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ABSTRACT: There was a change in the genetics of soybeans grown
in southern Brazil from the 2000s, which requires investment in
basic and detailed studies about growth and development. The
purpose in this paper was to characterize the overlap period of
vegetative and reproductive phases, growth in height and the
emission of nodes after the beginning of flowering in determinate
and indeterminate cultivars in different sowing dates and soybean
regions in Rio Grande do Sul. Field experiments were conducted
during the growing seasons of 2012/2013 and 2013/2014, in Santa
Maria, Itaqui, Frederico Westphalen, Capao do Leao, Julio de

Castilhos and in 3 commercial soybean crops in Restinga Séca,
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Tupanciretd and Agua Santa. Overlap determination (in days) of
vegetative and reproductive phases, difference in the number
of nodes and heightin R8 and R1 were estimated. The cultivars with
indeterminate growth had higher overlap period of vegetative and
reproductive phases, height growth and emission of nodes after the
beginning of flowering in comparison with the determinate cultivars.
The magnitude of the overlap values of vegetative and reproductive
phases and of the increase in height and number of nodes after R1
ranged with the type of growth, maturity group, location, and sowing
date.
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INTRODUCTION

In southern Brazil, the use of soybean cultivars with
indeterminate growth habit and maturity group (MG)
between 4.5 and 6.5 has increased since 2000 (Zanon
et al. 2015b). In Rio Grande do Sul (RS) State, this new
group of cultivars represented more than 90% of the area
cultivated with soybeans in the last 5 growing seasons
and allowed many farmers to anticipate (September and
early October) or delay (January and early February) the
sowing date (EMATER 2015). These changes in soybean
genetics and sowing date demand investment in basic
and detailed studies on growth and development so that
management practices can be adapted to the new cultivars.

The overlap of vegetative and reproductive
developmental phases in soybean is an important variable
since a longer overlapping period means more competition
for photoassimilates between vegetative (leaves and stems)
and reproductive (pods and seeds) structures (Setiyono
et al. 2011). The overlapping period is influenced by
temperature and photoperiod and is associated with
soybean growth habit, which is defined as the time of
termination of the main stem growth after the beginning
bloom (R1) developmental stage (Bernard 1972).

Bernard et al. (1998) accessed the soybean germplasm
bank of the United States Department of Agriculture
(USDA) and classified the cultivars from “1” (very
determinate) to “5” (very indeterminate) according to the
period after which the plants cease to grow vegetatively,
after the R1 stage. Cultivars with values lower than 2.0
were classified as determinate, i.e. they showed none or a
slight growth in stem height after the R1 stage. Cultivars
with values between 2.0 and 2.5 were classified as semi-
determinate and those with values > 2.5 were classified
as indeterminate since the stem elongation and node
appearance continue after the R1 stage until nearly the
grain filling stage. However, when soybean cultivars
are sown before or after the recommended period, the
duration of the overlapping period varies with weather
conditions during the development cycle, which may
change the growth habits (Bernard 1972; Heatherly and
Smith 2004).

A limited number of environments and genotypes were
studied by comparing different growth habits, and most
of the observations resulted from experiments conducted
outside Brazil during the 1970s, 1980s and 1990s (Fehr

et al. 1971; Bernard 1972; Bernard et al. 1998; Ashlock
and Purcell 2000). However, new soybean cultivars are
released annually, and farmers in southern Brazil are
currently using cultivars with indeterminate growth habit
and MG less than 6.5 in different production systems.
Therefore, it is worthy to resume studies to characterize
the duration of the overlapping period node appearance,
and stem height growth after R1. This information can
assist agronomists and farmers in choosing the most
appropriate sowing date, cultivars (MG), row spacing,
seeding density and other management practices to
exploit the genetic potential of each cultivar.

The objective of this study is to determine the
duration of the overlapping period between vegetative
and reproductive phases, the growth in plant height and
the node appearance after the beginning bloom stage
in determinate and indeterminate soybean cultivars in
different sowing dates and locations across the RS State.

