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Abstract

The quality of soybean seeds is influenced by the amount of nutrients that are available for
the germination and initial development of the seedlings. Thus, the aim of this research was
to evaluate the influence of the nutritional content of the seeds and mineral supplementation
via seed treatment on physiological quality, enzymatic activity and initial development of
soybean seedlings. We assessed soybean seeds from two lots with low and high nutritional
content, submitted or not to mineral supplementation via seed treatment. The physiological
quality of seeds was assessed by the germination test and first germination count. The initial
development of seedlings was evaluated by the tests of length and root system volume, shoot
length, and cotyledons, roots and shoot dry matter. It was also determined the activity of
a-amylase in cotyledons, acid phosphatase (APase) and guaiacol peroxidase (POD) in the
roots and shoot. Mineral supplementation via seed treatment positively influenced the
physiological quality and development of seedlings, and the activity of a-amylase in the
cotyledons, POD and APase enzymes in the shoot from the low nutrient lot. Low nutrient
seeds have characteristics of soybean seedling production similar to those of high nutrient
content by using mineral supplementation via seeds.

Keywords: seeds, nutritional content, enzymatic activity, physiological quality
1. Introduction

The performance of the soybean crop is highly influenced by the use of high quality seeds,
which are capable of ensuring adequate plant stands in the field and reflecting higher yields.
For this, the seed must have, besides genetic, physical and sanitary attributes, high
physiological quality, that is, it must present high germination rates and strength (Scheeren et
al., 2010). The level of physiological quality of the seeds depends on several factors,
including the chemical composition, that is, the content of reserves (Seyyedi et al., 2015),
since germination involves complex processes and their utilization is fundamental for the
formation of new seedlings (Ishibashi et al., 2013). In general, seeds with low amounts of
reserves are unable to produce strong seedlings due to low nutrient availability (Hojjat, 2011).

As the seeds produced have variability, one must understand the enzymatic and physiological
features of each seeds lot, before to apply any product. Especially when mineral fertilization
occurs through seed treatment. However, the supplementation of seeds is not well understood
regarding the activity enzymatic, physiological and morphological effects in germination and
emergency from seeds with different nutritional contents. The incorrectly use of nutrients via
seed treatment can cause economic losses in seed lots. Which can cause a saline environment
and a low pH in the sowing furrow, reducing and / or delaying seed germination. It is
necessary to explain the processes of activity physiological, enzymatic and morphological
repercussions in order to be possible application of mineral supplementation in seeds lots that
present real needs.

Along with the chemical composition of the seeds, the activity of enzymatic systems related
to the mobilization of reserves and the maintenance of cellular integrity influence the
germination process. In addition to enzymes responsible for metabolic modifications and
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energy availability for embryo growth such as a-amylase and acid phosphatase, several other
genes directly related to respiration may be involved in controlling the physiological quality
of seeds (Oliveira et al., 2013). Seeds of lower physiological quality present higher
respiratory rates and may present oxidative stress due to the formation of reactive oxygen
species (ROS) and free radicals (Apel & Hirt, 2004). Thus, antioxidant enzymes such as
peroxidase (POD) play a key role in defense and maintenance of cell membranes
(Simova-Stoilova et al., 2008). The nutritional aspects of soybean seeds are determined by
environmental conditions, among them the availability of water at different stages of crop
development. Seed protein, palmitic and linoleic acids, sucrose, raffinose, stachyose, N, P, K,
and Ca significantly decreased, while stearic, oleic and linolenic acids, Fe, Mg, Zn, Cu, and B
increased in response to soil moisture deficiency (Wijewardana et al., 2019). Mertz-Henning
et al. (2018), determined that protein content was higher while oil content was lower when
soybean cultivars were subjected to water stress conditions in the reproductive stage. This is
directly related to the absorption of mineral nutrients in the soil and the physiological
capacity of seeds to form more protein or oil, mediated by water content. So water stress
causes a reduction in chlorophyll content, relative leaf water content, increasing osmolyte
content, antioxidant potential and membrane lipid peroxidation (Dong et al., 2019).

