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Root growth of soybean cultivars under different water availability
conditions

Crescimento radicular de cultivares de soja em campo em diferentes
disponibilidades hidricas

Julio Cezar Franchini'; Alvadi Antonio Balbinot Junior';
Henrique Debiasi'; Alexandre Lima Nepomuceno'

Abstract

Vigorous growth of soybean root system is a desired trait in breeding programs. However, few studies
have evaluated this feature under field conditions. The aim of this research was to evaluate root growth
of eight soybean cultivars under different water availability conditions. The experiment was carried out
in Londrina, Parana state, Brazil, during two growing seasons — with and without water deficit during
the vegetative period. Soybean roots were sampled at flowering and assessed for dry matter yield, area
and length at 0-0.25; 0.25-0.50; 0.50-0.75 and 0.75-1.00 m depth ranges. On average, root length and
area of the cultivars Embrapa 48 and BRS 284 under water deficit were 66% and 40% larger than the
others at 0.25-0.50 and 0.50-0.75 m layers, respectively. Under suitable water supply, BRS 282 showed
the highest root length and area. Apart from the cultivars Embrapa 48, BRS 284, and BRS 255RR,
soybean root growth was mostly lower under water deficit throughout the vegetative stage, which might
been due to a higher soil resistance to root penetration, resulting from low soil water content. Drought
increased the proportion of soybean roots at subsoil layers, mainly for Embrapa 48 and BRS 284. The
cultivars Embrapa 48 and BRS 284 are promising to be used in breeding programs targeting superior
root growth in subsoil layers.

Key words: Glycine max L. Root area. Root length. Root mass.

Resumo

O crescimento vigoroso do sistema radicular da soja ¢ uma caracteristica almejada nos programas de
melhoramento genético. No entanto, ha poucos trabalhos na literatura que avaliaram essa caracteristica
em condi¢do de campo. O objetivo dessa pesquisa foi avaliar o crescimento de raizes de oito cultivares
de soja em diferentes situagdes de disponibilidade hidrica. O experimento foi conduzido em Londrina,
PR, em duas safras, uma com déficit hidrico no periodo vegetativo e outra sem déficit. As raizes da soja
foram amostradas no florescimento e avaliadas quanto a massa seca, area e comprimento, nas camadas
de 0-0,25; 0,25-0,50; 0,50-0,75; e 0,75-1,00 m. Na safra com déficit hidrico, o comprimento ¢ area
radicular das cultivares Embrapa 48 e BRS 284 foram, em média, 66% e 40% maiores do que as demais
cultivares nas camadas de 0,25-0,50 ¢ 0,50-0,75 m, respectivamente. Com adequada disponibilidade
hidrica, a cultivar BRS 282 apresentou o maior comprimento e area radicular. Excetuando-se as
cultivares Embrapa 48, BRS 284 ¢ BRS 255RR, o crescimento radicular foi geralmente menor na
safra com ocorréncia de seca no estadio vegetativo, provavelmente em razdo da maior resisténcia do
solo a penetragdo das raizes. A seca aumentou a propor¢ao de raizes em camadas mais profundas,
principalmente na Embrapa 48 ¢ BRS 284. As cultivares Embrapa 48 ¢ BRS 284 sdo promissoras para
a obtengao de linhagens com maior crescimento radicular em camadas subsuperficiais.
Palavras-chave: Glycine max L. Area de raizes. Comprimento de raizes. Massa de raizes.
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Introduction

In Brazil, nearly 33.2 million ha were grown
with soybeans in the 2015/2016 growing season,
reaching an average yield of 3 t ha! (CONAB,
2016). In several Brazilian regions, crop yield and
stability are low, mainly because of drought and
nutrient scarcity (STOLF et al., 2009). Irrigated
soybean has little expression in Brazil, since farming
areas are far away from water sources, as well as
the high installation costs and energy consumption.
Moreover, soybean farming in Brazil has spread
widely, mainly over areas of sandy soils and high
air temperatures, in which the risk of yield losses
due to water and nutrient deficits are higher.

