environment, vari-
ations are generally observed due to the edaphoclimatic
conditions of the micro-region and cultural practices used
(Torres et al., 2015). Thus, the average insertion height of
the first pod was 13.37 cm, with only the cultivars NEO
610 IPRO, P95Y52 RR, BMX LANCA IPRO, NS 5700
IPRO, BMX ZEUS IPRO and NA 5909 RG falling within
the ideal range suggested by Sediyama et al. (2015) and
Cruz et al. (2016) (Table 4).
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Table 3: Recommended, sown and emerged density (in thousand plants ha!) for soybean cultivars sown during the 2019/20 harvest in

Santo Augusto, Rio Grande do Sul, Brazil

Recommended density

Sown density Emerged density

Cultivar (in 1000 plants ha) ® (in 1000 plants ha™) (in 1000 plants ha™)
BMX LANCA IPRO 200 - 250 +330 + 257
BMX ZEUS IPRO 250-300 +330 +259
BRS 5601 RR 200 - 300 +348 +258
DM 53154 RSF IPRO 220 —-300 +330 +223
FPS 1859 RR 240 - 280 +348 +268
M5838 IPRO 240 — 280 +330 +246
NEO 610 IPRO 220 - 300 +271 +223
NEO 660 IPRO 180 — 250 +271 +206
NA 5909 RG 200 - 320 +331 +270
NS 5258 RR 240 - 300 +303 + 250
NS 5445 IPRO 260 — 320 +331 +230
NS 5700 IPRO 240 - 280 +331 +263
NS 6010 IPRO 220 —260 +331 + 281
NS 6601 IPRO 200 —240 +271 +225
NS 6909 IPRO 220 —300 + 348 +261
P95Y52 RR 320 -380 +396 +225

@ Density of plants recommended for the Soybean Macro-region 103. Source: Brasmax®, Embrapa®, DonMario®, Fundagdo Pro-Sementes®, Monsoy®,

Neogen®, Nidera® and Pioneer®.

Given that the number of nodes per plant is defined by
intrinsic factors of the cultivar, management system and
edaphoclimatic conditions of the growing environment
(Egli, 2013), the higher number of nodes observed in the
cultivars NS6601 IPRO, NEO660 IPRO, NEO610 IPRO
and NS 6601 IPRO can be attributed to their long cycle,
which allowed the vegetative growth period to be longer
than that of early cultivars (Tables 2 and 4). The high num-
ber of nodes observed in the cultivars M5838 IPRO, FPS
1859 RR, DM53154 RSF IPRO, NS5700 IPRO and P95Y52
RR is associated with the regularity of rainfall during the
vegetative growth period and the genetic characteristics of
the cultivars (Figure 1, Tables 2 and 4).

The yield of pods with one grain was low in all cul-
tivars, however, cultivars NA 5909 RG, NEO 610 IPRO,
DM 53154 RSF IPRO and BMX LANCA IPRO stood
out from the others. The number of pods with two grains
ranged between 5.50 and 20.80 pods per plant (BMX
ZEUS IPRO and NEO610 IPRO, respectively), with the
cultivars NS 610 IPRO, FPS 1859 RR, M5838 IPRO and
BMX LANCA IPRO presenting the highest productions
of these. The production of pods with three grains ranged
from 24.70 to 52.55 pods per plant (BRS 5601 RR and
NS 5700 IPRO, respectively), with the cultivars NS 5700
IPRO, NEO 660 IPRO, NS 5445 IPRO, NS 6601 IPRO,

Rev. Ceres, Vigosa, v. 71, 71017, 2024

DM 53154 RSF IPRO and BMX ZEUS IPRO standing out
from the others. The production of pods with four grains
was low, however, the cultivars BMX ZEUS IPRO and
NEO660 IPRO showed significantly higher values (1.42
and 1.27 pods per plant, respectively) (Table 4).

