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Abstract

Seed size and sowing depth are important factors for an adequate plant stand in soybean crops. This study aimed at assessing the
emergence and morphological development of soybean plants, affected by seed size and sowing depth in sandy texture soil. The
trial was carried out in a greenhouse with an experimental design of randomized blocks, organized in the factorial scheme 3 x 3.
The factors were seed size (sieves 6.0, 6.5, and 7.0 mm) and sowing depth (2.0, 4.0, and 6.0 cm) with four replications. We assessed
the emergence, emergence speed index, mean time of emergence, number of leaves per plant, stem diameter, plant height, dry
mass of leaves, dry mass of stem, dry mass of root system, dry mass of shoot, total dry mass of plant, leaf area, root system
volume, root system density, shoot/root ratio, ratio of leaf area, and ratio of leaf dry mass. The seed size does not influence the
emergence of soybean seedlings; however, the seeds of sieve 7.0 mm produce plants with a higher dry mass of stem, dry mass of
shoot, and root system volume. The soybean sowing at 4.0 cm depth resulted in the highest morphological development.

Keywords: Glycine max L. Merrill, emergence, vigor

Abbreviations: DAE_days after emergence; EMER_emergence rate; MET_mean emergence time; ESI_emergence speed index;
PH_plant height; SDI_stem diameter; NLV_number of leaves per plant; LA_leaf area; LDM_leaves dry matter; STDM_stem dry
matter; CHLO_relative chlorophyll index; RSDM_root system dry matter; SDM_shoot dry matter; TDM_total dry matter; RSV_root
system volume; RSD_root system density; SRR_shoot root ratio; LAR_leaf area ratio; SLA_specific leaf area; LMR_leaf matter ratio.

Introduction

The soybean is an important commodity with diverse uses, emergence, mainly in sandy soils (EMBRAPA, 2011).
from animal feed to biodiesel production. In Brazil, the However, superficial seeding predisposes seeds to
soybean crop is the largest source of edible oil, and it is an environmental variations, such as water or thermal excess or
essential ingredient in the animal diet (FAO, 2017). Due to its deficiency, which may culminate in small and less vigorous
economic importance, the soybean has been cultivated in seedlings (Tillmann et al., 1994).
marginal regions, whose soils are of sandy texture. This Seed size is another relevant factor that influences the
practice is common among producers because the price of stand formation (MANDAL et al., 2008). According to Bezerra
the land in these regions is lower when compared to areas et al. (2016), the larger seeds present larger amounts of the
where agriculture is already consolidated. However, much reserve, resulting in a higher probability of success in the
basic information needs to be clearly defined to grow formation of the stand in unfavorable environmental
soybeans in these regions, including adequate sowing depth conditions. In a study by Padua et al. (2010), the authors
and seed size. verified that in the same progeny, larger seeds increased
The final yield of a crop is directly linked to sowing and the seedling germination and vigor.
adequate formation of stands, and the depth of seed Some studies have shown that soybean seeds of larger
deposition is a factor that is directly related to the success of size, when compared to smaller ones, have superior
this process (Pacheco et al., 2010). According to Souza and physiological quality (Padua et al., 2010; Vinhal-Freitas et al.,
Weirich Neto (2015), two factors make it difficult to define 2011). However, these results are not unanimous
the ideal depth of soybean sowing: the first is the (Camozzato et al., 2009, Piccinin et al., 2012). For Kopper et
germination of the epigeal type that the species presents, al. (2010), the small seeds have a higher surface/volume
and the second is the difficulty in accurately estimating the ratio than the large ones, which facilitates the obtaining of
hypocotyl size of the seedling. water to initiate the germination process. However, they
The physical characteristics of the soil also make it difficult present fewer reserves. Seed size may influence seedling
to determine the ideal seeding depth (Zuo et al., 2017). A emergence when sown deeper (Roy et al., 1996). This fact
sowing depth deeper than 5 cm may decrease the correlates with the soil moisture level, and the amount of

93



water absorbed to complete the seedling emergence
depends on each seed size (Kering and Zang, 2015).

