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Abstract

The aim of this study was to evaluate the effect of different seed coatings on
the physiological potential of perennial soybean cv. Comum. The following
treatments were tested: control (no coating); limestone + polyvinyl acetate
(PVA); limestone + sand + PV A; limestone + charcoal + PVA; calcium sili-
cate + PVA; calcium silicate + sand + PV A; and calcium silicate + charcoal +
PVA. Seeds were evaluated for water content (WC), maximum diameter
(MAD), minimum diameter (MID), 1000-seed weight (TSW), germination
test, germination speed index (GSI), average germination time (AGT), emer-
gence, emergence speed index (ESI), average emergence time (AET), shoot
length (SL), root length (RL), dry and fresh matter of shoots (SDM and SFM),
and dry and fresh matter of root (RDM and RFM). Coatings influenced GSI,
AGT, emergence, and ESI, but germination was unaffected. The use of silicate
with or without charcoal led to the same AET as that observed in the uncoated
seeds. Coatings did not affect SFM, SDM, or RFM. Coating with limestone +
sand + PVA or limestone + charcoal + PVA led to increases in SL, SFM, SDM,
RFM, and RDM.
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1. Introduction

In Brazil, the livestock activity in all regions of the country is founded upon the
use of grasslands, mainly native pastures, which is an important feed source for
herds. However, cultivated pastures have occupied an ever-increasing space in

the Brazilian scenario [1]. The perennial soybean (Neonotonia wightii) adapts
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well to climatic variations and presents good regrowth and closure capacity of
the pasture area, in addition, produce hay with high nutritional value and pro-
tein concentration. These characteristics make it one of the most used forage le-
gumes in Brazilian pastures [2].

Besides that, the reduced size of its seeds and its nutrient requirements render
the perennial soybean a promising species for the seed-coating technique, since
this method enables the incorporation of nutrients, growth regulators, and
agrochemicals, in addition to facilitating the distribution of seeds both manually
or mechanically, as it provides them with a rounder shape and a larger size [3].

According to [4], seed filler materials must have round, uniform granules
sized between 0.1 and 0.2 mm; not be hygroscopic, hydrophilic, corrosive, or
toxic; not possess surface tension; be sterile; not be a medium for reproduction
of microorganisms; be insoluble in water or weak acids; have a density of ap-
proximately 1; and be easily found in the market at a cost compatible with the
benefit they provide to the seeds. Commonly employed fillers are both soluble
and insoluble in water, e.g. vermiculite, sand, dolomitic limestone, kaolin, acti-
vated charcoal, microcellulose, cornmeal, wheat bran, cassava starch, corn
starch, celite, and diatomaceous earth [3] [5] [6] [7] [8].

Likewise, the cementing or adhesive material must meet some criteria to be
used in the process, such as having affinity with the other ingredients; being rea-
dily soluble in water; acting at low concentrations; becoming dry and not sticky
when dehydrated; forming a low-viscosity solution when rehydrated; and not
being hygroscopic, corrosive, or toxic [3]. These materials are usually organic
polymers, starches, natural resins, sugars, animal-derived glues, and vegetable
mucilages, which can be dispersed in water for the production of a sprayable
fluid [9].

However, materials used in the coating process may influence the rates of wa-
ter absorption and gas exchange between the seed and the external medium, di-
rectly affecting germination [10]. The objective of this study was thus to evaluate
the effect of different coating materials on the physiological potential of seeds of

perennial soybean cv. Comum.

2. Materials and Methods

For the experiment, commercial seeds of perennial soybean cv. Comum (Neo-
notonia wightii) were previously scarified manually between two sheets of
36-grit sandpaper.

Dolomitic limestone (DL; 0.25 mm), calcium silicate (CS), sand (S; 0.25 mm),
and activated charcoal (AC) were used as fillers. As cementing material, we used
a polyvinyl acetate glue (PVA) (Cascorez Extra, Cascola’) diluted in water pre-
viously heated to 70°C at the 1:1 ratio (v/v) [7].

The following seed-coating treatments were tested: control (no coating); DL +
PVA; DL + S + PVA; DL + AC + PVA; CS + PVA; CS+ S + PVA; and CS + AC +
PVA.
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The following filler-to-seed ratios were employed according to [11]: limestone—
3:1 (w/w), calcium silicate—3:1 (w/w), sand—1:1 (w/w), and activated char-
c0al—0.08:1 (w/w). The amounts of limestone, calcium silicate, and sand were
divided into 12.5-g portions, whereas the charcoal was divided into 2-g portions
so that the filler could be applied in layers.