Therefore, there is a need to research new technologies that seek to increase the availability
of nutrients for the initial development of seedlings as well as to act on the maintenance of
the activity of the enzymatic systems allowing the fast and uniform establishment of the
seedlings. In this context, mineral supplementation via seed treatment is a practical and
low-cost method to promote the physiological aspects of the seeds produced (Shah et al.,
2012). According to Bishnoi et al. (2007) and Sawan et al. (2011), evidence that nutrition
affects seed strength is increasingly concrete. Thus, the goal of this research was to evaluate
the influence of nutritional content and mineral supplementation via seed treatment on
physiological quality and enzimatic in initial development of soybean seedlings.

2. Material and Methods
2.1 Place of the experimental and Material

The study was carried out in the seeds laboratory and vegetal physiology of university federal
Santa Maria, Brazil.

Soybean seeds of the cultivar BMX Potécia RR were obtained from lots of high and low
nutritional content obtained in the 2013/14 harvest. The seed water content was to 12%, and
the mass of 1000 seeds showed average values of 148 and 153 grams to the low and high
nutritional content lot, respectively. The chemical characterization of seed lots is presented in
Table 1.
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Table 1. Characterization of soybean seed lots with low and high nutritional content

Lot  Firstcount Germination  Nitrogen  Phosphorus  Potassium Calcium

-------------- (96)---------- R (L R (g mg™)--
Low 80 89 70.30 3.87 11.75 2.00
High 86 92 81.70 4.07 17.25 2.25

2.2 Treatments and Mineral Supplementation of Seeds

Treatments were arranged in a factorial 2 x 2 (lots x seed treatment) for the variables
germination and first germination count; a factorial 2 x 2 x 2 (lots x treatment of seeds x
moment of assessment) for dry matter and shoot length; a factorial 2 x 2 x 3 (lots x seed
treatment x moment of assessment) for dry matter, length and volume of the root system and
dry matter of cotyledons; a factorial 2 x 2 x 4 (lots x seed treatment x moment of assessment)
for the biochemical determinations of shoot, and a factorial 2 x 2 x 5 (lots x seed treatment x
moment of assessment) for the biochemical determinations of the roots and cotyledons. The
experimental design was completely randomized with four replications. The seeds of the lots
of low and high nutritional content were submitted to mineral supplementation. Seed
treatment was carried out in plastic containers with capacity of three liters, using 500 grams
of seeds per package, at the dose of 200 mL 100 kg-1 of seed, with volume of syrup 600 mL
100 kg-1 of seed, filled with distilled water. Posteriorly upon treatment, the plastic bags were
opened, allowing the seeds to dry at room temperature environment for a period of 24 hours.
Chemical composition of the mineral supplement: 48 g L™ of N, 80 g L of P2Os, 16 g L™* of
K20,16 gL of Ca,8gL*0of Mg,3.2gL"0of Co,8gL"ofCu,32gL?of Mn, 160 g L of
Mo, 1.6 g L™t of Ni, and 16 g L™ of Zn.

2.3 Assessment
2.3.1 Germination and Development of Soybean Seedlings

Water content, one thousand seeds mass, first count of the germination test, and germination
were measured according to the Seed Analysis Rules (Brasil, 2009). For the assessment of the
length of seedlings, root volume and dry matter, 15 seeds were placed to germinate in
biochemical oxygen demand [B.O.D.] equipment at 25<C using paper rolls moistened with
distilled water as substrate. For initial growth assessment, 5 normal seedlings per replication
were randomly collected at 2, 6 and 10 days after sowing. Soon after, the seedlings were
separated into their root systems, shoot and cotyledons. Root system and shoot were packed
in acrylic laminates and arranged in an EPSON Expression 11000 scanner, equipped with
additional light (TPU), with a resolution of 600 dpi, using WinRhizo Pro 2013 software,
which measured the length and volume of the root system, length of the shoot and root
system. Subsequently, the root system, the shoot and cotyledons were oven dried with forced
air at 65 until constant dry matter. After the samples were removed from the greenhouse,
they were placed in a desiccator for 15 minutes and weighed to determine the dry mass of the
root system, shoot and cotyledons, and the results were expressed as mg seedling™.
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2.3.2 Biochemical Analyzes

For the biochemical characterization, 30 seeds of each treatment were placed to germinate in
a B.O.D. incubator at 25<C, using paper rolls moistened with distilled water as substrate.
Twenty seedlings were randomly collected at 2, 4, 6, 8 and 10 days after sowing. Soon after,
they were separated into root system, shoot and cotyledons, then the activity of the acid
phosphatase and guaiacol peroxidase enzymes in the root system were determined. In
addition, the amount of total chlorophyll and carotenoids in the shoot and the activity of the
a-amylase enzyme in the cotyledons were determined as described below.