The number of pods per plant ranged from 41.89 to
66.26 (BRS 5601 RR and NEO 660 IPRO, respectively),
with the cultivars NEO 660 IPRO, NS 5700 IPRO, DM
53154 RSF IPRO, NS 6601 IPRO, M5838 IPRO, NEO 610
IPRO and NS 5445 IPRO standing out from the rest (Table
4). Since most of these cultivars also stood out in the num-
ber of nodes, it is plausible to state that the number of pods
is limited by the number of nodes. Once the critical number
of nodes is reached, pod production (drains) is limited by
the supply of photoassimilates (sources) during flowering
and pod formation (Andrade et al., 2005; Egli, 2013;
Ramos Junior ef al., 2019). In addition, as the number of
pods per plant is related to the number of grains per plant
and, consequently, grain yield, the selection of this variable
occurs intensively in breeding programs, thus explaining
the small numerical distinctions observed among cultivars
(Rigon et al., 2012; Torres et al., 2015).

The number of grains per plant ranged between 93.21
and 174.75 (BRS 5601 RR and NEO 660 IPRO, respective-
ly). The production of grains per plant was directly propor-
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Table 4: Abstract of the analysis of variance with the sources of variation (SV), degrees of freedom (DF) and the mean squares of the
analysis of variance with the respective significance, coefficient of experimental variation (CV,p in %) and the means of the variables
evaluated in soybean cultivars sown during the 2019/20 harvest in Santo Augusto, Rio Grande do Sul, Brazil

PH® IHFP NN P1G P2G P3G

SV DF
Mean Square
Block 2 1.507" 43.325° 8.486" 0.064" 17.498" 129.968™
Cultivar 15 155.430° 33.176" 4.632° 0.371° 69.189" 210.708"
Error 30 16.612 10.697 1.045 0.092 4.136 42.062
CV,, (%) 4.17 24.76 5.45 40.89 14.75 17.56
Cultivar Mean
BMX LANCA IPRO 94.00 ¢ 11.68 b 18.35b 1.01a 18.81a 30.09 b
BMX ZEUS IPRO 98.78 ¢ 10.74 b 16.81b 0.24b 5.50d 40.17 a
BRS 5601 RR 9527¢ 1734 a 177106 0.65b 16.28 b 2470 b
DM 53154 RSF IPRO 98.07 ¢ 8.46b 19.40 a 1.27a 14.10b 41.87a
FPS 1859 RR 89.07d 17.79 a 2031 a 0.50b 19.81a 30.36 b
M5838 IPRO 89.52d 16.46 a 20.08 a 0.83b 19.26 a 36.80b
NEO 610 IPRO 90.63 d 13.26 b 19.40 a 1.30a 20.80 a 34.50b
NEO 660 IPRO 113.99 a 1777 a 20.14a 0.75b 14.43 b 49.80 a
NA 5909 RG 96.87 ¢ 10.55b 16.61b 141 a 16.38b 29.38b
NS 5258 RR 111.19a 9.10b 17.60 b 0.85b 17.31b 26.51b
NS 5445 IPRO 91.51d 9.58b 17.49b 0.35b 8.01d 46.03 a
NS 5700 IPRO 94.64 ¢ 10.76 b 19.18 a 0.55b 11.39¢ 52.55a
NS 6010 IPRO 10191 b 1632 a 18.11b 0.40b 9.72¢ 37.56b
NS 6601 IPRO 104.76 b 1588 a 20.30 a 0.73b 10.17 ¢ 45.60 a
NS 6909 IPRO 96.78 ¢ 15.60 a 19.58 a 0.61b 10.47 ¢ 31.67b
P95Y52 RR 97.59 ¢ 12.68 b 18.73 a 0.43b 8.20d 33.50b
Overall Mean 97.79 13.37 18.74 0.74 13.79 36.94
P4G PP GP WTG GY
SV DF
Mean Square