MATERIAL AND METHODS

Field experiments were conducted during 2 growing
seasons (2012/2013 and 2013/2014) in 8 locations where
soybean is predominantly grown in RS (Figure 1). The
experimental sites were located at the Universidade
Federal de Santa Maria (Santa Maria and Frederico
Westphalen), Universidade Federal de Pelotas (Capao do
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Figure 1. Map of the State of Rio Grande do Sul, Brazil. Solid circles
indicate experimental sites, during the 2012/2013 and 2013/2014
growing seasons.
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Ledo), Universidade Federal do Pampa (Itaqui), Fundagao
Estadual de Pesquisa Agropecuaria - FEPAGRO Sementes
(Julio de Castilhos), and 3 commercial soybean fields
located at the counties of Restinga Séca, Tupancireta, and
Agua Santa. The climate in RS is subtropical humid with
hot summers and no dry season. Five types of soils were
observed in the experimental sites, from very deep, over
2.50 m, up to shallow, less than 1.0 m. In southern and
western RS, the experiments were conducted in areas
traditionally cultivated with rice (lowlands), where most
soils have low water storage capacity and low hydraulic
conductivity, compared with those of the highlands in
northern RS (Streck et al. 2008).

The soybean cultivars were selected due to the different
growth habits, and the range of relative maturity represent
all the MGs currently cultivated in RS (Table 1). In Santa
Maria, sowings were conducted before (September), during
(November) and after (February), the recommended
soybean sowing date in RS. In Itaqui, sowings occurred
before (October and November) and during (December)
the recommended period; in all other places, sowings
were conducted during the recommended period, totaling
12 sowing dates (Table 2). The fertilization, inoculation
of seeds with Bradyrhizobium japonicum, treatment

Table 1. Soybean cultivars, maturity group and growth habits used
in the experiments in Santa Maria, ltaqui, Frederico Westphalen,
Capao do Ledo, Julio de Castilhos, Restinga Séca, Tupancireta and
Agua Santa, Rio Grande do Sul.

Cultivars MG Growth habit
NS 4725 RR* 47 Indeterminate
NS 4823 RR 4.8 Indeterminate
TMG 7161 RR Inox 5.4 Indeterminate
BMX Energia RR 5.5 Indeterminate
TEC 5936IPRO 55 Indeterminate
BMX Turbo RR 6.0 Indeterminate
NS 6262 RR** 6.2 Indeterminate
NA 5909 RR 6.3 Indeterminate
IAS b 6.4 Determinate
Ilgra RA518 RR 6.6 Indeterminate
BMX Poténcia RR 6.7 Indeterminate
Fepagro 36 RR 72 Determinate
BRS 246 RR 7.2 Determinate
Bragg 73 Determinate
CD219RR 8.2 Determinate

*NS 4725 RR was sown only in Tupanciretd; **NS 6262 RR was sown only in
Restinga Séca. MG = Maturity group.

of seeds with fungicides and insecticides, as well as
control of weeds, pests and diseases were performed
according to the technical recommendations for the
crop. In Santa Maria, the experiments were irrigated
so that the plants developed without water deficit. In
the other areas, the experiments were conducted under
rainfed conditions, which represent most soybean farms
in RS. Experiments in Santa Maria, Itaqui, Capao do
Ledo and Frederico Westphalen were conducted in a
completely randomized blocks design, with 4 replications.
Each block had 17 rows, with 2 border rows on each
side. Each 3-m-long row contained 1 cultivar. In Julio
de Castilhos, the experiment had 3 replications, and
the plots had four 5-m-long rows of each cultivar. In the
commercial soybean fields (Restinga Séca, Tupancireta,
and Agua Santa), the experiments were conducted as
demonstrative plots (without repetition), and each plot
consisted of four 3-m-long rows of each cultivar. In all
experiments, the row spacing used was 0.45 m, with
30 plants-m™?, which represents the row spacing and
density used in most soybean farms in RS (EMATER 2015).