a-Amylase Enzyme: 0.5 g of plant tissue was used. After being treated with acetic acid, the
plant tissue was macerated in a mortar with 20 mL of potassium acetate buffer (pH 7.0), and
the mixture was centrifuged at 3,000 rpm for 15 minutes. The supernatant was removed and
placed in test tubes kept under refrigeration at 4<C for carrying out the analyses. For the
determination of a-amylase activity, the extract obtained was placed in a water bath at 70€
for 20 minutes. Four 0.1 mL aliquots were withdrawn and placed in test tubes along with 1
mL of potassium acetate buffer and 1 mL of starch solution, and incubated for five minutes at
30<C. After that, 1 mL of lugol solution and 9 mL of distilled water were added. The readings
were performed in spectrophotometer E - 225D at 620 nm (AOSA, 1983). Data from the
readings were transformed according to the formula described by Ching (1973).

Enzyme guaiacol peroxidase (POD): A plant tissue sample (0.5 g) was homogenized in 3 mL
of 0.05 M sodium phosphate buffer (pH 7.8) containing 1 mM of EDTA and 2% (w/v) of
polyvinylpyrrolidone (PVP). The homogenate was centrifuged at 13,000 x g for 20 minutes at
4<C and the supernatant was used for POD determination. POD activity was determined by
the absorbance of the reaction solution at 470 nm, according to Zeraik et al. (2008).

Acid Phosphatase Enzyme (APase): 0.5 g of plant tissue sample was macerated in liquid N2
and homogenized in 100 mM of Tris-HCI buffer (pH 7.4), 1.0 mM of
ethylenediaminetetraacetic acid (EDTA), and 0.1% of albumin at a 1:3 ratio (m/v), then
centrifuged at 20,000 g for 30 minutes at 4<C, and the resulting supernatant was used for
enzyme assay. The activity of the acid phosphatases was determined according to Tabaldi et
al. (2007). The inorganic phosphate (Pi), a product of the enzyme reaction, was quantified at
630 nm in a spectrophotometer model SF325NM (Bel Engineering, Italy) using malachite
green as colorimetric reagent, and KH2PO4 as the standard for the calibration curve. The
concentration of total proteins was quantified by Bradford’s method (1976).

Determination of chlorophyll and carotenoids: The pigments were extracted according to
Hiscox & Israeslstam’s method (1979) and estimated by using Lichtenthaler’s formula (1987).
Fresh leaves (0.05 g) were incubated in a water bath at 65<C with dimethylsulfoxide (DMSO)
until the complete extraction of pigments from the tissues (completely whitish tissues). The
absorbance of the solution was measured at 663 and 645 nm for chlorophylls a and b,
respectively, and at 470 nm for carotenoids, in a spectrophotometer. The pigment
concentration was expressed in mg g* fresh mass.
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2.4 Statistical Analysis

In the statistical analysis of data in the variables with significance by F-test (ANOVA), the
means were compared through the Scott-Knott test at a 5% probability of error. For data
analyses was utilized software SISVAR (Ferreira, 2014).

3. Results and Discussion

For the germination variable, no significant difference was found between mineral
supplementation and the lots evaluated, with a mean value of 91.5% (data not shown). The lot
of high nutritional content showed higher percentage of normal seedlings in the first count of
the germination test than the lot of low nutritional content, regardless of the application or not
of mineral supplementation (Table 2). The higher nutritional concentration present on the lot
with high nutritional content provide a higher germination capacity, ensuring highest rate of
normal seedlings (Siadat et al., 2012).

Table 2. First count of the germination test (Pc) of the cultivar BMX Poté&icia RR with low
and high nutrient content submitted or not to mineral supplementation by the seed treatment

Lots
Seed treatment Low nutrient High nutrient Average
------------------------------------------------ PC (%0)-------=mmmmmmmm e
Without seed treatment 7108 834 77
With seed treatment 80 864 82
Average 75 84

*Means followed by the same lowercase letters on the column, and uppercase letters in the
row do not differ by the Scott-Knott test (p<0.05).

These results corroborate Pereira et al. (2015), who concluded that more vigorous soybeans
showed a greater reserve content, and consequently, greater mobilization capacity, resulting
in seedlings with better initial performance.

