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ABSTRACT. We evaluated the performance of 25 soybean 
genotypes sown in the off-season, to identify the morphological 
attributes and yield determinants for seed yield in this period. The 
selected genotypes are commonly used among farmers and were 
purchased from seed traders. Sowing of soybeans during non-
preferential times is common in the northern part of the state of Rio 
Grande do Sul where it is sown after maize as a late crop. The 
objective was to evaluate the most suitable genotypes for non-
preferential cultivation. The experiment was conducted in the 
agricultural crop year of 2017/2018 in Tenente Portela - RS; the 
experimental design was a randomized block containing 25 soybean 
genotypes arranged in three replicates. Analysis of variance showed 
significance at 5% probability; there was variability for the first pod 
insertion height, plant height, number of pods on the main stem, 
number of pods in the branches, number of branches in the main 
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stem, branch length, number of pods containing one seed, number of 
pods containing two seeds, number of pods containing three seeds, 
seed mass per fractional plant due to the pod of origin containing one, 
two and three seeds and seed yield. The genotypes with the highest 
seed yield in the off-season period in the Northwest of the state of 
Rio Grande do Sul were BS 2606 IPRO, BMX Magna RR and M 
5947 IPRO. The productivity in kg per hectare was established with 
taller plants with superiority in the number of pods on the main stem, 
these pods being formed by two to three viable seeds. 
 
Key words: Glycine max; Seed production; Key traits 

INTRODUCTION 
 
In Brazil, more than 118 million tons of soybeans were produced in the 2017/2018 

agricultural crop, which was grown on 35 million hectares. The state of Rio Grande do Sul 
had the third highest productive performance in Brazil, with 17 million tons of grains and 
5.6 million hectares cultivated (Conab, 2018). 

In Brazil, there are many soybean genotypes destined for cultivation in favorable 
regions, making it possible to use this crop from the south to the north of the country, being 
sown in the preferential (main crop) and non-preferential (second crop) seasons (Meira et 
al., 2016; Carvalho et al., 2017; Szareski et al., 2018). The yield of soybean seeds is closely 
related to the phenotypic adaptability of the genotype to the particular environment and the 
time of sowing. The implementation of the off-season crop area has shown a great influence 
on productivity, as well as on the attributes of agronomic interest (Meotti et. al., 2012; 
Pelegrin et al., 2016; Szareski et al., 2016; Ferrari et al., 2018). Several factors can affect 
yield components, including unfavorable climatic conditions (Cruz, 2010), disease 
incidence and insect pests, which are potentially disruptive along the soybean cycle. 

In Rio Grande do Sul, there is a possibility of soybean cropping in the off-season 
due to the large cultivation area with maize, being sown between August and September, 
where the soybean planted in the second fortnight of December to the second half of 
January is justified, as an alternative source of income and also as a possibility of 
establishing a system of crop rotation using maize as the first crop and soybean as a second 
crop. (Camara, 2015; Carvalho et al., 2016; Follmann et al., 2017; Koch et al., 2018). 

In Rio Grande do Sul, the sowing period is weighted by climatic risk zonation, with 
soybeans destined for cultivation from September 21 to December 31, considering the 
differences between cycles and maturation groups (MG < 6.2), (6.2 ≤ MG ≤ 7.2) and (>7.2) 
of soybean (BRAZIL, 2018). This classification takes into account the duration of the 
soybean cycle between emergence and maturation, determined by the characteristics of the 
environment where it is implanted. Genotypes with early cycle are sown at the beginning of 
the soybean implantation window, as those with a long cycle should be sown between the 
middle and the end of the recommended period for soybean sowing (Oliveira and Rosa, 
2014). In this context, the objective of this work was to evaluate the performance of 25 
soybean genotypes sown in the off-season, to identify the morphological attributes and yield 
determinants for seed yield in this period. 
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MATERIAL AND METHODS 
 
The experiment was conducted in the agricultural crop of 2017/2018 in Tenente 

Portela - RS, at latitude coordinates: 27º22'10.20'' S and longitude: 53º45'23.00" W, with an 
altitude of 420 m. The growing environment consists of a dystrophic red Latosol (Oxisol) 
(Streck et al., 2008). The climate is classified by Köppen as subtropical humid Cfa and 
features a hot summer and a wet winter. 