Block 2 0.065™ 255.614 1729.223" 134.517m 664631.1™
Cultivar 15 0.592° 175.802° 1444.471" 1166.488" 6904329
Error 30 0.064 61.530 395.936 530.124 394552.9
CV,, (%) 57.32 15.11 15.82 15.72 14.76
Cultivar Mean
BMX LANCA IPRO 0.12d 50.02 b 119.27b 15298 a 471523 a
BMX ZEUS IPRO 142a 4733 b 113.41b 178.20 a 5080.81 a
BRS 5601 RR 0.26d 41.89b 93.21b 15270 a 3992.08 a
DM 53154 RSF IPRO 0.60 ¢ 57.83 a 13420 a 14197 a 4200.93 a
FPS 1859 RR 0.81b 51.47b 121.92 b 145.01 a 4664.09 a
M5838 IPRO 0.00d 56.88 a 13126 a 13793 a 4575.19 a
NEO 610 IPRO 0.17d 56.77 a 137.63 a 12299 a 3759.19 a
NEO 660 IPRO 1.27a 66.26 a 17475 a 95.36a 329724 a
NA 5909 RG 0.05d 47.22b 110.65 b 136.56 a 4094.98 a
NS 5258 RR 0.53 ¢ 4520b 101.61b 15327 a 3927.55a
NS 5445 IPRO 0.48 ¢ 54.88 a 13487 a 164.74 a 5080.81 a
NS 5700 IPRO 0.26d 64.76 a 156.68 a 14275 a 4978.55a
NS 6010 IPRO 0.15d 47.84b 116.69 b 156.08 a 4318.10 a
NS 6601 IPRO 0.83b 5733 a 152.10a 13576 a 454391 a
NS 6909 IPRO 0.11d 42.86b 109.53 b 153.82 a 4488.54 a
P95Y52 RR 0.00d 42.13b 105.27b 173.53 a 3927.55a
Overall Mean 0.44 51.92 125.82 146.48 4352.79

(M PH — Plant height, in cm; IHFP — Insertion height of the first pod, in cm; NN — Number of nodes, in units; P1G — Pods with one grain, in units per
plant; P2G — Pods with two grains, in units per plant; P3G — Pods with three grains, in units per plant; P4AG — Pods with four grains, in units per plant;
PP — Pods per plant, in units; GP — Grains per plant, in units; WTG — Weight of thousand grains, in grams; GY — Grain yield, in kg ha'. * Indicate
significant effect by F test at 5% probability. ™ Indicates non-significant effect. Averages of cultivars not followed by the same lower case letter in the
column differed by the Scott-Knott test at 5% probability.
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tional to the number of pods per plant observed, since the
cultivars NEO 660 IPRO, NS 5700 IPRO, DM 53154 RSF
IPRO, NS 6601 IPRO, M5838 IPRO, NEO 610 IPRO and
NS 5445 TPRO resulted in the highest numbers of grains
per plant (Table 4). According to the literature, the number
of grains per plant is considered a determining factor for
the selection of cultivars with high productive potential in
breeding programs, in the same way as the number of pods
per plant (Cui & Yu, 2005; Kahlon & Board, 2012; Perini
et al., 2012; Rincker et al., 2014; Ghiday et al., 2017,
Yoosefzadeh-Najafabadi ef al., 2021; Ferreira et al., 2022,
Souza et al., 2023).

The weight of thousand grains ranged between 95.36
and 178.20 grams (NEO 660 IPRO and BMX ZEUS IPRO,
respectively), however, there was no significant difference
between cultivars (Table 4). According to Ribeiro et
al. (2016), the weight of thousand grains is determined
genetically, but it can be influenced expressively by the
edaphoclimatic conditions of the cultivation environment.
However, among the productive components, it is the
variable that presents the lowest percentage variation in the
face of environmental changes (Ramos Junior et al., 2019).
Also, Perini et al. (2012) points out that inversely propor-
tional relationships between the weight of thousand grains
and the number of grains per plant have been frequently
observed in brazilian soybean cultivars.