The first count of the germination test in the lot of high nutritional content was not influenced
by mineral supplementation (Table 2). Differently, in the lot of low nutritional content, there
was an increase of 12% in the first count with mineral supplementation. This result is
probably due to the fact that, in this lot, there might have been a higher absorption of the
nutrients applied. These findings showed that a nutritional limitation may stimulate the
expression of high affinity transporter genes, facilitating the transport of nutrients through the
membrane, thus favoring their absorption.

Zhao et al. (2018) point out that the initial germination period is not exclusively related to the
reserve content, but also related to their degradation at the essential moments for the
mobilization and growth of the embryonic axis. Then the enzymes responsible for breaking
down reserve substances like a-amylase, peptides and proteases need to be activated. Ochiai
et al. (2014) constructed the crystallized structure of a-amylase, which highlights that in the
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composition of the enzyme, besides essential amino acids and phytormones, calcium ions
(Ca*?) are extremely important to maintain its stabilization. This consolidate the function of
mineral supplementation, supplying the nutrient demand in the lower nutritional quality lot,
for the activation of enzymes responsible for making soluble sugars and proteins available to
the embryo, justifying the results for the lower nutritional lot with supplementation.
ConceiG® et al. (2018), when submitting lots of low and high nutritional soybean seeds to
treatment with mineral supplementation, found that higher nitrogen absorption from the
fertilizer occurred in lower nutritional quality lots, which may be linked to the high affinity of
soybean transporters membrane, leading the element to the cellular cytoplasm, interacting in
the construction of compounds.

In the absence of mineral supplementation, the production of higher dry matter of cotyledons
(Table 3) occurred in the lots of high nutritional content. However, when submitted to
nutrients addition, there was no difference in the amount of dry matter between the lots.
Conceic et al. (2018) found that when evaluating the absorption of N derived from mineral
supplementation in soybean seed germination that, lower nutritional quality lots tend to
absorb a higher percentage of N. In addition, in the germination process energy is released
and conserved in the form of ATP, using carbohydrate substrates such as starch, sucrose,
fructose, glucose, lipids, and proteins (De Oliveira et al., 2015), with significant loss of dry
matter, which occurs more prominently in lots of lower strength, in response to lower reserve
content.

In seeds with lower physiological quality, besides having lower reserves content, their
translocation to different parts of the plant is limited. This occurs in response to the slower
seed hydration pattern, a process related to longer membrane repair time in the process
hydration, before embryonic axis growth begins, which may result in less dry matter in
different parts of the plant (Ehrhardt-Brocardo et al., 2016).

Table 3. Dry matter of cotyledons (DMC), shoot length (SL), and dry matter of shoot (DMS);
and root system length (RSL), root system volume (RSV), and dry matter of the root system
(DMR) of soybean seedlings derived from seeds of cultivar BMX Potécia RR with low and
high nutritional content submitted or not to mineral supplementation

Lots
Seed treatment Low nutrient High nutrient Average
Cotyledons
--------------------------------------------------- DMC(MQ)-------=--=-==n=mmmmmmmm oo
Without ST 436.088 465.874 472.03
With ST 469.52%A 474544 450.97
Average 452.80 470.20
Shoot
--------------------------------------------------- SL (CIM)-mmmmmm s
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Without ST 12.30°8 14.61%4 13.46
With ST 15.48% 15.18aa 15.33
Average 13.89 14.90
--------------------------------------------------- DMS (MQ)---------======mmmmmmmm oo
Without ST 79,418 107,813 93,61
With ST 99,014 108 A 104,77
Average 90,18 108,20
Root
--------------------------------------------------- RSL (CM)----=mmmm e
Without ST 30,228 42,744 36,48
With ST 45,323 42,454 43,88
Average 36,33 44,03
--------------------------------------------------- DMR (MQ)---------=-=mmmmmmmmmmm oo
Without ST 27,73 5234 40,16
With ST 40,37%8 554 48,07
Average 34,05 54,17
Days after sowing
--------------------------------------------------- RSL (CM)----=mmmmmmmmmm oo
2 1.97¢A 2.29%A 2.13
6 44718 54.91PA 49.81
10 62.33%® 74.89%4 68.61
Average 36.33 44.03
--------------------------------------------------- RSV (CM3)-mmmmmmmm e
2 0.04°A 0.04°A 0.04
6 0.13"8 0.18°A 0.15
10 0.18*4 0.20%4 0.19
Average 0.11 0.14
--------------------------------------------------- DMR (mMQ)---------==-==mmmmmm oo
2 22.85A 23.78%A 23.31
6 35.90"8 52.81°A 44.35
10 43.41%® 65.93*A 59.67
Average 34.05 54.17
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*Means followed by the same lowercase letters in the column, and uppercase letters in the
row do not differ by the Scott-Knott test (p<0.05).