Considering the above, studies with sowing depth and
seed size in soils of sandy textures are necessary. The
objective was to evaluate the emergence and
morphophysiological development of soybean plants, as a
function of seed size and sowing depth in soil with a sandy
texture.

Results and Discussion
Effect of treatments on variables

Stem dry matter, shoot dry matter, root system volume, root
system density, and specific leaf area were influenced by
seed size, and the other variables were not influenced by
sieve sizes (Table 2). The size of the soybean seed does not
influence the percentage and the rate of emergence speed,
but it affects the growth of the plant during its season. These
results are similar, in part, to those obtained by Barbosa et
al. (2010), who did not verify seed size influence in soybean
emergence; however, a significant effect was observed in
the rate of emergence. Such differences may be related to
the climatic conditions of each region where the studies
were carried out.

Effect of seed sizes on plant growth and development

There was a significant effect of the sowing depth on the
emergence rate, mean emergence time, emergence speed
index, plant height, leaf area, leaf dry matter, stem dry
matter, shoot dry matter, total dry matter, specific leaf area,
and leaf area ratio (Table 2). These results are similar to
those obtained by Aisenbeg et al. (2014), who also verified a
significant effect of sowing depth on emergence and
morphological characteristics of soybean.

There was no verified significant interaction between seed
size and sowing depth for any evaluated variables (Table 2).
That indicates that the responses to the sowing depth are
similar for the evaluated seed sizes.

The highest means observed for stem dry matter, shoot
dry matter, and root system volume was in the soybean
seeds with 6.5 and 7.0 mm (Table 3). These results are
similar to those obtained by Vinhal-Freitas et al. (2011), who
evaluated the influence of seed size (sieves: 5.0, 5.5, 6.0, and
7.0 mm) on the germination and vigor of soybean seeds. The
authors verified that seeds with 7.0 mm presented higher
physiological quality in the tests of accelerated aging,
electrical conductivity, fresh and dry matter; however, the
size of soybean seeds did not influence germination and
seedling length.

According to Carvalho and Nakagawa (2000), seed size
should not influence germination, since this process
depends on other factors such as viability and environmental
conditions. The authors also report that seeds of larger size
give rise to more vigorous seedlings and, under variable field
conditions, may result in higher stands.

Although it was not observed the effect of seed size on the
emergence rate and the emergence speed index, the larger
seeds gave origin to the plants with larger shoot matter. This
result is because the larger seeds have more developed
embryos (Carvalho and Nakagawa, 2000). Also, it is
important to highlight that larger seeds have a greater

94

amount of reserve to meet the demands of growing
seedlings, providing higher growth when compared to
smaller seeds (Padua et al., 2010).

For the root system volume, there was no difference
between the means of the seeds with 6.5 and 7.0 mm;
however, its means were higher than the seeds with 6.0 mm
(Table 3). The root system density of the seeds with 6.0 mm
was around 24% greater than the mean of seeds with 6.5
and 7.0 mm (Table 3). The highest root system density
verified for seeds with 6.0 mm is because there was no
difference between the seed sizes for the root system dry
matter, and the seeds with 6.5 and 7.0 mm presented a
higher mean of root system volume. The root system density
is estimated from the root division of the root system by the
root system volume, so, it will be observed higher density
values in the seeds with a smaller root system volume.

Plants produced from the seeds with 7.0 mm had a smaller
specific leaf area; in other words, they had thicker leaves
(Table 3). Based on this information, it is possible to affirm
that plants produced from seeds with 7.0 mm have leaves
with a greater amount of reserve. The largest amount of
reserve of these seeds promoted a more accentuated
growth of the plants.