We used a bench-top coating pan (Newpack N10) equipped with a stainless
steel tank, nozzle for the application of cementing material activated by com-
pressed air at a pressure of 4 bar, hot-air blower, and timer to regulate the dura-
tion of the spray and the dryer. The machine was regulated to operate at a rota-
tion speed of 90 rpm, spraying duration of 1 s, blower temperature of 40°C, and
blowing time of 1 min. The seed-coating procedure (per layer) was performed
following the methodology of [11].

After their reception, seeds were evaluated for their physical and physiological
characteristics in laboratory and greenhouse. In the laboratory, the following
physical characteristics were determined: water content (WC), maximum seed
diameter (MAD), minimum seed diameter (MID), and 1000-seed weight (TSW).
The following physiological characteristics were evaluated using the germination
test in paper: first germination count (FGC), germination speed index (GSI), and
average germination time (AGT). In a greenhouse, the following physiological
characteristics were evaluated by the emergence test: emergence speed index
(ESI), average emergence time (AET), shoot length (SL), root length (RL), shoot
fresh and dry matter (SFM and SDM), and root fresh and dry matter (RFM and
RDM). The procedures adopted for the aforementioned assessments are de-
scribed below:

Water content (WC)—determined in two replicates by the oven method at
105°C = 3°C for 24 h [12], with results expressed in percentage values (wet ba-
sis).

Maximum diameter (MAD) and minimum diameter (MID)—determined us-
ing four replicates with 50 seeds for each coating treatment, which were analyzed
by the GroundEye  image analysis system to determine the largest and smallest
diameters, respectively.

1000-seed weight (TSW)—determined from eight replicates of 100 seeds per
treatment [12].

Germination test—conducted according to the Rules for Seed Analyses [12],
with four replicates of 50 seeds for each treatment. Seeds were sown in a germi-
nation box containing two sheets of germination paper moistened with deio-
nized water at a volume of 2.5 times the paper weight and kept for 10 days in a
B.O.D. chamber at an alternating temperature of 20°C/35°C. Evaluations were
carried out four and 10 days after the start of the test (first-count [FCG] and fi-
nal [G] germination, respectively), by counting the number of normal seedlings,
abnormal seedlings (AS), and hard seedlings (HS), according to the criteria es-
tablished by [12]. Throughout the test, daily counts were performed to deter-

mine, at the end, the average germination time (AGT), according to [13]. The
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germination speed index (GSI) was determined, using the Equation (1) proposed
by [14]:
GSI =GI/N1+G2/N2+---+Gn/Nn (1)

where GSI = germination speed index; G1, G2, - Gn = number os seeds germi-
nated in the first, second to last count; N1, N2, -+ Nn = number of days from
sowing to first, second to last count.

Emergence test—in a greenhouse, the seeds were sown in plastic trays with
capacity for 2.2 L of substrate, containing a mixture of sand and soil (2:1) (v/v).
The greenhouse was covered with shading screen 35% shade (Sombrite’) and
clear plastic 150 pm thick. On the sides, it was covered only with the same Som-
brite®. The number of emerged seedlings was counted daily, for 30 days. At the
end, we determined the percentage of emergence, the emergence speed index
(ESI) [14], and the average emergence time (AET) [13]. At the end of the 30
days, plants were carefully removed from the trays and their roots were properly
washed to measure the length of shoots (SL) and root (RL). Subsequently, shoots
and root were weighed to determine the fresh matter of shoots (SFM) and root
(RFM). Next, they were placed in paper bags and dried in a forced-air oven at
65°C for 72 h to determine the shoot dry matter (SDM) and root dry matter
(RDM).

The laboratory experiments were analyzed as a completely randomized design
for the following variables: WC, MAD, MID, G, AS, HS, FCG, GSI, and AGT.
For the variables emergence, ESI, AET, SL, RL, SFM, SDM, RFM, and RDM, a
randomized-blocks design was adopted. To determine TSW, a descriptive analy-
sis of the data was performed. Data pertaining to WC, first-count germination,
and GSI were converted to 1/x arcsin (x/100)"* and Vx, respectively, to follow
normal distribution.

Data were subsequently subjected to analysis of variance and means were
compared by the Duncan test at the 5% probability level, using the ASSSISTAT
1.6 beta software [15].

3. Results and Discussion

According to the descriptive analysis of 1000-seed weight (TSW) (Table 1), the
proposed coating materials led 1.2 to 1.9 higher increases in the coated seeds as
compared with control treatment. This increase in TSW as a function of the fil-
ler material was also observed in coated seeds of sorghum, super sweet corn,
pearl millet, Stylosanthes, and perennial soybean [7] [11] [16] [17] [18].