The grain yield ranged between 3297.24 and 5080.81
kg ha' (NEO 660 IPRO and BMX ZEUS IPRO, respec-
tively), but there was no significant difference among the
cultivars. On the other hand, numerically, the cultivars
BMX ZEUS IPRO, NS 5445 IPRO and NS 5700 IPRO
showed the highest grain yields (5080.81, 5080.00 and
4978.55 kg ha’, respectively) due to their high number of
grains per plant and weight of thousand grains. In contrast,
the low productivity of cultivar NEO 660 IPRO was due to
its low weight of thousand grains (95.36 grams), which was
the lowest among the cultivars (Table 4). The significant
variation in grain yield observed between the cultivars
evaluated (= 1780 kg ha'') shows the existence of different
levels of adaptability of commercial soybean genotypes to
the environmental conditions of the micro-region under
study, which reinforces the importance of conducting com-
parative studies between cultivars in order to promote the
adequate positioning of genotypes in specific environments
(Ferreira et al., 2022).

The evaluation of productive components and agronom-

ic characteristics has been used over the years in soybean
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breeding programs to guide the selection of genotypes and
assist in the definition of commercial cultivars. In general,
the central objective of crop genetic improvement focuses
on the selection of genotypes that are more resistant to bi-
otic and abiotic stresses and with high potential productive.
It is known that grain yield is the result of the sum of the
productive components of the plant (Yoosefzadeh-Naja-
fabadi et al., 2021). Thus, the knowledge of the correlation
between the productive components and grain yield is fun-
damental for the selection of more productive genotypes.
In general, characteristics such as the plant height, number
of nodes per plant, number of pods per plant, number of
grains per pod, number of grains per plant and weight of
thousand grains have positive effects on grain yield, that
way the selecting plants with a high expression of these
characteristics favors obtaining of genotypes with a high
grain yield (Specht et al., 1999; Baraskar et al., 2014; Islam
et al., 2015; Ghiday et al., 2017; Yoosefzadeh-Najafabadi
et al., 2021; Ferreira et al., 2022).

In view of this, the use of Pearson’s linear correlation
to estimate the direction and degree of linear association
between two random characteristics makes it possible to
verify the degree of interference of one characteristic on
another of economic interest, in order to assist in the indi-
rect selection of genotypes (Olivoto et al., 2016; Ferreira
et al., 2022). In addition, makes it possible to identify and
quantify the associations of morphological and productive
characters with crop performance (Carvalho ef al., 2015).
The interpretation of the coefficients occurs through the
sign of the correlation (i.e.: Negative = Inversely propor-
tional; Positive = Directly proportional), and the intensity
of this is represented numerically between values ranging
from -1 to 1 (Cargnelutti Filho et al., 2010).

Among the correlations with inversely proportional
effect, the following stand out in terms of intensity and
significance: WTGxPP (r = -0.56), WTGxGP (r = -0.56),
GYIHFP (r=-0.43) and WTGxNN (r =-0.38) (Figure 2).
In this perspective, the correlations between the weight of
thousand grains and the number of nodes, pods per plant
and grains per plant, reinforce the results observed pre-
viously, which indicated the tendency of reduction of the
weight of thousand grains as the number of nodes, pods
per plant and grains per plant increased (Table 3). The in-
versely proportional effect of the correlation between grain
yield and insertion height of the first pod is contrasting to
that observed by Almeida ef al. (2010), indicating that the
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selection of more productive genotypes is dependent on
the growing environment (Follmann ef al., 2017) and not
only on the characteristics of the productive component.
The expression of the phenotype is highly dependent on
the interaction between the genotype and the environment
(Ramalho ef al., 2012).

Among the directly proportional or positive cor-
relations, the following stand out for the intensity
and significance of the correlation coefficient: PPxGP
(r=0.97), P3GxGP (r=0.89), P3G*PP (r = 0.87), NNxGP
(r = 0.63), NNxPP (r = 0.60), P1GxP2G (r = 0.59),
WTGxGY (r = 0.56), WTGxGP (r = 0.56), P3G*xP4G
(r=0.46) and NNxP3G (r = 0.43). Thus, it is noted that the
number of nodes has a direct influence on the number of
pods per plant and grains per plant, variables that present
a high correlation between them (r = 0.97). Likewise,
it is observed that the number of pods per plant is posi-
tively correlated and influenced by P1G (r = 0.25), P2G
(r=0.27), P3G (r = 0.87) and P4G (r = 0.40). The number
of grains per plant has a high correlation with PP (r=0.97)