The experimental design was a randomized block containing 25 soybean genotypes 
arranged in three replicates. The experimental units contained five meters of length and four 
rows, with spacing of 0.45 m between rows. The initial 0.5 m of each end of the 
experimental unit were discarded in order to measure the characteristics only in the useful 
plot, minimizing the experimental errors. 

Seeding was done manually in the second half of January 2018, at a density of 
250,000 plants for all genotypes tested. Base fertilization was based on the use of 300 kg.ha-1 
of N-P-K in formulation 02-20-20. Phytosanitary management was carried out in a 
preventive way according to soybean recommendations, in order to minimize the biotic 
effects in the results of the experiment, the harvest was carried out in the second fortnight of 
May, 2018. 

The soybean genotypes used were: AS 3610 IPRO, NS 5445 IPRO, FPS Solar 
IPRO, Produza IPRO, TMG 7062 IPRO, BMX Elite IPRO, NS 5959 IPRO, BS2606 IPRO, 
BMX Magna RR, BMX Garra IPRO, BMX Potencia RR, FPS Atalanta IPRO, DM 5958 
IPRO, M 5947 IPRO, TEC 6702 IPRO, M 5730 IPRO, BMX Tornado RR, DM 6159 IPRO, 
M 6410 IPRO, BMX Ponta IPRO, BMX Vanguarda IPRO, NS 5909 RG, LG 60163 IPRO, 
NS 6909 IPRO and AS 3570 IPRO. 

In order to obtain the attributes of interest, 10 randomly selected plants were 
evaluated in each experimental unit, the characters measured were: first pod insertion height 
(FPI, cm); plant height (PH, cm); number of pods in the main stem (NPMS, units); number 
of pods in the branches (NPB, units); number of branches on the main stem (NBMS, units); 
branch length (BL, cm); number of pods containing one seed (NP1S, unit); number of pods 
containing two seeds (NP2S, unit); number of pods containing three seeds (NP3S, unit); 
seed mass per fractional plant due to the pod of origin containing one, two and three seeds 
(SM1, SM2 and SM3, grams); seed yield (YIELD, kg.ha-1). 

The data were submitted to the diagnosis of normality and homogeneity of the 
residual variances, after analyzing the variance at 5% of probability in order to reveal which 
characters present variability, those that showed significance were submitted to the 
complementary analyzes by the multiple comparison test of averages by Duncan at 5% 
probability. Afterwards, a linear correlation was performed with the purpose of identifying 
the association tendencies between the characters. The statistical analyzes were performed 
using Genes software (Cruz, 2013). 

RESULTS AND DISCUSSION 
 
The analysis of variance (Table 1) showed significance at 5% probability; there was 

variability for the 25 soybean genotypes evaluated for the first pod insertion height (FPI), 
plant height (PH), number of pods on the main stem (NPMS), number of pods in the 
branches (NPB), number of branches in the main stem (NBMS), branch length (BL), 
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number of pods containing one seed (NP1S), number of pods containing two seeds (NP2S), 
number of pods containing three seeds (NP3S), seed mass per fractional plant due to the pod 
of origin containing one, two and three seeds (SM1, SM2 and SM3) and seed yield 
(YIELD). 

 
 

 

Table 1: Summary of variance analysis for the 25 soybean genotypes grown in 2017/2018. 
 