The emergence was defined when the cotyledons of 50%
of the plants were above the soil surface. Shortly after the
appearance of the first pair of unifoliate leaves, the plants
used to assess the number of nodes (NN), phenology, and
plant height (H) were marked with colored wire. The date
of the final number of nodes was set when no new nodes
appeared on the main stem. The evaluations for identifying
reproductive stages, R1; R3; R4; R5; R6; R7, and R8, followed
the scale of Fehr et al. (1971). Table 2 shows detailed
information about the experimental protocol.

The duration, in days, of the emergence phase to the
beginning bloom (R1), emergence of the final number of
nodes, beginning bloom to maturity (R8), and the total
cycle were determined. Stem height (distance from the
ground to the growth apex, in cm) was measured in R1
and R8 stages. Statistical analysis was performed for the
overlapping period (OP), in days, and for the difference
in NN and stem height observed in R1 and R8 stages.
Data analysis was performed for each sowing date in
all sites, according to Heatherly and Smith (2004). The
means were compared by Tukey’s test (p < 0.05). Contrast
analysis was performed to compare cultivars with different
growth habits. Because the commercial soybean fields
had no replications, only the means of the variables for
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Table 2. Experimental site, altitude, soil texture, sowing date, number of plants per cultivar and frequency of phenological evaluation,
and number of nqdes for the experiments in Santa Maria, Itaqui, Frederico Westphalen, Capao do Leao, Jilio de Castilhos, Restinga Séca,
Tupancireta and Agua Santa, Rio Grande do Sul.

Plants evaluated per

Evaluation frequency

Altitude Soil cultivar (days)
(m) texture Phenology and Phenology Number of

number of nodes nodes
9/27/2013 20 2 2-4
Santa Maria 95 Loam 11/15/2013 20 2 2-4
2/6/2014 20 2 2-4
10/16/2013 20 5-7 5-7
Itaqui 74 Loam 11/25/2013 20 5-7 5-7
12/23/2013 20 5-7 5-7
Frederico Westphalen 566 Clay 11/23/2013 20 3-5 3-5
Capao do Ledo 13 Median Clay 11/9/2012 20 2-3 2-4
Julio de Castilhos 513 Sandy Clay 11/18/2013 30 2-7 5-9
Restinga Séca 63 Loam 11/14/2013 10 2-6 4-6
Tupancireta 456 Clay 11/17/2013 10 4-6 6-8

Agua Santa 650 Very Clay 11/8/2013 10 12-14 12-14

Total 12 2.840

each cultivar were analyzed. All statistical analyzes were
performed using the SAS statistical software.

RESULTS AND DISCUSSION

Weather characterization

The weather throughout the soybean development
cycle in the 8 locations and 12 sowing dates represented
almost all the situations that may occur in commercial
soybean fields in RS (Figure 2). In most sites and sowing
dates, mean daily temperature, photoperiod, and solar
radiation increased at the beginning and decreased in the
rest of the developmental cycle. These facts indicate that
sowings were performed before and during the sowing
window in RS. The sowings in Itaqui and Santa Maria
occurred on 12/23/2013 and 2/6/2014, respectively, and
the weather variables decreased throughout the growing
season in these 2 places, indicating that the sowings
were performed after the recommended period. The
variation of the availability of meteorological variables
as a function of sowing date and local changed the
overlapping period, stem height, and number of nodes
after R1 between growth habits and MG (Figures 3,4,5,6).