For the SL, DMS, RSL, and DMR variables, there was similar behavior for such parameters
in the absence and presence of mineral supplementation, except DMR (Table 3). For these
variables, the highest results without supplementation occurred in lots of high nutritional
content, which evidences the influence of seeds with superior nutritional and physiological
quality on seedling generation with higher dry matter of shoot, root, stem diameter, number
of nodules and nodule mass. In addition to increasing germination percentages and
emergence velocity (Caverzan et al., 2018). However, when the seeds were submitted to
supplementation, there was no significant difference between the lots, which represents the
contribution of nutrient application to the seeds to meet their demand in physiological
processes linked to degradation and reserve mobilization. Pacheco et al. (2012) informs out
that bean plants originated from seeds enriched with P and Mo showed higher nodule mass
and grain productivity.

According to the results for RSL, RSV, and DMR (Table 3), as well as LAP and DMAP
(Table 4), there was an increase during the moments of assessment (2, 6 and 10 days after
sowing), which was accompanied by a decrease in the dry matter of cotyledons (Table 4). The
decrease in DMC is linked to the germination period, which depending on the species may be
more pronounced in the first 24 hours, in response to the mobilization of reserves, resulting in
the reduction of starch, protein and oil content, with respective increase in soluble sugars,
free amino acids and fatty acids for construction of the photosynthetic apparatus (Erbas et al.,
2016). These results are in agreement with Goyoaga et al. (2011), who analyzed the
nutritional value and availability of nutrients in seeds and bean seedlings, which concluded
that a decrease in the dry matter of cotyledons is accompanied by improvements in the root
system and shoot.

Table 4. Isolated effect of assessment period in the dry matter of shoot (DMS), length of
shoot (LS), dry matter of cotyledons (DMC), and effect of lots for root system volume (RSV)
of soybeans seedlings derived from seeds of the cultivar BMX Poté&cia RR of low and high
nutritional content submitted or not to mineral supplementation

Shoot Cotyledons Root
Characters DMS(mg) LS(cm) DMC (mg) RSV (cmd)
2 - - 611.00? Lot Average
6 72.24° 9.83° 445,90 Low 0.11°
10 136.142 18.962 327.61° High 0.142

*Means followed by the same letter in the column do not differ with by the Scott-Knott test
(p<0.05).

The activity of the a-amylase enzyme in cotyledons of seedlings, in the absence of mineral
supplementation, was higher for the lot of high nutritional content (Table 5). This is because
this lot, in addition to having a greater amount of stored nutrients, probably has higher
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carbohydrate contents that, once hydrolyzed, have as main product the glucose that will be
used for respiration and growth of the embryonic axis (Franco et al., 2002). Furthermore,
enzymes such as lipases, phosphatases and amylases have reduced activity due to reduction in
physiological quality (Hennig et al., 2010), as observed in the lot of low nutritional content
without the addition of nutrients.

- Journal of Agricultural Studies
A\ MacrOthI“k ISSN 2166-0379

Table 5. Activity of the a-amylase enzyme of the cultivar BMX Poténcia for lots of low and
high nutritional content, submitted or not to mineral supplementation via seed treatment

Lots

Seed treatment Low nutrient High nutrient Average

---------------------- a-amylase (mg of hydrolyzed starch min? g* fresh matter)-------------------

Without ST 12338.108 20699.13*A 16518.56
With ST 18795.60% 19547.99% 19171.30
Average 15566.80 20123.51

*Means followed by the same lowercase letters in the column, and uppercase letters in the
row do not differ by the Scott-Knott test (p<0.05).