Effect of sowing depth in the growth and development the
plants

The soybean sowing at 6.0 cm depth resulted in the lowest
mean values of emergence rate, emergence speed index
(ESI), plant height, stem dry matter, total dry matter, and
longer mean emergence time (Table 4). These results are
similar to those reported by Aisenberg et al. (2014), who
observed inhibitions on emergence rate, emergence speed
index, and stem dry matter in soybean seedlings in sowing
with 6.0 cm depth.

Sowing with 6.0 cm depth reduced and delayed the
emergence due to the greater physical impediment provided
by the soil to the seedlings (Modolo et al., 2010). Therefore,
when the soybean seeds are sown deeper, there is more
energy expenditure for the hypocotyl to break the layer
above the seed. Excessive depths affect the germination,
emergence, and development of the plant, mainly due to the
decrease in temperature and the availability of O, and,
consequently, higher accumulation of CO, (Tillmann et al.,
1994; Prado et al., 2002).

It is important to emphasize that the plants that emerge
first tend to grow more and get more biomass due to
photosynthesis in the early stages of growth, except under
stressful conditions (Zuffo et al., 2016). The seeds deposited
at depths of 2.0 and 4.0 cm emerged before the seeds
deposited at a depth of 6.0 cm, which culminated in higher
biomass accumulation, verified by the total dry mass of
plant. Sowing at 4.0 cm depth provided plants with higher
means for leaf area and leaf dry matter when compared to
those sown at 2.0 cm and 6.0 cm (Table 4). These results are
different from those observed by Aisenberg et al. (2014),
who verified that soybean seeds with depths below 3.0 cm
inhibit the leaf area.

Soybean seeds deposited at 4.0 and 6.0 cm depth resulted
in plants with greater specific leaf area and leaf matter ratio
(Table 4). The leaf area ratio indirectly indicates the leaf area
that is useful for photosynthesis (Bennicasa, 2003).
Therefore, although the seeds deposited at 4.0 and 6.0 cm



Table 1. Water content and 1,000 seeds weight of soybean with different sizes.

Seed size Water content 1,000 seeds weight
Sieve (mm) % g

6.0 4.59 13.86

6.5 5.11 16.57

7.0 5.66 19.90

Table 2. Analysis of variance (F value) of morphophysiological traits of soybean (cv. NS 5559) in sowing depth and seed size.
Cassilandia, Mato Grosso do Sul, Brazil. 2016/2017.

Sources of variation EMER MET ESI PH SDI
Seed size (SS) 1.21 0.41 1.30 0.16 2.73
Sowing depth (DP) 3.85% 17.81** 12.39** 3.20%* 1.50
SS x DP 1.14 0.61 0.95 1.65 0.31
C.V. (%) 11.74 7.22 14.35 12.57 5.76
NLV LA LDM STDM CHLO
Seed size (SS) 0.12 1.36 2.00 3.92% 0.01
Sowing depth (DP) 2.14 5.38* 4.76* 3.71% 2.16
SS x DP 0.62 0.18 0.12 0.90 0.43
C.V. (%) 11.8 11.72 12.6 13.58 5.95
RSDM SDM TDM RSV RSD
Seed size (SS) 0.27 3.17* 0.76 3.19% 5.76*
Sowing depth (DP) 0.99 4.80* 3.47%* 0.80 1.00
SS x DP 0.23 0.12 0.15 0.27 0.18
C.V. (%) 15.91 11.93 11.36 11.23 10.93
SRR LAR SLA LMR
Seed size (SS) 2.83 4.92* 1.57 1.68
Sowing depth (DP) 1.67 3.02%* 3.58% 2.31
SS x DP 0.21 0.92 1.91 1.93
C.V. (%) 15.66 2.83 6.6 6.11

** and * Significant at 1% and 5% probability by F Test, respectively. EMER - emergence rate, MET - mean emergence time, ESI - emergence speed index, PH - plant
height, SDI — stem diameter, NLV - number of leaves per plant, LA — leaf area, LDM — leaves dry matter, STDM — stem dry matter, CHLO — relative chlorophyll index,
RSDM - root system dry matter, SDM — shoot dry matter, TDM — total dry matter, RSV — root system volume, RSD — root system density, SRR — shoot-root ratio, LAR — leaf

area ratio, SLA — specific leaf area, LMR — leaf matter ratio.