  Mean squares 
  D.F.1 FPI3 PH NPMS NPB NBMS BL NP1S NP2S NP3S SM1 SM2 SM3 YIELD 
Genotypes 024 128.13* 1335.29* 402.47* 1878.29* 30.24* 1117.27* 131.87* 512.37* 0587.83* 02.39* 33.94* 049.19* 10778650.70* 
Blocks 003 059.03 0484.16 276.43 0877.14 19.66 0560.70 009.61 137.98 1267.46 00.36 03.34 178.18 16668533.70 
Residue 890 020.91 0054.97 040.42 0208.63 02.87 0085.07 013.74 066.92 0086.44 00.32 06.69 013.87 02733171.00 
C.V.2 %   031.55 0011.51 028.05 0069.97 51.12 0040.47 055.15 041.85 0054.36 58.06 43.72 049.29 00000046.14 

* - Significant values at the 5% level of significance. 1- D.F.- Degrees of freedom 2- C.V.- Coefficient of variation. 3- 
FPI – first pod insertion height, PH – plant height, NPMS – number of pods on the main stem, NPB – number of pods on 
the branches, NBMS – number of branches on the main stem, BL – branch length, NP1S – number of pods containing 
one seed, NP2S - number of pods containing two seeds, NP3S - number of pods containing three seeds, SM1, SM2 e 
SM3 – seed mass per plant from pods with on, two and three seeds and YIELD – seed yield. 

 
There was a great variation (Table 2) for the morphological characters measured in 

the 25 soybean genotypes, where the first pod insertion height (FPI) was higher for 
genotypes DM 6159 IPRO, NS 5909 RG, Produza IPRO and BMX Garra IPRO 
respectively, in contrast the genotype NS 5445 IPRO obtained the lowest emphases for this 
attribute. Research by Sedyiama et al. (2009) indicate that the minimum length between the 
soil and the first pod should be 10 to 12 cm, this favors the mechanized harvest mainly in 
environment with a steep slope, the maintenance of this pattern can contribute 
concomitantly with the soybean yield, due to the maximization of the reproductive nodes in 
the main stem. 

In relation to plant height (PH), the highest values were found in the BMX Garra 
IPRO, Produza IPRO and BS 2606 IPRO genotypes, which were above 70 cm (Table 2). 
The genotypes AS 3570 IPRO, NS 5445 IPRO, BMX Vanguarda RR and M 5730 IPRO 
expressed smaller statures (Table 2). Research by Sediyama (2015) showed that soybean 
genotypes with height between 50 and 70 cm are more favorable to higher seed yields. 
Smaller magnitudes of this attribute were revealed for the genotype AS 3570 IPRO being 
this below the 48 cm. Studies have indicated that soybeans when cultivated in the off-
season or non-preferential period result in shorter stature, this is directly attributed to 
sowing time, photoperiod reduction and cycle shortening (Ludwig et al., 2010; Meier et al. 
2016; Muraro et al., 2018). 

The number of pods in the main stem (NPMS) was higher in the genotype BS 2606 
IPRO (29.7), but for the genotypes TMG 7062 IPRO, NS 5909 RG and LG 60163 IPRO the 
smallest magnitudes were obtained (Table 2). According to Szareski et al. (2015), the 
number of pods present on the main stem can correspond to up to two thirds of the total of 
pods in the soybean plant, in this way; these genotypes stand out as the most productive 
ones. 

The number of pods in the branches (NPB) was superior for the genotypes BS 2606 
IPRO, LG 60163 IPRO with 35.7 and 35.2 pods respectively. However, the NS 5445 IPRO 
and BMX Elite IPRO genotypes expressed less evidence for this character (Table 2). 

For the number of branches in the main stem (NBMS) the highest magnitude was 
observed for genotypes LG 60163 IPRO and BMX Elite IPRO with 5 to 6 branches per 
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plant. The branches length (BL) was prominent for genotypes LG 60163 IPRO and NS 
5445 IPRO. 

The number of pods containing only one seed (NP1S) was higher for the BMX 
Magna RR and BS 2606 IPRO genotypes. The magnitude of pods with two seeds (NP2S) 
showed the genotypes BS 2606 IPRO and NS 5445 IPRO as superior, for pods with three 
seeds (NP3S) the LG 60163 IPRO genotype was highlighted, with more than 25 viable pods 
(Table 2). The number of pods per plant is characterized as one of the determining factors 
for the potential productivity of soybean, being the seed dynamics per pod controlled by the 
pronounced effects of the growing environment (Bárbaro et al., 2006; Ferrari et al. 2016; 
Zimmer et al., 2016). 