Experiments with irrigation

Stem height and NN in R1 was higher for determinate
soybean cultivars (Table 3). Similarly, Heatherly and
Smith (2004) and Zanon et al. (2015a) reported that
determinate cultivars have higher growth rate up to
the R1 stage while the indeterminate ones have slower
initial growth, which ceases only at the beginning of
grain filling. The stem height at R8 was not significantly
different between growth habits, except for November
sowing, when determinate cultivars were taller. This
result demonstrates the soybean breeding in the last 15
years, as the cultivars with indeterminate growth habit,
which currently represent the majority of the cultivars
sowed in southern Brazil, were inexpressive in soybean
farms until the 2000s. The increased height of these plants
caused lodging and, consequently, reduced productivity
(Mundstock and Thomas 2005). The lower NN at R8 for
determinate cultivars sown in September is associated
with their growth habit, i.e. the short photoperiod in late
September and early October induced early flowering
and ceased the appearance of nodes a few days after R1.
On the other hand, the indeterminate cultivars continued
to produce nodes up to the beginning of grain filling,
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Figure 2. Mean daily air temperature (°C), photoperiod (h-d?), rainfall (mm-d-*) and solar radiation (MJ-m~-d-!) during the experiments in
Santa Maria (a, b), Itaqui (c, d), Capao do Ledo (e, f), Julio de Castilhos (g, h) and Frederico Westphalen (i, j).
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Figure 2. Mean daily air temperature (°C), photoperiod (h-d?), rainfall (mm-d-*) and solar radiation (MJ-m~-d-!) during the experiments in
Santa Maria (a, b), Itaqui (c, d), Capao do Ledo (e, f), Julio de Castilhos (g, h) and Frederico Westphalen (i, j).

although they also had been induced to flowering (Zanon
et al. 2015b).

The overlapping period, stem height, and NN
between R1 and R8 were higher on average for cultivars
with indeterminate compared to determinate growth.
However, the values decreased for delayed sowing date in
indeterminate cultivars and remained almost unchanged
in determinate cultivars (Figure 3). Stem height, number
of nodes, and overlapping period in most determinate
cultivars differed from the first studies on soybean growth
habits (Egli and Leggett 1973), when vegetative growth
ceased after R1. Thus, further studies are necessary to
understand and reclassify, according to growth habit, the
cultivars currently sown by farmers in southern Brazil.

Bragantia, Campinas, v. 75, n. 4, p.446-458, 2016

Furthermore, it is suggested that cultivars currently
classified as determinate should be reclassified as semi-
determinate growth.

Stem height after R1 in indeterminate and determinate
cultivars varied, on average, from 122 to 481% and 4 to
40%, for September sowing, from 58 to 370% and 18
to 33%, for November sowing, and from 57 to 129%
and 34 to 49%, for February sowing, respectively. The
increase in NN after R1 for September, November, and
February sowings varied from 8 to 26%; 19 to 31%
and 17 to 21%, in determinate cultivars, and from 79
to 163%; 43 to 170%, and 23 to 52% in indeterminate
cultivars, respectively. This wide variation in growth
and development after R1 up to the appearance of the
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last node is associated with the MG range (4.7 to 8.2),
sowing season date (September to February), and growth
habits. From these results, it is clear that management
practices need to be adapted to the cultivar growth habit,
MG, and depend on the sowing date.

Previous studies at higher (38°N; Egli and Leggett
1973) and similar (33°N; Heatherly and Smith 2004)
latitudes showed that determinate cultivars reached more
than 70% of the final height and 80% of the NN, while
indeterminate cultivars reached less than 50% of the final
height and 60% of the final NN, at R1, respectively. These
results are different from ours in RS climate conditions,
indicating the complex genotype versus environment
interaction for soybean. Therefore, agronomists and
farmers should be very careful when extrapolating results
of studies conducted in other locations to decide about
the best management practices for their crops.

Experiments under rainfed conditions

Plant height and NN at R1 were higher for determinate
cultivars, following the same trend of the results in Santa
Maria (irrigated experiments). NN at R8 was higher for
indeterminate cultivars, except in Frederico Westphalen.
Height at R8 did not differ for growth habits, except
for October sowing in Itaqui, where the indeterminate
cultivars were taller (Table 3).