The key farming practices to reduce yield
losses induced by droughts are based on no-tillage
system (FRANCHINI et al., 2012), crop rotation
(CALEGARI et al., 2006), proper sowing time
with low probability of water shortfall at critical
stages, and use of drought-tolerant cultivars
(HUDAK; PATTERSON, 1996). Various morpho-
physiological affect soybean
tolerance to drought and nutrients shortage, either

characteristics

increasing water uptake or reducing water loss to
the atmosphere. Plants have several adaptation
mechanisms to withstand water stress such as
increasing translocation of photoassimilates to
roots and extending roots into deeper soil layers
(BENJAMIN; NIELSEN, 2006; DARDANELLII
et al., 1997). Among them, plant ability to redefine
root system distribution throughout the soil profile
has been considered a crucial tolerance mechanism,
largely determined by plant species (BENJAMIN;
NIELSEN, 2006) and cultivars (SPONCHIADO et
al., 1989). Nevertheless, information on root growth
of soybean cultivars under field conditions is scarce,
most likely because of the complexity of evaluation
(PANTALONE et al., 1996). Identifying cultivars
with high root growth at subsurface layers consists
of a valuable information, as it indicates suitable
cultivars for plant breeding program.

Several studies have shown drought effects on
soybean root growth, but findings are adversarial

(BENJAMIN; NIELSEN, 2006; MERRILL et
al.,, 2002). Root growth response to water stress
is associated to various factors such as cultivar
(HUDAK; PATTERSON, 1996), deficit timing in
relation to soybean growth stage (HOOGENBOOM
et al, 1987), and soil physical (BEUTLER;
CENTURION, 2004; GREACEN; OH, 1972;
RICHART et al., 2005), chemical (SPONCHIADO
et al., 1989) or biological (BENGOUGH et al.,
2011) limitations to root growth. In this context,
it is said that soil mechanical resistance to root
growth varies directly with the soil bulk density,
and inversely with the soil water content (KLEIN
et al., 2006; MORAES et al., 2014; VAZ et al.,
2011). Thus, even if there is no soil compaction root
growth can be impaired whether soil water content
is low enough to render soil mechanical resistance
limiting.

We hypothesized thatroot growth and distribution
throughout the soil profile varies among soybean
cultivars, especially in growing seasons with water
deficits during the vegetative stage. Therefore, our
study aimed to evaluate the root growth of eight
soybean cultivars in four soil depth ranges, in two
growing seasons under different water availabilities
during the vegetative stage.

Material and Methods

The field experiment was conducted during two
growing seasons in Londrina (23°11” S; 51°11° W;
and 620 m above sea level), Parand State, southern
Brazil. According to Kdppen’s classification, local
climate is humid subtropical (Cfa), with mean annual
temperature of 21°C. Mean maximum and minimum
temperatures are 28.5°C and 13.3°C in February and
in July, respectively. Mean annual rainfall is 1,651
mm, with an average of 217 mm in January (most
humid), and 60 mm in August (driest). The soil is
classified as an Oxisol (Dystroferric Red Latosol by
the Brazilian Soil Classification System; and Rhodic
Eutrudox by the USDA Soil Taxonomy), with 710
g clay kg! soil, 160 g silt kg™ soil, and 120 g sand
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kg soil, within 0.0-0.2 m depth. Analysis of a few
soil chemical properties at 0.0-0.2 m layer prior to
experiment installation were: organic carbon — 18.9
g dm”; pH in water — 5.8; K — 0.44 cmol dm"; P
(Mehlich 1) - 11.9 mg dm™; Ca - 8.01 cmol_dm
and Mg — 1.73 cmol  dm™.