The seed mass per plant from pods containing one seed (SM1) revealed superiority 
for BMX Magna RR, whereas seed mass from pods containing two seeds (SM2) was 
pronounceable for BS 2606 IPRO, and for seed mass attributed to pods with three seeds 
(SM3) showed superiority for the M6410 IPRO genotype with an indeterminate growth 
habit (Table 2). 

 
 

Table 2. Means for the 25 soybean genotypes for the characters measured in the 2017/2018 agricultural 
year. 
 

  FPI* PH NPMS NPB NBMS BL NP1S NP2S NP3S SM1 SM2 SM3 YELD 
AS 3610 IPRO 13.68 cg(1) 64.23 ef 20.23 ik 30.13 ac 4.60 bc 30.09 ac 8.53 bc 24.38 bc 19.40 bg 1.26 bd 6.63 bf 7.04 bf 3730.7 cf 
NS 5445 IPRO 9.96 h 53.96 j 24.86 bg 9.18 j 2.07 jk 12.03 j 5.39 eg 14.39 h 14.14 hk 0.90 ek 4.70 hi 7.68 af 3198.8 df 
FPS Solar IPRO 13.54 cg 64.19 ef 22.29 ej 16.25 fj 3.38 dh 19.56 gi 5.59 eg 17.42 fh 16.03 fj 0.80 gk 5.14 fi 6.29 cf 2946.4 ef 
Produza IPRO 17.58 a 70.97 ab 19.00 jk 21.80 dg 4.23 cd 31.54 ab 4.18 g 15.63 gh 20.33 bf 0.70 jk 5.58 ei 9.04 ab 4105.4 bd 
TMG 7062 IPRO 16.05 ac 69.30 bd 15.68 l 20.89 dh 3.61 dh 23.42 dg 5.42 eg 18.50 eh 16.87 ej 0.84 fk 5.87 ei 8.95 ab 3873.1 ce 
BMX Elite IPRO 11.95 gh 59.54 gi 25.95 bd 9.63 Ij 1.60 k 16.07 hj 8.25 bc 16.83 fh 9.63 k 1.12 cg 4.66 i 6.14 df 2853.9 f 
NS 5959 IPRO 15.98 ac 67.18 bf 26.33 bc 10.65 Ij 1.82 k 14.97 ij 5.43 eg 15.53 gh 14.28 gk 0.79 gk 5.09 fi 6.53 cf 2847.3 f 
BS 2606 IPRO 12.97 dg 70.81 ac 29.74 a 35.72 a 4.19 cd 31.74 ab 11.17 a 30.56 a 23.49 ac 1.50 b 8.17 a 8.87 ab 5103.8 a 
BMX Magna RR 13.00 dg 66.77 cf 21.81 fj 33.92 ab 5.15 ab 30.37 ac 11.76 a 25.20 b 21.35 ae 1.81 a 7.78 ac 9.13 ab 4887.2 ab 
BMX Garra IPRO 16.73 ab 73.83 a 26.50 b 18.88 eh 3.05 fi 21.04 eh 4.44 g 21.31 bf 18.90 ch 0.63 k 6.60 bf 8.91 ab 4047.6 bd 
BMX Potência RR 14.74 bf 69.35 bd 21.70 gj 21.58 dg 3.68 dh 25.55 ce 6.98 be 16.68 fh 19.80 bf 0.96 dk 4.79 gi 8.01 af 3189.3 df 
FPS Atalanta IPRO 15.95 ac 68.95 bd 22.29 ej 17.29 ei 3.16 ei 23.50 dg 5.34 eg 18.26 eh 15.55 fj 0.94 dk 5.47 ei 7.41 af 3427.5 cf 
DM 5958 IPRO 13.58 cg 64.40 ef 25.33 bf 16.13 fj 2.78 hj 19.56 gi 8.35 bc 20.68 cf 12.55 ik 1.21 be 6.31 cg 6.02 ef 3319.1 cf 