Table 3. Morphophysiological traits of soybean (cv. NS 5559) plants originated from seeds with different sizes. Cassilandia, Mato
Grosso do Sul, Brazil. 2016/2017.

Seed size EMER MET ESI PH SDI
Sieve (mm) % days - cm mm
6.0 70.00 7.57 1.04 60.23 4.58
6.5 75.83 7.59 1.15 59.95 4.49
7.0 65.83 7.95 0.97 62.99 4.98
NLV LA LDM STDM CHLO
n2 plant'1 dm” plant™ g plant™ - IRC
6.0 8.00 4.04 1.59 1.20b 26.18
6.5 8.33 4.64 1.84 1.31ab 26.04
7.0 8.42 4.66 1.96 1.60a 26.07
RSDM SDM TDM RSV RSD
------------- g plant'1 e cm’ plant'1 g cm®
6.0 2.02 2.80b 4.82 11.67b 0.17 a
6.5 191 3.16 ab 5.06 14.50 a 0.13b
7.0 1.78 3.56a 5.34 14.33 a 0.13 b
SRR LAR SLA LMR
T 7 1 -1
gg 00000000 o dm’g - ge
6.0 1.52 2.57a 0.86 0.33
6.5 1.72 2.57a 0.93 0.36
7.0 2.03 241b 0.86 0.36

Means followed by a different letter are statistically different by LSD test at 5% probability. EMER - emergence rate, MET - mean emergence time, ESI - emergence speed
index, PH - plant height, SDI — stem diameter, NLV - number of leaves per plant, LA — leaf area, LDM — leaves dry matter, STDM — stem dry matter, CHLO — relative
chlorophyll index, RSDM - root system dry matter, SDM — shoot dry matter, TDM — total dry matter, RSV — root system volume, RSD — root system density, SRR — shoot-
root ratio, LAR — leaf area ratio, SLA — specific leaf area, LMR — leaf matter ratio.

95



Table 4. Morphophysiological traits of soybean (cv. NS 5559) sown at different depths. Cassilandia, Mato Grosso do Sul, Brazil.

2016/2017.

. EMER MET ESI PH SDI
Sowing depth (cm) % days . - m
2.0 73.33a 6.66 a 1.25a 64.11 ab 4.54
4.0 77.50a 7.20a 1.18 a 66.61 a 4.90
6.0 60.83 b 9.26 b 0.73b 52.45b 4.61

NLV LA LDM STDM CHLO
n2 pIant’1 dm’ plant’1 g plant’1 - IRC
2.0 8.42 4.05b 1.68b 1.34 ab 25.66
4.0 9.00 5.26a 2.12a 1.59a 27.58
6.0 7.33 4.03b 1.59b 1.20b 25.05
RSDM SDM TDM RSV RSD
g plant’1 cm’ plant’l g cm>
2.0 1.99 3.02b 5.01ab 13.17 0.15
4.0 2.00 3.71a 5.71a 14.33 0.14
6.0 1.71 2.78 b 450b 13.00 0.13
SRR LAR SLA LMR
gg’ dm’g” gg”
2.0 1.54 2.45b 0.81b 0.33
4.0 1.98 2.50 ab 0.93a 0.37
6.0 1.75 2.60 a 0.92a 0.35