The area has been managed under no-tillage
with soybean in summer and black oat (Avena
strigosa Schreb.) in winter for ten years; both crops
received the same management and inputs. The
experiment was laid out in a completely randomized
block design, with four replications, and placed on
the same area in both growing seasons. Treatments
consisted of eight soybean cultivars (Table 1). The

size of each plot was 4 x 5 m (20 m?). Prior to soybean
sowing, black oat was desiccated using glyphosate
(720 g a.i. ha!) mixed with mineral oil (0.5 L ha'!).
Soybean sowing was carried out in November for
both growing seasons, using row spacing of 0.45 m,
and 250,000 plants ha'. Soybeans were fertilized
with 45 kg ha' of phosphorus and 45 kg ha' of
potassium, applied 0.05 m below and alongside
the seeds simultaneously with the sowing. Soybean
seeds were inoculated with Bradyrhizobium elkanii
and B. japonicum. After sowing, crop management
and control of weeds, pests and diseases were the
same as for all plots and strictly following technical
recommendations for soybean production in the

region.

Table 1. Soybean cultivars used in the experiments.
Cultivars Maturity group Growth type
BR 16 6.7 Determinate
Embrapa 48 6.8 Determinate
BRS 184 6.7 Determinate
BRS 232 6.9 Determinate
BRS 255 RR 6.7 Determinate
BRS 282 6.9 Determinate
BRS 283 6.5 Indeterminate
BRS 284 6.3 Indeterminate

Source: Embrapa Soja.
Sequential water balance (Figure 1) was evapotranspiration was made by the Thornthwaite

calculated according to Thornthwaite and Mather
(1955), using ten-day temperature and rainfall
gathered from October to March of both growing
seasons, at a permanent weather station located at the
experimental site. Plant-available water capacity in
soil (PAWC) was estimated as 75 mm, considering
an effective root depth of 0.5 m, and an available
water content of 0.15 m* m, corresponding to the
difference between the volumetric water content
(0) at field capacity (FC), at a matric potential (‘¥ )
of —10 kPa, and a permanent wilting point (PWP
— ¥, ) of —1500 kPa, both determined using soil
samples collected at the site. Estimation of potential

(1948) method.

In both growing seasons, soybean root systems
were evaluated at full bloom stage — R2 (FEHR
et al.,, 1971). A 0.9 m wide and 1.0 m deep trench
was opened perpendicularly to two soybean rows,
per plot. Roots were evaluated following a method
adapted from Crestana et al. (1994), assessing their
length and area within subareas of 0.225 m wide
x 0.250 m deep. For contrast, roots were painted
white. Pictures of the subareas were taken using a
digital camera, and then segmented using threshold
technique. Next, images were analyzed and root
length and area were estimated using Delta-T Scan
software (Delta-T Devices Lta).

Semina: Ciéncias Agrdrias, Londrina, v. 38, n. 2, p. 715-724, mar./abr. 2017
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Figure 1. Sequential 10-day water balance from October to March under water deficit (A) and without water deficit

(B) growing seasons.
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Source: Embrapa Soja.

After digital imaging, the soil blocks (subareas)
were sliced into 0.05-m sections with a trowel; the
soil was packed into plastic bags and taken to the
laboratory for root dry mass determination. There,
soil was carefully washed in a water container, and
the roots were separated with a 150-mesh sieve.
Hereupon, roots were oven-dried at + 50° C for 72
h, and the root dry mass was determinate.

After testing variance homogeneity, normality,

independence of residuals, and model non-
additivity, ANOVA was applied for each growing
season singly. A combined statistical analysis

was also performed by taking growing season as

Oct1 Oct2 Oct3 Nov1 Nov2 Nov3 Dec1 Dec2 Dec3 Jan1 Jan2 Jan3 Feb1 Feb2 Feb3 Mar1 Mar2 Mar3

experimental factor. When ANOVA resulted in a
significant P value (P<0.05), the Scott-Knott test
was used for multiple comparisons among cultivars.