The coating composed of limestone + sand + PVA provided the highest TSW
(10.68 g), followed by the treatment with dolomitic limestone + activated char-
coal + PVA (8.89 g). The use of calcium silicate led to increases of up to 58% in
TSW, whereas the use of limestone provided a 94% increase in TWS (Table 1).

[7] also found great increases in the TSW of coated seeds of super sweet corn
as a function of the addition of urea and limestone to the filler. The authors ob-

served increases of 100% to 150%, respectively, in TSW, when these materials
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Table 1. Thousand seed weight (TSW), Maximum diameter (MAD), Minimum diameter
(MID), Water content (WC), First germination count (FGC), Germination speed index
(GSI), Average germination time (AGT), Germination (G), Abnormal seedlings (AS) and
Hard seedlings (HS) of soybean cv. Comum seeds coating with the following treatments:
Control - no coating; DL + PVA - dolomitic limestone + PVA; DL + S + PVA - dolo-
mitic limestone + sand + PVA; DL + AC + PVA - dolomitic limestone + activated char-
coal + PVA; CS + PVA - calcium silicate + PVA; CS + S + PVA - calcium silicate + sand +
PVA; CS + AC + PVA - calcium silicate + activated charcoal + PVA.

TSW MAD MID WC FGC AGT
Treatment GSI G (%) AS (%)HS (%
® (mm) (@m) (%) (%) (days) () AS COHS (%)
Control 550 2.60c 1.77d 10.0a 35a 8.83a 4.25a 55a 13 a 10 ¢

DL + PVA 845 2.82b 219b 65d 6bc 525c 568cd 48a 7a 7c¢
DL+S+PVA 1068 287a 230a 57f 4c 492c 658d 49a 10a 13bc
DL+AC+PVA 889 281b 220b 64d 4c 537bc 636d 53a 10a 9¢
CS + PVA 6.75 281b 2.09c 75b 9bc 6.28bc 530bc 50a 1lla 9¢
CS+S+PVA 873 286a 2.28a 6.le 4c  507c 6.07cd 47a 10a 19a
CS+AC+PVA 723 283ab 210c 7.1c 17b 6.84b 5.08ab 54a 9a 18ab
Mean - 2.80 2.13 7.04 113 6.08 5.62 50.9 10 12.1

CV (%) - 0.87 1.12 1.17 4259 8.10 10.27 16.56 36.22 31.88

CV = coefficient of variation. PVA = polyvinyl acetate glue. Averages followed by same letter in the column
do not differ from each other by the Duncan test, at 5% probability.

were added. Likewise, [19] observed increases of up to 100% in the TSW of Per-
sea indica as they increased the doses of NPK fertilizer added to the filler with
sand and limestone. According to [11], the texture of limestone and sand favor
the formation of a structure with more granules around the seed, which conse-
quently increases its mass. As a result, the combination of these materials pro-
moted the highest TSW values.

Fillers including sand (DL + S + PVA and CS + S + PVA) provided the high-
est values for MAD and MID; however, the treatment containing CS + AC +
PVA did not differ from those for MAD. For these variables, the particle size of
the sand likely contributed to the formation of thicker layers, which resulted in
an increased diameter of the seeds.

The increase in diameter and TSW constitutes an advantage obtained from
the coating technique, since it facilitates sowing, be it mechanical or manual [3]
[20].

All coated seeds showed lower water contents (WC) as compared with the
uncoated seeds (Table 1). This is a result of the almost complete degradation of
the filler material during drying that occurs in the formation of the layers. How-
ever, among the evaluated treatments, those including sand in their composition
(DL + S + PVA and CS + S + PVA) stood out for resulting in the lowest WC,
which was probably a consequence of the low water-retaining ability of sand
during the drying process.

Lower WC values in coated seeds were also detected by [11] [21] [22]. [21]
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stated that the water present in the coating is lost faster than that found in the
seed itself; for this reason, coated seeds usually have lower WC values than un-
coated seeds.

[23] and [24], on the other hand, obtained conflicting results for this variable
in the coating of carrot and soybean seeds, respectively. Coated carrot seeds had
a WC of 24.1%, whereas control treatment had a WC of 7.8%, which led to a
16.3% increase in this variable. In the case of coated soybean seeds, this increase
was lower (0.9%), but still none of the coating treatments promoted WC values
below that shown by control. This was certainly a result of the lack of drying af-
ter the coat was applied and/or use of a high volume of adhesive material.