Indeterminate cultivars showed, on average, longer
overlapping, higher stem growth for October and November
sowings, and higher NN for October sowing, in Itaqui (Figure 4).
The overlapping period ranged from 18 to 24% and 40 to
49%, for October sowing, from 21 to 25% and 32 to 44%,
for November sowing, for determinate and indeterminate
cultivars, respectively. The height difference between R8
and R1 ranged from 11 to 22% and 49 to 109%, for October
sowing, from 3 to 20% and 29 to 114%, for November sowing,
from 9 to 28% and 19 to 68%, for December sowing, for
determinate and indeterminate cultivars, respectively. On
the other hand, the difference between NN in R8 and R1,
in determinate and indeterminate cultivars, ranged from 23
to 49% and 82 to 212%, for October sowing, and from 25 to
39% and 48 to 151%, for November sowing, for determinate
and indeterminate cultivars, respectively. There were no
significant differences between determinate and indeterminate
cultivars within the same sowing date for the overlapping
period, stem height, and number of nodes after the R1 stage.
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Figure 3. (a) Overlap, in days, between beginning bloom (R1) and
final number of nodes (FNN); (b) Stem height difference, in cm,
between R8 and R1 (E R8 — R1); (c) NN difference between R8 and
R1 (N R8—R1) for soybean cultivars sown on 27/09/2013,15/11/2013
and 6/2/2014 in Santa Maria, RS.

452 Bragantia, Campinas, v. 75, n. 4, p.446-458, 2016



Soybean growth habit

In Itaqui, the rainfall between sowing date and R7 was
753, 726, and 741 mm for the October, November, and
December sowing dates, respectively. It is hypothesized
that the water shortage periods that occurred during the
developmental cycle — resulted from low water storage
capacity of the soil and the small soil volume explored by
the roots (< 0.5 m) — explain the small and no difference,
in absolute values, of variables between cultivars of different
and same growth habit, respectively, compared to the
experiments in Santa Maria. The low hydraulic conductivity
associated with high rainfall in early November and
mid-March (Figure 2d) caused stress in plants by excess
water in the soil. When the sowing was performed in the
recommended season, indeterminate cultivars had longer
overlapping period, higher NN after R1 in Capéo do Leao
and Julio de Castilhos, and higher stem growth after R1
in Julio de Castilhos (Figure 5). The cultivar NS 4823 RR
of MG 4.8 had the longest overlapping period as well as
the largest increase in NN and height after R1, compared
with other indeterminate and determinate cultivars.

Experiments in commercial soybean farms

In the experiments conducted in commercial soybean
farms, the increase in stem height and NN after R1 as well as
the overlapping period showed the same trend of the other
sites (Figure 6). In Restinga Séca, the difference between
determinate and indeterminate cultivars was higher, probably
because no morphological symptoms of water deficit were
observed. In Agua Santa, the small differences between growth
habits are associated with delayed sowing date (December),
which reduced growth and development cycle. Soybean is a
short-day plant, and a late sowing date induced it to bloom
faster than the plants that were sowed in Restinga Séca and
Tupanciretd (November), which were exposed to increasing
photoperiod for a longer period (Sinclair et al. 2005; Zanon
etal. 2015b). Thus, as sowing is delayed, the differences in
growth and development of soybean cultivars with different
growth habits tends to be smaller.

Joint analysis of the experiments

Based on the differences in the overlapping periods, stem height,
and NN between R1 and R8 for determinate and indeterminate
cultivars regarding sowing date and local, it is clear that there is
genotypic variability and patterns of growth and development
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Figure 4. (a) Overlap, in days, between beginning bloom (R1) and
final number of nodes (FNN); (b) Stem height difference, in cm,
between R8 and R1 (E R8 — R1); (c) NN difference between R8 and
R1 (N R8 —R1) for soybean cultivars sown on 27/09/2013,15/11/2013
and 6/2/2014 in ltaqui, RS.

Bragantia, Campinas, v. 75, n. 4, p.446-458, 2016 453



A.J.Zanon et al.