Results and Discussion

The interaction between soybean cultivars and
growing seasons was significant for all variables.
During the drought season, root dry mass was
significantly influenced by cultivars, but the effects
depended on the soil layer. The BR 16 cultivar
showed the highest root dry mass in the upper
soil layer (0.0- 0.25 m), being about twice as high
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compared to the other cultivars (Table 2). However,
the greatest root dry weight was observed for
Embrapa 48 and BR 16 at 0.25-0.50-m layer, and
for BRS 232, BRS 184 and Embrapa 48 at 0.50-

0.75-m depth. The differences among cultivars

Table 2. Root dry mass, root area, and root length of eight soybean cultivars evaluated during the R2 stage at 0.0-0.25,

grown without water deficit.

0.25-0.50, 0.50-0.75 and 0.75-1.00 m depth with and without water deficit during the vegetative stage.

grown under water deficit were not significant at
0.75-1.00-m depth. Conversely, root dry mass had
no difference among cultivars at all soil layers when

Soybean . Root dry mass . Root area ' Root length
cultivars With wgter Without Water With wgter Without Water With wgter Without wa-
deficit deficit deficit deficit deficit ter deficit
———————— Mg ha'! -------- -—-———-- mm? cm? -----—-- -—-—-—--cm cm? ----—-—-
0.00 - 0.25 m
BR 16 1.86aA 1.26aB 2.33aB 377bA 0.50aB 0.76 b A
Embrapa 48 0.92bA 1.09aA 3.06aA 339bA 0.58aA 0.69b A
BRS 184 0.86 b A 0.89aA 2.56aB 6.73aA 0.64aB 095aA
BRS 232 0.88b A 0.96 a A 220aB 5.60a A 0.52aB 0.87aA
BRS 255 1.O3bA 0.84aA 1.94aA 2.13cA 046aA 041cA
BRS 282 0.52bB 1.12aA 2.47aB 6.27aA 0.58aB 1.05aA
BRS 283 0.57bB 148 aA 1.82aB 341 bA 0.47aA 0.54cA
BRS 284 0.96b A 1.12aA 1.89aB 344b A 048 aB 0.69b A
CV (%) 36.6 20.6 17.0
0.25-0.50 m
BR 16 025aA 0.17aB 0.76 b A 1.12c A 0.16b A 022cA
Embrapa 48 0.25aA 0.17aB 1.52aA 0.74cB 0.27aA 0.16cB
BRS 184 0.16bA 0.15aA 0.82bB 1.61bA 021bA 029bA
BRS 232 0.10b A 0.15aA 0.76b B 1.79b A 0.19b B 029b A
BRS 255 0.13bA 0.19aA 0.85b A 0.78 cA 021 bA 0.15cA
BRS 282 0.08bB 0.17aA 0.77bB 220aA 020bB 0.38aA
BRS 283 0.13bA 0.13aA 0.66 b A 093cA 0.16bA 0.16 cA
BRS 284 0.15bA 0.18aA 1.22aA 091 cA 0.27aA 0.18¢B
CV (%) 33.6 30.9 25.6
0.50-0.75m
BR 16 0.07bA 0.12aA 0.65bB 1.01cA 0.15bA 020bA
Embrapa 48 0.13aA 0.13aA 1.17aA 095cA 021 aA 021bA
BRS 184 0.12aA 0.11aA 0.60bB 098 cA 0.16b A 0.18b A
BRS 232 0.18aA 0.09aB 0.84bB 1.23bA 020bA 022bA
BRS 255 0.07bA 0.11aA 0.77b A 0.96 cA 0.19b A 0.19b A
BRS 282 0.04bB 0.13aA 0.74b B 1.52aA 0.19b B 0.29aA
BRS 283 0.06b A 0.10a A 0.58bB 096 c A 0.14b A 0.17b A
BRS 284 0.10bA 0.09aA 099aA 0.78 cA 0.26aA 0.17bB
CV (%) 46.5 21.2 19.7
0.75-1.00 m
BR 16 0.03aB 0.07aA 0.58aA 0.81aA 0.13b A 0.16a A
Embrapa 48 0.08aA 0.05aA 047aA 0.59b A 0.10bA 0.13aA
BRS 184 0.07aA 0.04aA 046aB 091aA 0.12bA 0.14aA
BRS 232 0.08a A 0.05aA 0.60 a A 0.80a A 0.17aA 0.14aA
BRS 255 0.05aA 0.05aA 0.50a A 0.29b A 0.13b A 0.06bB
BRS 282 0.07aA 0.06aA 0.62aB 094aA 0.16aA 0.16aA
BRS 283 0.05aA 0.05aA 032aA 0.51bA 0.09b A 0.10bA
BRS 284 0.07aA 0.06a A 0.68aA 037bB 0.19aA 0.08bB
CV (%) 454 28.5 32.2