M 5947 IPRO 13.78 cg 67.85 be 24.30 bh 27.58 bd 3.60 dh 25.10 df 7.90 bc 25.38 b 18.93 ch 1.16 cf 7.85 ab 8.45 ac 4259.5 ac 
TEC 6702 IPRO 15.53 ad 63.10 fg 19.80 ik 18.75 eh 3.18 ei 20.79 eh 8.80 b 17.13 fh 12.15 jk 1.36 bc 6.63 bf 7.35 af 3723.3 cf 
M 5730 IPRO 13.48 cg 56.50 hj 21.00 hj 23.95 cf 3.28 dh 20.32 fh 8.10 bc 22.03 be 14.50 gk 1.09 ch 6.77 ae 6.19 cf 3505.4 cf 
BMX Tornado RR 13.33 dg 59.21 hi 22.90 ci 23.87 cf 3.87 cg 25.55 ce 6.67 cf 18.87 dh 20.60 bf 0.98 dj 5.22 fi 7.86 af 3448.2 cf 
DM 6159 IPRO 17.69 a 69.74 bc 25.39 be 13.05 hj 2.31 ik 19.08 gi 4.82 fg 19.36 dg 14.59 gk 0.71 jk 5.93 ei 7.60 af 3442.6 cf 
M 6410 IPRO 14.73 bf 68.05 be 24.78 bg 29.73 ac 3.98 cf 27.70 bd 5.70 dg 23.03 bd 24.33 ab 0.74 ik 6.21 dh 9.47 a 4146.8 bd 
BMX Ponta IPRO 14.95 be 65.43 df 22.73 di 24.68 ce 3.65 dh 26.61 cd 5.35 eg 19.15 dg 22.88 ad 0.77 hk 5.26 ei 9.29 ab 3679.5 cf 
BMX Vanguarda IPRO 13.98 cg 56.15 ij 19.88 ik 16.48 fj 2.75 hj 19.02 gi 5.33 eg 17.20 fh 13.78 hk 0.64 jk 4.90 gi 5.77 f 2898.6 ef 
NS 5909 RG 17.59 a 63.10 fg 17.31 kl 19.84 dh 4.03 ce 24.62 df 7.62 bd 18.26 eh 12.59 ik 1.06 ci 5.31 ei 5.73 f 2956.8 ef 
LG 60163 IPRO 13.16 dg 64.84 ef 17.58 kl 35.22 a 5.58 a 33.52 A 5.47 eg 20.39 cf 25.67 a 0.82 fk 7.55 ad 8.32 ad 3663.0 cf 
NS 6909 IPRO 12.30 fg 60.04 gh 25.60 be 16.37 fj 3.00 gi 19.62 gi 6.77 bf 16.83 fh 17.77 di 1.23 be 6.34 cg 9.06 ae 4013.1 bd 
AS 3570 IPRO 12.72 eg 48.77 k 22.51 dj 14.72 gj 2.05 Jk 14.18 j 5.64 eg 16.62 fh 14.44 gk 0.92 ek 4.95 gi 6.58 cf 3010.1 ef 

 
Seed yield (YIELD) was highest for BS 2606 IPRO, BMX Magna RR and M 5947 

IPRO genotypes, which obtained averages above 4,000 kg per hectare (Table 2), these three 
genotypes do not differ statistically among themselves at a 5% probability level by the 
Duncan test. Soybean yield is directly linked to acclimatization and adaptation of the 
genotype to the growing environment that this was inserted, therefore these genotypes listed 
as more productive tend to be recommended for the production of seeds in non-preferential 
time in the Northwest of the state of Rio Grande do Sul. 