An increase in a-amylase enzyme activity occurred when seeds of low nutritional content
were submitted to mineral supplementation (Table 5). This may have happened because the
catalytic enzymes activity is controlled by cofactors such as metallic ions (Mg?* and Ca?"),
which act on their activation (Pimentel et al., 2012). This same trend can be observed in
Figure 1, which analyzes the behavior of the a-amylase enzyme activity at 2, 4, 6, 8, and 10
days after sowing. Regardless of the seed lot in the presence of mineral supplementation,
which contains metal ions in its formulation, the activity of the enzyme was optimized. As a
calcium metalloenzyme (Pujadas & Palau, 2001), probably the a-amylase was activated by
metals present in mineral supplementation, mainly calcium. A greater activity of the enzyme
was observed two days after sowing, and over period evaluated, there was a reduction of the
activity of the enzyme. Probably due to a decrease of carbohydrate contents in the reserves of
the cotyledons, corroborating the results found by Oliveira et al. (2013) that observed higher
activity of the a-amylase enzyme after imbibition of corn seeds.
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®  With supplementation = -1171.9X+26203 r*=0.71
O  Without supplementation = -1436.1X 125237 r*=0.4
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mg of hydrolized starch min
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10000

2 4 6 8 10

Days after sowing

Figure 1. Activity of the a-amylase enzyme in cotyledons of soybean seedlings of cultivar
BMX Poténcia RR with and without mineral supplementation via seed treatment assessed at
2,4, 6, 8and 10 days after sowing

The activity of the POD enzyme during the assessment period increased in the root system,
regardless of the lot and treatment of seeds with mineral supplementation (Figure 2),
accompanied by an increase in RSL, RSV and DMR (Table 5 and Table 6). This higher
activity in the post-germination stage indicates the possible involvement of POD in cell wall
lignification as required in differentiating cells (Cosio & Dunand, 2009). Besides, these
results indicate also that the increase in POD activity was important for the efficient removal
of hydrogen peroxide (H202), one of the reactive oxygen species (ROS), avoiding damage to
the membrane’s lipids, proteins and DNA (Mittler, 2002). Contributing to the growth of
seedlings by making them less susceptible to the deleterious action of ROS (Carvalho et al.,
2014). Similar behavior occurred in the activities of POD, LAP and DMAP in the shoot of the
seedlings throughout assessment moments (Figure 3).

Comparing the lots, POD activity in the shoot (Figure 3) at the end of assessment moments,
was lower in the low nutrient lot without mineral supplementation, corroborating the data of
LAP and DMAP for this lot, which presented lower performance. This indicates that these
seeds presented lower antioxidant capacity because the maintenance of the isoenzyme
activity of the antioxidant systems such as POD is important for seedlings growth, since they
act in the removal and reduction of ROS that can cause cell damage (Deuner et al., 2011), and
consequently, affect the quality of the seeds. However, this same behavior was not observed
when the seeds of low nutritional content were submitted to the addition of nutrients in which
the activity of the enzyme and initial growth of the seedlings was similar to the lot of high
nutritional content with mineral supplementation until 10 days after sowing. Probably
because a greater availability of nutrients favors enzyme activity, directly or indirectly.

APase activity in the root system decreased over the assessment periods (Figure 2). This is
because this enzyme catalyzes the hydrolysis of a wide variety of phosphate monoesters,
releasing inorganic phosphate (Pi) from phosphorylated substrates that throughout
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germination and development of seedlings are used for growth (Branscheid et al., 2010). A
further reduction of enzymatic activity was observed in the low nutrient lot without mineral
supplementation. In this lot, this reduction of the enzyme activity possibly happened more
quickly due to the lower amount of phosphorus in the reserves (Table 1). Thus, less energy
for the maintenance of plant metabolism and initial growth was made available, as also
observed in the first count of the germination test and initial seedling growth (Tables 2 and 4).
Besides, probably, the lower availability of metal ions in the seeds of the low nutritional lot
promoted a reduction in APase activity, since it is a metalloenzyme dependent on Ca?* or
Mg?* (Tabaldi et al., 2011). In the mineral supplementation lots, this reduction in activity may
be related to the gradual release of phosphorus (P) from the supplementation, which makes P
available in a form readily assimilable by the plant (inorganic form). On the other hand, in the
lots without mineral supplementation, P deficiency should promote an increase in the
enzymatic activity, which did not occur in this study. Thus, we may suggest that some seed
factor is impeding this APase activation in roots.