Means followed by a different letter are statistically different by LSD test at 5% probability. EMER - emergence rate, MET - mean emergence time, ESI - emergence speed
index, PH - plant height, SDI — stem diameter, NLV - number of leaves per plant, LA — leaf area, LDM — leaves dry matter, STDM — stem dry matter, CHLO — relative
chlorophyll index, RSDM - root system dry matter, SDM — shoot dry matter, TDM — total dry matter, RSV — root system volume, RSD — root system density, SRR — shoot-

root ratio, LAR — leaf area ratio, SLA — specific leaf area, LMR — leaf matter ratio.

depth results in plants with greater leaf area for
photosynthesis when checking the total dry mass, only the
sowing with 4.0 cm depth culminated in plants with a higher
value for this variable. From an economic point of view, the
grain yield is more important than the total dry matter.
However, the grain yield of crops such as corn and soybean
is closely linked to photosynthetic efficiency in the
transformation of intercepted solar radiation into dry matter
(Casaroli et al., 2007), which depends heavily on the leaf
area and the number of nodes (Alcantara Neto et al., 2011).
In the present study, the soybean yield has not been
evaluated, but, because of the effects of sowing depth on
the morphophysiological characteristics. It can be inferred
the sowing at 4.0 cm depth in sandy soils may result in
higher soybean yield.

Materials and Methods
Location and experimental characterization

The trial was run in a greenhouse at The State University of
Mato Grosso do Sul, Unit of Cassilandia, in Cassilandia, MS
(Latitude 192 07 '21 "S, Longitude 512 43'15" W and Altitude
of 510 m).

The regional climate according to the Kdppen classification
is Aw, characterized as a tropical climate with hot summers
and a tendency towards high rainfall levels, dry winters, and
a dry season between May and September. The temperature
and relative humidity were monitored daily in the
greenhouse with the aid of an automatic weather station
(CASSILANDIA-A742), during the experiment period (from
August 31 to October 26, 2016). The environmental
conditions during the trial run were: average air
temperature: 23.71 2C, and average relative humidity:
56.6%.

The soil used was Arenic Entisol, and was collected in the
layer from 0.0 to 20.0 cm depth. Its chemical traits were
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analyzed following the procedure by Embrapa (2009). The
results of the chemical analysis were: pH (CaCl,): 5.4; O.M.:
140¢g dm? p (resin): 2.0 mg dm?; K (Melich-1): 1.11 cmol,
dm’; Ca (KCI): 10.0 cmol. dm™; Mg (KCl): 7.0; H + Al: 22.0
cmol. dm’; Al: 0.0 cmol, dm™; V: 46.0%; S-SO,: 2.0 mg dm’>;
B: 0.08 mg dm’; cu: 0.60 mg dm’; Fe: 8.00 mg dm’; Mn:
5.70 mg dm?>, and zn: 0.30 mg dm?>. The results of the
physical analysis were: clay: 95 g kg’l, silt: 50 g kg’l, and
sand: 855 g kg’l.

Experimental design

The experimental design was a randomized block with four
replicates, in a 3 x 3 factorial scheme. The factors were three
seed sizes (sieves 6.0, 6.5, and 7.0 mm) and three sowing
depths (2.0, 4.0, and 6.0 cm). The seeds were classified in
sets of sieves with different diameters. A physical seed
characterization was performed, and the results are
presented in Table 1.

Experimental procedure

Each experimental unit consisted of a plastic pot with 12
dm?®. Wood segments with 1.5 cm diameter and 2.0, 4.0, and
6.0 cm length were made to get the seeding depth. Before
sowing, the pots were irrigated and were made ten holes
according to the depths predetermined in each treatment.
One seed was deposited per hole, resulting ten seeds per
pot. Soybean cultivar NS 5559 IPRO was used with medium
size, indeterminate growth habit, a season of 100 to 110
days, and maturation group 5.9.

The seedlings emerged were counted daily, and when was
verified stabilization of the emergence, thinning was done,
leaving only one plant per pot. The water content of the soil
was monitored daily and kept close to the total soil water
retention capacity with daily watering.