P1G
IHFP
P4G
PH
GP
PP
P3G

* * *

NN 043 06 063

ns ns ns ns

GY 0. 021 0.19

I S

16 0.28
* * ns ns ns ns ns ns
0.56 -0.38 -0.34 .. -0.16 -0.13 -0.28 -0.38 -0.43
& Q,va X & Q~?‘

and P3G (r = 0.89). Thus, it is understood that among all
the productive components evaluated, those that are most
closely linked are NN, PP and GP (Figure 2). The direct
impact of the number of pods per plant on the number of
grains per plant and, consequently, on soybean grain yield
was also reported by Bastidas et al. (2008) and Yoosefza-
deh-Najafabadi et al. (2021).

The grain yield was directly proportional to the weight
of thousand grains, having presented a positive correlation
coefficient (r=0.56). However, the grain yield is a complex
variable to be explained, having been positively influenced
by NN, GP, PP and P3G, with which it presents positive
correlations of less intensity (Figure 2). Therefore, it is
plausible to understand that grain yield is the result of the
balance between NN, GP, PP and of P3G with WTG. Since
grain yield was shown to be the result of the sum of the
effects of the above-mentioned productive components, all
of them are important in efforts to achieve new levels of
productivity in soybeans, so that selecting these characters

can result in higher grain yields (Ghiday et al., 2017).

0.59

ns ns

018 0.04

ns ns ns

008 -021 -0.18

038 007 001 -02
ns ns ns ns ns Corr
018 044 -0.11 017 015 I;:
ns ns ns ns ns 0.0

009 04 -019 025 027

ns ® ns ns ns
.. 018 046 -02 -0.07 -0.24

ns ns ns ns ns

0.06 019 008 | 0.16 0.35

ns ns

-0.25 0.15

ns ns

*
-043 -021 -0.13

Figure 2: Pearson correlation matrix between the productive components [Plant height (PH); Insertion height of the first pod (IHFP);
Number of nodes (NN); Pods with one grain (P1G); Pods with two grains (P2G); Pods with three grains (P3G); Pods with four grains
(P4G); Pods per plant (PP); Grains per plant (GP); Weight of thousand grains (WTG), and; Grain yield (GY)] of sixteen soybean
cultivars sown in Santo Augusto, RS, Brazil during the 2019/20 harvest. * Indicate significant effect by F test at 5% probability.

" Indicates non-significant effect by F test at 5% probability.

Rev. Ceres, Vigosa, v. 71, 71017, 2024



Correlation between productive components and grain yield of soybean

cultivars sown in the northwest region of Rio Grande do Sul 9

In the literature, some studies on linear relationships
in soybean suggest that plant height can be used to
indirectly select more productive cultivars, because tall
plants generally stand out for their ability to support seed
growth due to the highter mobilization of stem reserves
(Mohsen et al., 2013; Leite et al., 2015; Teodoro et al.,
2015; Follmann et al., 2017), however, this is not very
clear for the group of cultivars used, since the correlation
coefficient between GY*PH was negative (r =-0.16). On
the other hand, the positive effects observed by Kavalco
et al. (2014) and Souza et al. (2015) between the weight
of thousand grains and grain yield are reinforced by the
present study (r = 0.56) (Figure 2). Thus, based on both the
similar and divergent results, it is plausible to say that the
soil and climatic conditions of the growing environment
exert a strong influence on the grain yield of the geno-
types, regardless of their productive potential (Follmann
et al., 2017), since the expression of the phenotype is
determined by the interaction between the genotype and
the environment, genetic constitution of the cultivar and
of the environmental conditions of the micro-region of

cultivation (Ramalho ef al., 2012; Ferrari et al., 2016).

CONCLUSIONS

The cultivars BMX ZEUS IPRO, NS 5445 IPRO and
NS 5700 IPRO presented the highest grain yields, mainly
due to the high relationship between the number of pods
and grains per plant and the weight of thousand grains.

Indirect selection of more productive genotypes can be
performed through the characteristics weight of thousand
grains, number of pods, grains and nodes per plant, given

the significant positive correlation between them.
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