For each variable, means followed by the same letters, lowercase in the columns and uppercase in the rows, do not differ by Scott-

Knott and F tests, respectively (P<0.05).
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Under water deficit, root spread area was similar
among all cultivars at both 0.0-0.25 and 0.75-1.00-
m layers, however, Embrapa 48 and BRS 284
reached values, on average, 78% and 55% wider
than the others at 0.25-0.50 and 0.50-0.75-m layers,
respectively (Table 2). In absence of water deficit,
BRS 184, BRS 232, and BRS 282 showed increasing
root areas at 0.0-0.25 and 0.75-1.00-m depth ranges.
In the intermediate layers, BRS 282 stood out with
the largest root area. Root length variations among
cultivars were similar to those of root area (Table 2).
In the uppermost soil layer (0.0-0.25 m), BRS 184,
BRS 232, and BRS 282 exhibited the longest roots
during the most humid season, yet under hydric
shortfall no variation was seen among cultivars.
Under water deficit, root lengths were, on average,
approximately 40% longer for Embrapa 48 and BRS
284, at 0.25-0.50 m and 0.50-0.75-m layers, while
BRS 284, BRS 232 and BRS 282 were lengthy at
0.75-1.00 m layer. Additionally, BRS 282 achieved
the most significant root length at intermediate
layers throughout the wetter growing season.

In our study, the root dry mass, length and area
varied widely among cultivars, with and without
water deficit at vegetative growth stage. Although
the largest root dry mass, area and length were
observed at 0.0-0.25 m depth, the greatest root
growth changes among cultivars occurred at the
layers of 0.25-0.50 and 0.50-0.70 m. Dardanelli et
al. (1997) also found significant differences in root
growth comparing three soybean cultivars, which
was stated as a cultivar-specific ability of uptaking
water and nutrients from deeper soil layers.

Root growth response of soybeans to the distinct
water availabilities of each growing season was
strongly influenced by the cultivar, as previously
demonstrated by Hudak and Patterson (1996).
Moreover, the variables root area and length were
more sensitive than dry weight to predict the
effects of growing season on soybean root growth.
According to Table 2, BRS 282 exhibited the highest
root growth under suitable hydric conditions;
nonetheless, it had the major reduction in dry mass,

area, and root length when under drought at depth
ranges of 0.0-0.25, 0-25-0.50, and 0.50-0.75 m,
displaying a highly drought-sensitive root system.
Considering all depths together, BRS 282 root dry
mass, area and length were nearly 215, 240, and
170% lower under drought than when under proper
water supply, respectively. Likewise, the root area,
length and dry mass of BRS 184, BRS 232, and
BRS 283 were overall similar in the drier growing
season or lower in the season with proper water
availability, for all layers evaluated. Conversely,
when submitted to drought, Embrapa 48 and BRS
284 maintained or increased root area, length and
dry mass within a depth range from 0.25 to 1.00 m
compared to when under adequate water availability,
indicating thus little influence from water deficit on
root growth for these cultivars. Interestingly, BRS
255RR showed one of the least drought-sensitive
root system, once root area, length and dry mass
were not significantly affected by the season in all
layers studied. Nevertheless, this result cannot be
considered as a drought-tolerance indicator for BRS
255RR, since this cultivar showed low root area and
length in both growing seasons.