10 7 @ LNNM: 0.3186X+1.3269 r=0.66 600 @  INNM:-3.1063X465.736X-463.75X+1284.1 2=0.81
O LNWM: 0.7167X-0.2599 r*=0.85 O LNWM: 10.712X>-145.95X+643.29 r*=0.89
= ¥ 1IGNV: 0.1383X2-0.8119X+2.4177 r*=0.94 v HGNM: -14.88X+386.09 *=0.65
2 A HGWM: 0.0515X-0.9346X3+5 2320X-5 4644 r'=0.89 500 A HGWM: -34285X+527.83 ’=0.85
AL
Tep g
T= 6 IPJ)
_f TF
< | -
5 ¢ &
g 3
3 =
= =]
= 3 1 -
= ¥
A B
0~ T T T ( ). 0 T T T ( ).
2 4 6 8 10 2 4 6 8 10
Days after sowing Days after sowing

Figure 2. Activity of the enzymes guaiacol peroxidase (POD) (A) and acid phosphatase
(APase) (B) in the root system of soybeans of the cultivar BMX Potécia RR submitted or
not to mineral supplementation assessed at 2, 4, 6, 8 and 10 days after sowing. Treatments:
root system of seedlings originated from seeds of Low Nutritional content and No Mineral

supplementation (LNNM); root system of seedlings originated from seeds of Low Nutritional
Content with Mineral supplementation (LNWM); root system of seedlings originated from
seeds of High Nutritional content and No Mineral supplementation (HGNM); root system of
seedlings originated from seeds of High Nutritional Content with Mineral supplementation
(HGWM)

APase activity in the shoot in high and low nutrient lots without mineral supplementation
increased in the first days after sowing (Figure 3), and the highest activity was observed in
the high nutrient lot without supplementation. This result may be directly related to the lower
APase activity in the root system, which provided less inorganic P to be transported to the
shoot, promoting an enzyme activation in the shoot. This same behavior was not observed in
the lot of high nutrient content with supplementation, possibly due to the greater availability
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of inorganic P in these seeds. However, for the lot of low nutritional content, the enzyme
APase behaved inversely, since the greater activity of the enzyme occurred in the presence of
mineral supplementation.

It still was observed that in the presence of mineral supplementation, which provides P in
inorganic form, readily assimilable by the plant, there was an increase in APase activity in the
shoot during the days after sowing. These results may be due to the fact that the P provided
by the supplementation was initially used by the embryo/seedling for development and, later,
the demand for P is supplied only by the seed reserves.

The contents of total Chl and carotenoids, regardless of the lot and seed treatment, increased
8 days after sowing and decreased at 10 days after sowing (Figure 3). This increase until
eight days after sowing may have happened due to the occurrence of nutrient utilization of
the seed reserves for the biosynthesis of these pigments, which were exhausted after this
period, indicating that the seedling is not using the nutrients provided by mineral
supplementation for pigment biosynthesis, as emphasized by Jiang et al. (2009).
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Figure 3. Activity of the enzymes guaiacol peroxidase (POD) (A), acid phosphatase (APase)
(©), total chlorophyll content (Chl Total) (B) and carotenoids (Carot) (D) in the shoot of
soybean seedlings of cultivar BMX Potécia RR submitted or not to mineral supplementation
assessed at 4, 6, 8 and 10 days after sowing. Treatments: root system of seedlings originated
from seeds of Low Nutritional content and No Mineral supplementation (LNNM); root
system of seedlings originated from seeds of Low Nutritional content With Mineral
supplementation (LNWM); root system of seedlings originated from seeds of High
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Nutritional content and No Mineral supplementation (HGNM); root system of seedlings
originated from seeds of High Nutritional content With Mineral supplementation (HGWM).

A\\ Macrothi“k Journal of Agricultural Studies

Jiang et al. (2009) still stated that changes in the amount of pigments may be indicative of
some damage that may be occurring in the photosynthetic apparatus due to some biotic or
abiotic stress, such as nutrient deficiency. The highest production of total Chl and carotenoids
occurred in the low nutrient lot with mineral supplementation. These results corroborate those
found in this study for the first count of germination and initial development of seedlings, in
which this lot presented greater response to the addition of nutrients, indicating their greater
absorption.

4. Conclusion

1. Seeds with higher stored reserves present better performance in relation to the
physiological quality and initial development of seedlings.

2. Mineral supplementation via seed treatment has positive effects on the physiological
quality and development of seedlings to the lot with low nutrient.

3. Mineral supplementation increases the a-amylase enzyme activity of cotyledons, POD and
APase in the aerial part of seedlings from the seeds with low nutritional content.

4. Low nutrient seeds have characteristics of soybean seedling production similar to those of
high nutrient content by using mineral supplementation via seed.
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