The linear correlations allowed 78 associations, of which 77 were significant at 5% 
probability by the t test, when stratifying as to its meaning, 66 were expressed as positive 
and 11 were contrary trends (Table 3). 
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The first pod insertion height (FPI) is interconnected (Table 3) with the plant height, 
where genotypes with higher heights respond positively to this character, in contrast, reduce 
the magnitude of pods in the main stem and branches, number of branches on the main stem 
and branch length, number of pods with one, two and three seeds, as well as the mass of 
seeds from pods with only one and three seeds, and seed yield per area unit area. 

 
 

Table 3. Linear correlations among the characters of interest measured in 25 soybean genotypes grown in 
the 2017/2018 agricultural year. 
 

  FPI PH NPMS NPB NBMS BL NP1S NP2S NP3S SM1 SM2 SM3 YIELD 
FPI(1) 1 0.23* -0.25* -0.26* -0.17* -0.09* -0.20* -0.27* -0.28* -0.21* -0.25* -0.29* -0.32* 
PH  1 -0.32* -0.22* -0.28* -0.34* -0.11* -0.24* -0.32* -0.12* -0.24* -0.30* -0.31* 
NPMS   -1 -0.20* -0.04ns -0.14* -0.30* -0.43* -0.44* -0.25* -0.35* -0.39* -0.43* 
NPB    -1 -0.82* -0.71* -0.55* -0.79* -0.77* -0.46* -0.69* -0.65* -0.81* 
NBMS     -1 -0.67* -0.40* -0.63* -0.63* -0.35* -0.58* -0.51* -0.64* 
BL      -1 -0.40* -0.58* -0.58* -0.36* -0.50* -0.47* -0.59* 
NP1S       -1 -0.51* -0.26* -0.89* -0.46* -0.22* -0.45* 
NP2S        -1 -0.53* -0.44* -0.86* -0.41* -0.70* 
NP3S         -1 -0.22* -0.46* -0.90* -0.81* 
SM1          -1 -0.43* -0.20* -0.45* 
SM2           -1 -0.40* -0.75* 
SM3            -1 -0.87* 
YIELD                         -1 
* - Significant correlations at 5% level. ns- Non-significant correlations at 5% level. - FPI – first pod insertion height, PH 
– plant height, NPMS – number of pods on the main stem, NPB – number of pods on the branches, NBMS – number of 
branches on the main stem, BL – branch length, NP1S – number of pods containing one seed, NP2S - number of pods 
containing two seeds, NP3S - number of pods containing three seeds, SM1, SM2 e SM3 – seed mass per plant from pods 
with one, two and three seeds and YIELD – seed yield. 

 
Higher plants tend to show more pods on the main stem and ramifications, 

ramifications on the main stem and longer length of these ramifications, while potentiating 
the magnitude of pods with one, two and three seeds, as well as, the seed mass per plant 
originated from pods with one, two and three seeds, these attributes together determine the 
seed yield seeds per plant (Table 3). Studies by Follmann et al. (2017), show that higher 
plants potentiate grain yield of soybean. 

Higher magnitudes in pods on the main stem tend to increase the pods in the 
branches and their extension, as well as the number and mass of seeds independent of the 
original pod. The number of pods in the branches is directly related to the magnitude of 
ramifications per plant and its dimensions, being these responsible for the prominence of a 
greater number of reproductive units (Table 3). 

The seed yield per plant was inversely proportional to the first pod insertion height. 
In contrast, the highest yields were obtained in soybean genotypes that maximize the seed 
mass per plant and the number of pods containing two and three seeds, plants with branches 
and taller (Table 3), this will potentiate the probability of formation of reproductive nodes, 
flower emission and formation of pods, concomitant to this the superiority in number of 
seeds per plant. 

CONCLUSIONS 
 

The genotypes with the highest seed yield in the off-season in the Northwest of 
the state of Rio Grande do Sul are BS 2606 IPRO, BMX Magna RR and M 5947 IPRO. 
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Productivity was improved through taller plants with superiority in the number of pods 
on the main stem, these being formed by two to three viable seeds.  
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