The concept that soybean root growth is increased
by drought has been widely spread in Brazil. In our
study, excepting the cultivars Embrapa 48, BRS
284, and BRS 255RR, soybean root growth was
generally lower under water deficit. In the literature,
the results regarding root growth response to drought
have been contradictory. Hoogenboom et al. (1987)
and Merrill et al. (2002) found increased soybean
root growth under drought. By contrast, Benjamin
and Nielsen (2006) observed increased soybean root
area under adequate soil water availability. Root
growth response to drought is determined by several
factors such as water deficit intensity, water deficit
timing regarding crop stage (HOOGENBOOM et
al., 1987), soil restrictive conditions to root growth
(BENGOUGH et al., 2011; BUSSCHER et al.,
1997; GREACEN; OH, 1972; SPONCHIADO
et al., 1989), and soybean genotype (HUDAK;
PATTERSON, 1996).
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It is possible that the root systems of Embrapa
48 and BRS 284 might have particular morpho-
physiological traits which enhance root ability to
break high soil penetration resistance (PR). Such
traits could be higher turgor pressure at elongation
zone; ability to seek for soil regions with lower
mechanical resistance; sharper root tips; production
of mucilage and other root deposits modifying
soil mechanical properties and reducing frictional
resistance between roots and soil; softer cell walls
in the axial direction; and higher production of root
hairs near tips for better root fixation, as discussed
by Bengough et al. (2011). These differences among
soybean cultivars concerning root abilities to
explore compacted soil layers had been previously
reported by Cardoso et al. (2006).

The effects of cultivar and growing season on
the relative distribution of soybean roots in the soil
profile varied according the variables considered.
The highest proportion of root dry mass, 74.8%
under water deficit and 76.0% without water deficit,
was concentrated in the uppermost soil layer (Table
3). The effects of growing seasons and cultivars
were small; however, BR 16 and BRS 283 showed
the highest proportion of root dry mass at 0.0-0.25
m depth with and without water deficit, respectively.
Benjamin and Nielsen (2006) found higher
concentration of root dry mass in the uppermost soil
layer, equivalent to over 90% at 0-0.23 m depth.
The relative distribution of root length and area was
influenced by cultivars and growing seasons. On
the average across cultivars, the proportion of root
length and area at the uppermost soil layer increased
from approximately 50% in the drier growing
season to about 60% under adequate water supply in
vegetative stage. Accordingly, the proportion of root

length and area at layers deeper than 0.25 m were
higher under water deficit in relation to absence of
drought, and the greatest increment was observed
for the deepest layer (0.75-1.00 m). The reduction
in the proportion of root length and area in the
uppermost soil layer under water deficit occurred
for all cultivars, but it was more evident in BRS
284, BRS 232, and Embrapa 48 (Table 3). For BRS
284, the reduction in the proportion of root length
and area at 0.0-0.25 m depth was counteracted by
increasing at all deeper layers. Additionally, the
proportion of root length and area at the deepest
layer (0.75-1.00 m) for BRS 284 decreased from
14.2% and 15.8% under drought to 6.7% and 7.1%
in adequate water availability in vegetative stage,
respectively.

The plant ability to modify root distribution in
the soil profile in response to water stress has been
recognized as an important mechanism of drought
tolerance (SPONCHIADO et al., 1989). Although
root growth was usually higher in the growing
season with adequate water availability, the
proportion of roots at 0.25-1.00 m depth increased
due to the water stress observed under drought, and
this increase was more evident for BRS 284. The
higher proportion of roots in deeper layers under
water deficit can be explained by a higher reduction
of the root growth at 0.0-0.25 m depth in this
growing season, which can be attributed, among
other factors, to the larger PR values in this layer as
a result of higher water loss by evapotranspiration.
In contrast, Benjamin and Nielsen (2006) concluded
that the relative distribution of soybean roots with
depth was not altered by the water deficit, suggesting
that this characteristic is probably influenced by
other factors, such as cultivar and soil properties.
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Table 3. Percentage of root dry mass, root area, and root length of eight soybean cultivars at 0.0-0.25, 0.25-0.50, 0.50-
0.75 and 0.75-1.00 m layers with and without water deficit during the vegetative stage.