These results indicate that the method used in the drying of the pellets after
coating was not effective, thus requiring a new drying session, as was reported by
[23] for carrot seeds. Therefore, this drying step is a noteworthy factor, especial-
ly if seeds are stored for a later rather than immediate use.

It should be stressed that the results obtained in this study for the WC variable
indicate that the methodology adopting the Newpack coating pan was efficient
in coating the seeds, since the materials did not retain moisture originating from
the application of the cementing solution, and that the temperature of 40°C was
sufficient to dry them. The use of the temperature of 40°C was also efficient in
drying coated seeds of Stylosanthes, perennial soybean, and Persea indica [11]
[18] [19], which reinforces the effectiveness of this seed-coating method.

None of the coating treatments was superior to control in the first germina-
tion count (FGC) (Table 1). Over the course of the test, we observed that the
coatings influenced the water-imbibing speed of the seeds, which lengthened the
first phase of the three-phase water absorption pattern, consequently slowing the
germination process. Similar results were found in lettuce seeds coated using the
INCOTEC technology [25].

Results obtained for FGC reflected in the germination speed index (GSI) and
average germination time (AGT), for which the seeds showed the same response
(Table 1). Several authors reported a delay in the germination of coated seeds
[5] [6] [7] [21] [26]. This delay is due to the material employed in the coating
process, which forms a physical barrier that should be overcome by the seed.
However, some materials facilitate the gas and water diffusion between the seed
and the external medium [3].

The CS + AC + PVA coating led to similar a AGT to that shown by the un-
coated seeds (Table 1), which may be related to the peculiar characteristics of
these two materials (CS and AC). During the test, calcium silicate would dissolve
more easily when in contact with water. The activated charcoal was obtained
from the pyrolysis (chemical decomposition brought about by heat) of
plant-derived carbonated materials, followed by chemical activation, and, lastly,
the formation of an adsorbent material with high porosity [27]. The characteris-
tics of these two materials combined may have favored radicle protrusion, since
the barrier generated by them did not constitute a great impediment to germina-

tion. These characteristics of calcium silicate and activated charcoal were also
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emphasized by [11] in the coating of seeds of Stylosanthes, in which the addition
of one of these materials or the combination of both promoted similar AGT val-
ues to those obtained with control treatment.

Just as some materials can facilitate the exchange of gases and water between
the seed and the external medium, others can hinder this diffusion, as was ob-
served in the treatments containing limestone and/or sand (DL + PVA; DL + S +
PVA; DL + AC + PVA; and CS + S + PVA) (Table 1). As mentioned previously,
limestone and sand lead to the formation of thicker coating layers. According to
[28], these characteristics of limestone may form a seal on the coat against gas
exchanges, as observed by [26] in coated tomato seeds.

The main problem caused by coating is related to delays in seed germination
and plant emergence [5]. However, the delay observed in the germination of the
seeds (low GSI and high AGT) as a function of coating did not compromise the
final germination rates (Table 1), indicating that, irrespective of coating, the
seedlings were able to make up for this time. Similar results were found in seeds
of lettuce coated with different proportions of bentonite and PVA [5] and seeds
of Stylosanthes coated with the same materials tested here [11]. Overall, after
overcoming the barrier provided by coating, the seedlings had their growth
speed equaled that of seedlings from uncoated seeds, ultimately generating uni-
form plants [10].

As shown in Table 1, for abnormal seedlings (AS), although the barrier gen-
erated by coating can hinder gas exchanges and water absorption, the percentage
of such plants decreased in a non-significant manner, likely as a consequence of
the slower water absorption, causing less damage to the membranes during im-
bibing.

Results for the percentage of hard seeds (HS) revealed an effect of coating
(Table 1). [11] asserted that these findings may be related to flaws during the
mechanical scarification of the seeds with the sandpaper. However, it is possible
that the crevices generated by mechanical scarification were filled by the ce-
menting material applied during the coating process, reestablishing part of the
hardness of the teguments of the perennial-soybean seeds.

Overall, the coated seeds had lower values for ESI and higher AET (Table 2).
However, the seeds coated with CS + PVA and CS + AC + PVA showed values
similar to those obtained with control treatment for AET. These results confirm
the visual observation that silicon-containing coatings dissolve more easily than
limestone coatings when in contact in water, whereas the characteristic porosity
of charcoal showed to exert a positive effect on AET, unlike the limestone and
the sand.