~~
<
~

I
L
o
(o]

| | | |
t t t t T

o o o o o o
Kol < ™M o~ —

N3N pue Ty usamiaq sheq

aleulwialag

2jeulwISIBpU|

¥y 612 A
99vyd

¥y 92 Sud

yY 9¢ oibeday
Yy elousiod XWg

Cultivars

4 6065 YN

G SvI

gy 0L XWeg
gy 814 elb)

dy e1biaug xwe
dd €287 SN

(e)

sjeulwislaq

aleujwialapu|

44 612dD
99vyd

dd 972 Sy

Yy 9¢ oibeda
Yy erousiod XWg

Cultivars

dd 606G YN
G SvI

¥y 0ginL XWe
Y 816 b

dy elbiau3 Xwg
dY €287 SN

paq
paq

apo

N3N pue Ty usamiaq sheq

aleulwiaag

aleujwlialepu|

Xou| ¥y T9TL OWL
0YdI9€65 J3L
Y 6T2ad
99vyg

Y 97z Sud

Yy 9¢ olbedaq
dy e1oudlod XW4
44 6065 VN

g SvI

Y 814 elb)

dy e1biaug xweg
Y €287 SN

Cultivars

aleulwialag

ajeulwIaBpu|

XOU| HY T9TLOWL
0YddI9ges O3L

dd 612 dd
29vyd

Hd 9vZ SHd

dYy 9¢ oibeda

Cultivars

Y e1oualod XWe
4 6065 YN

G SVl

Y 814 eib|

dy elbiaug xwe
Y €287 SN

—~
1S

~

$9p2
paqge

apoq

POO —
9P -
Y

Jop0
yb

0 -—

Jop -

J —
Bjo —m—

o0 —
Jopd —E—
POQ —
e -

<
I<
i

60 +

30 4

20 +

10 |
0

| |

T T
o o
[Xe] <

c

N4N PUe Ty usamiaq skeq

ajeuiwIsiag

aleulwIaapuy|

XOU| Yy T9TL OWL
0YdI9e6S 031
dd 6T¢ dd

09vyad

¥y 9¥Z Sud

¥y 9¢ oibedaq
Yy eroualod XWg
yd 6069 VN

Yy oqunL XINg
Y 814 elb)
dy elbiauz xweg

dy €287 SN

sreulwislaq

ajeulwlalapu|

XOoUu| Yy T9TL OWL
0YdI9¢6G 031

¥y 612 dD
299vyd

dd 92 SHd

¥y 9¢ oibeda4
Y erousiod XWg
44 6069 VN

¥y 0ginL XWg
Y 816 elb)
Yy elbisug xwg

Hd €87 SN

Cultivars

Cultivars

*Means followed by the same lowercase letters (comparison between cultivars sowed in the same local) do not differ by Tukey’s test

**Means followed by the same uppercase letters do not differ by contrast analysis at 5%

...continue

Figure 5. (a) Overlap, in days, between beginning bloom (R1) and final number of nodes (FNN); (b) Stem height difference, in cm, between R8
and R1 (E R8 — R1); (c) NN difference, between R8 and R1 (N R8 — R1) for soybean cultivars sown in Capdo do Ledo (a, d, g), Julio de Castilhos

(b, e, h) and Frederico Westphalen (c, f, i), RS, in the 2013/2014 growing season.
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after R1, among cultivars, regardless of growth habit. These
results indicate that breeding programs can select populations
with different overlapping periods, stem height growth, and NN
after R1, based on the desired traits depending on the sowing
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Figure 5. (a) Overlap, in days, between beginning bloom (R1) and
final number of nodes (FNN); (b) Stem height difference, in cm,
between R8 and R1 (E R8 — R1); (c) NN difference, between R8 and
R1 (N R8 — R1) for soybean cultivars sown in Capao do Ledo (a, d,
g), Julio de Castilhos (b, e, h) and Frederico Westphalen (c, f, i), RS,
in the 2013/2014 growing season.