At 15 days after emergence (DAE), 75 mg dm™ of nitrogen,
300 mg dm? of phosphorus (P,05) and 150 mg dm? of
potassium (K,0) were applied. The fertilizers were diluted in
water and applied via irrigation water.

Traits measured

After sowing, the seedlings emerged in each pot were
counted daily, and from the data obtained the following
were estimated:

a) Emergence rate (%): obtained by counting the number of
seedlings that emerged after the stabilization of the stand. It
was considered to be an emerged seedling when the
cotyledon was above ground.

b) Emergence speed index (ESI): estimated by the equation
proposed by Maguire (1962):
ESI = N1/D1 + N2/D2 +... Nn/Dn [Eqg. 1]

N1= number of emerged seedlings in the first day;

Nn= accumulated number of emerged seedlings;

D1=first day of counting;

Dn= number of days counted after sowing.

c) Mean emergence time (MET - days): estimated by the
equation proposed by Labouriau (1983):

MET = (SNi x Ti) /3ni

Ni = number of emerged seedlings per day;
Ti = evaluation time (days).

At 51 DAE the following assessments were carried out:

d) Number of leaves per plant (n2 plant'l): obtained by
counting the number of leaves on each plant;

e) Stem diameter (mm): measured at the height of the
plant’s lap by means of readings using a digital caliper
(Clarke, 150 mm), with a degree of accuracy of + 0.01 mm;

f) Plant height (cm): determined from the soil surface to the
insertion of the last leaf with a millimeter ruler;

g) Root system volume (cm3 plant'l): determined by the
water displacement method using a 100 mL beaker
graduated in milliliters (mL) with an accuracy of + 1.0 mL;
The plants were sectioned into leaves, stem, and root to
determine:

h) Leaves dry matter (g plant'l);

i) Stem dry matter (g pIant'l);

j) Root system dry matter (g plant'l);

k) Shoot dry matter (g plant'l): estimated by the sum
between the leaves dry matter and stem dry matter;

I) Total dry matter (g plant'l): estimated by the sum of the
shoot dry matter and root system dry matter;

m) Leaf area (dm2 plant'l): determined following the
methodology proposed by Benincasa (2003). Ten leaf discs
of the known area were removed from each experimental
unit, which was considered as the leaf area of the sample
(LAS). Then, the sample dry matter (SDM) and the leaves dry
matter (LDM) were determined after drying at 65 oC for 72
hours. Leaf area (LA) was estimated with the following

equation:

LA — LASx(LDM+SDM) [Eq. 3]
SDM

n) Root system density (g cm_3): estimated by dividing the
root system dry matter by root system volume;

o) Shoot-root ratio (g g'l): estimated by dividing the shoot
dry matter by root system dry matter;

[Eq. 2]
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p) leaf area ratio (dm? g'l): estimated by dividing the leaf
area by total dry matter (Benincasa, 2003);

q) Specific leaf area (dm2 g’l): estimated by dividing the leaf
area by the leaves dry matter (Benincasa, 2003);

r) Leaf matter ratio (g g'l): obtained by dividing the leaves
dry matter by the total dry matter (Benincasa, 2003).

Statistical analysis

The data were submitted to analyses of normality and
homoscedasticity. These assumptions were not met in any of
the evaluated variables. Therefore, the data were
transformed into vx. After analysis with transformed data,
conformity with normality and homoscedasticity was
verified, however, the data were presented in the original
form. Variance analysis was performed, and the significance
of the mean squares obtained was tested by the F-test at the
5% probability level. The means were compared by the LSD
test, at the 5% probability level.

Conclusion

Seed size does not influence the emergence rate of soybean
seedlings; however, the soybean seeds with 7.0 mm
produced plants with higher stem and shoot dry matter and
root system volume. The soybean sowing at 4.0 cm depth
results in the best plant development in sandy soil. The size
of the soybean seed does not influence the determination of
the sowing depth in sandy soils.
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