Root dry mass

Root area Root length

Soybean cul-
tivars

With water Without water With water Without water With water Without water

deficit deficit deficit deficit deficit deficit
0.00 - 0.25 m
BR 16 84.2 77.3 53.9 56.2 53.2 56.7
Embrapa 48 67.2 74.2 49.2 59.8 50.0 58.0
BRS 184 72.3 73.0 57.7 65.8 56.6 60.9
BRS 232 72.7 75.6 50.0 59.4 48.1 57.2
BRS 255 79.2 70.6 47.8 51.2 46.5 50.6
BRS 282 76.5 76.2 53.7 57.4 51.3 55.9
BRS 283 70.4 83.6 53.8 58.7 54.7 55.7
BRS 284 76.2 77.2 39.5 62.5 40.0 61.6
Mean 74.8 75.9 50,7 58,9 50,1 57,1
0.25-0.50 m
BR 16 11.3 10.4 17.6 16.7 17.0 16.4
Embrapa 48 18.2 11.6 24.4 13.1 23.3 13.4
BRS 184 13.4 12.3 18.5 15.7 18.6 18.6
BRS 232 8.3 11.8 17.3 19.0 17.6 19.1
BRS 255 10.0 16.0 20.9 18.8 21.2 18.5
BRS 282 11.8 11.6 16.7 20.1 17.7 20.2
BRS 283 16.0 7.3 19.5 16.0 18.6 16.5
BRS 284 11.9 12.4 25.5 16.5 22.5 16.1
Mean 12.6 11.7 20,1 17,0 19,6 17.4
0.50-0.75 m
BR 16 32 7.4 15.0 15.1 16.0 14.9
Embrapa 48 9.5 8.8 18.8 16.8 18.1 17.6
BRS 184 10.1 9.0 13.5 9.6 14.2 11.5
BRS 232 14.9 7.1 19.1 13.1 18.5 14.5
BRS 255 54 9.2 19.0 23.1 19.2 23.5
BRS 282 5.9 8.8 16.1 13.9 16.8 15.4
BRS 283 7.4 5.7 17.2 16.5 16.3 17.5
BRS 284 7.9 6.2 20.7 14.2 21.7 15.2
Mean 8.1 7.8 17,4 15,3 17,6 16.3
0.75-1.00 m
BR 16 1.4 4.9 13.4 12.1 13.8 11.9
Embrapa 48 5.1 54 10.4 8.6 10.9
BRS 184 42 5.7 10.4 8.9 10.6 9.0
BRS 232 4.1 5.5 13.6 8.5 15.7 9.2
BRS 255 54 4.2 12.3 7.0 13.1 7.4
BRS 282 5.9 34 13.5 8.6 14.2 8.5
BRS 283 6.2 34 8.8 10.5 10.3
BRS 284 4.0 4.1 14.2 6.7 15.8 7.1
Mean 4.5 4.6 11,8 8,9 12,8 9.3

The percentage of root dry mass was higher than
the percentage of root length or area at 0.0-0.25
m depth (Table 3), indicating thicker roots in the
topsoil, as also observed Benjamin e Nielsen (2006).
In contrast, the percentage of root area and length

were higher than the percentage of root dry mass at
0.25-1.0 m depth. This result indicates thinner roots
at deeper soil layers, leading to a greater root area for
water and nutrient uptake by unit of photosynthates
allocated during root formation.
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Conclusions

The Embrapa 48 and BRS 284 cultivars are
promising for breeding programs to attain progenies
with improved root growth at subsoil layers and
under drought conditions.

Low water content in soil during a vegetative
stage reduces root growth for most of the evaluated
soybean cultivars.

Drought alters the relative distribution of
soybean root system in the soil profile, increasing
the proportion of roots at deeper layers.
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