Figure 6. (a, b, c) Overlap, in days, between beginning bloom (R1)
and final number of nodes (FNN); (d, e, f) Stem height difference, in
cm, between R8 and R1 (E R8 — R1); (g, h, i) NN difference, between
R8and R1(N R8 - R1) for soybean cultivars sown in commercial farms
in Restinga Séca (a, d, g), Tupancireta (b, e, h) and Agua Santa (c, f,
i), RS, in the 2013/2014 growing season.
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date. Knowledge of the variability among growth habits is the key
to achieve maximum vyields in either early or late sowing date,
because the traits, stem height, and NN are key factors for the
adaptation of cultivars, management practices, and potential yield
(Wilcox and Sediyama 1981). Moreover, these results indicate the

need for eco-physiological (photoassimilates partitioning) and
physiological (photosynthetic rate and stomatal conductance)
studies to elucidate the differences among cultivars of the same
and/or different growth habits, MG, sowing date, and local of
cultivation.
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Figure 6. (3, b, c) Overlap, in days, between beginning bloom (R1) and final number of nodes (FNN); (d, e, f) Stem height difference, in cm,
between R8 and R1 (E R8 — R1); (g, h, i) NN difference, between R8 and R1 (N R8 — R1) for soybean cultivars sown in commercial farms in
Restinga Séca (a, d, g), Tupancireta (b, e, h) and Agua Santa (c, f, i), RS, in the 2013/2014 growing season.
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Table 3. Contrasts between cultivars with determinate (IAS 5, Fepagro 36 RR, BRS 246 RR, Bragg and CD 219 RR) x inderteminate growth
habit (NS 4725 RR, NS 4823 RR, TMG 7161 RR Inox, BMX Energia RR, TEC 5936 IPRO, BMX Turbo RR, NS 6262 RR, NA 5909 RG, Igra RA
518 RR and BMX Poténcia RR) for the variables stem height at R1 (Height R1) and at R8 (Height R8), number of nodes in R1 (NN R1)
and number of nodes in R8 (NN R8) in trials in Santa Maria, Itaqui, Capao do Leao, Julio de Castilhos and Frederico Westphalen, Rio
Grande do Sul.

Height R1 Height R8
(Det x Ind)
Santa Maria (9/27/2013) 83 x 43* 100 x 110" 14.8 x 9.3 170 x 19.3*
Santa Maria (11/15/2013) 110 x 61* 138 x 119* 15.9 x 10.7" 19.7 x 179*
Santa Maria (2/6/2014) 45 x 25 62 x 46™ 9.5 x 6.1* 11.2 x 8.4*
Itaqui (10/16/2013) 41 x 33" 48 x 57* 10.3 x 7.8" 13.4 x 16.3*
Itaqui (11/25/2013) 57 x 46" 63 x 66™ 11.0 x9.1* 14.6 x 15.5*
Itaqui (12/23/2013) 47 x 40 55 x 53ns - -

Capao do Leao 83 x 48" 108 x 100" 153 x 11.3* 18.4 x 19.1*
Julio de Castilhos 91 x 56* 114 x 113 16.0 x 11.9 18.7 x 19.1*
Frederico Westphalen 54 x 35 102 x 102" 14.2 x 10.4" 16.9 x 16.6™

@NN at R1 and at R8 were not evaluated for the 12/23/2013 sowing date in Itaqui; nsNon-significant; *Significant at 5%. Det = Determinate growth;

Ind = Indeterminate growth.

From this study, agronomists and farmers can make
management decisions based on updated technical information
when a new soybean cultivar is released. The indeterminate
cultivars had longer overlapping period as well as higher stem
elongation and NN after R1 in most locations and sowing
dates. According to these results, it is possible to conclude
that the indeterminate cultivars have greater stability and
ability to adapt to adverse growing conditions, such as early
or delayed sowing date, short periods of water shortage or
surplus in the soil, which is often observed in RS. These
characteristics allowed us to understand the reason behind
the changing growth habits of soybean cultivars grown in
southern Brazil in the last 15 years.

CONCLUSION

The overlapping period, stem height elongation, and
number of nodes between R1 and R8 were higher for

cultivars with indeterminate growth habit compared
with the determinate one, and the magnitude of
these differences decreased as sowing was delayed for
indeterminate cultivars and remained almost unchanged
for determinate ones.

Further studies aiming to understand and reclassify
the cultivars currently sown by farmers in southern Brazil
according to their growth habit are needed.
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