[26] also observed delayed emergence of tomato seedlings as a function of
coating with limestone. However, this negative effect of limestone was not ob-
served for sorghum seeds [16]. This lower permeability attributed to limestone
may be a result of its particle size, which contributed to the formation of

more-resistant pellets, consequently leading to the formation of a more-resistant

DOI: 10.4236/ajps.2018.91001

7 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2018.91001

P. B. Xavier, H. D. Vieira

Table 2. Emergence (E), emergence speed index (ESI), average emergence time (AET),
shoot length (SL), root length (RL), shoot fresh matter (SFM), shoot dry matter (SDM),
root fresh matter (RFM) and root dry matter (RDM) of soybean cv. Comum plants from
seeds coated with the followings treatments: Control - no coating; DL + PVA - dolomitic
limestone + PVA; DL + S + PVA - dolomitic limestone + sand + PVA; DL + AC + PVA -
dolomitic limestone + activated charcoal + PVA; CS + PVA - calcium silicate + PVA;
CS + S + PVA - calcium silicate + sand + PVA; CS + AC + PVA - calcium silicate + acti-
vated charcoal + PVA.

AET SL RL SFM SDM RFM RDM

Treatment  E (%)  ESI (days) (cm) (cm) (mg/pl) (mg/pl) (mg/pl) (mg/pl)

Control 55a 535a 5.76a 1.13ab 6.44ab 5376a 9.67a 3594a 5.82ab
DL + PVA 43b 3.38bc 7.00bc 0.86b 497b 4579a 7.15a 2946a 4.71b
DL+S+PVA 47b 335bc 7.83c 1.10ab 6.68ab 7445a 1297a 43.54a 10.11a
DL+AC+PVA 42b 311c 7.69bc 1.39a 7.43ab 7556a 13.80a 45.78a 8.20ab
CS + PVA 46b 391b 6.47ab 1.16ab 7.60a 62.82a 10.55a 44.87a 7.00ab
CS+S+PVA 46b 350bc 7.64bc 1.03ab 7.34ab 60.81a 10.88a 33.58a 5.85ab
CS+AC+PVA 44b 394b 6.34a 1.1lab 7.39ab 62.75a 10.0la 37.82a 6.37ab
Mean 4593  3.79 6.96 1.11 6.84 62.28 10.72 38.71 6.87

CV (%) 1029 11.92 11.16  20.19 2245 3448 3930 3890 4194

CV = coefficient of variation. PVA = polyvinyl acetate glue. Averages followed by same letter in the column
do not differ from each other by the Duncan test, at 5% probability.

barrier against imbibing and germination. According to [28], the use of limes-
tone in the coating of lettuce seeds provided pellets with greater resistance, while
addition of urea to coating caused the pellets to have intermediate resistance.
The use of aluminum silicate in the coating of barley seeds did not promote dif-
ferences in the speed of emergence of the seedlings as compared with uncoated
seeds [29], corroborating the present findings for AET.

Based on the results obtained by those authors, it can be inferred that the use
of calcium silicate and charcoal in the current study lead to the formation of
pellets with lower resistance as compared with those formed by limestone and/or
sand; thus, the barrier created by these minerals was also less resistant to root
protrusion, contributing to the results found for AET.

Unlike the results for percentage of final germination, in the germination
chamber tests, the percentage of emergence of plants originating from coated
seeds did not equal that of the SNR at the end of the test (Table 2). In this case,
all coating treatments showed to be inferior to control.

Some authors also reported a negative effect of coating on seedling emergence,
especially in the case of limestone coatings [10] [26] [30]. [7] observed reduc-
tions in the emergence of plants of super sweet corn with filler materials such as
sand, charcoal, kaolin (hydrated aluminum silicates), vermiculite, wheat bran,
and limestone, and some of these materials were also used in the present expe-

riment.
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Although the coating treatments promoted a reduction in emergence, the final
quality of the plants was not affected in the same intensity. Overall, the treat-
ments did not compromise the length of shoots (SL) or root (RL), for which the
coatings led to similar results to those obtained for control treatments, although
DL + PVA provided the lowest values for these two variables (Table 2).

The lower values observed with the DL + PVA treatment are likely related to
the delayed emergence of plants from seeds coated with that material. Results
obtained with the coating of soybean seeds with limestone, aluminum silicate, or
the combination of both corroborate this hypothesis, since the coatings made
with these materials lead to higher plant length values in comparison with un-
coated seeds [31].

Moreover, calcium plays an important role in the synthesis of new cell walls,
especially the middle lamella, which unites the cells after division, and in the cell
elongation and division processes, which are closely related to growth [32].

With respect to calcium silicate, [33] also observed a positive effect of the
coating of rice seeds irrigated with silicon sources on RL. The authors obtained a
20% increase in RL with a dose of 120 g 100 kg™ of seeds coated with carbonized
rice hulls (composed of 95% SiO,). The same dose of rice hulls used by those
authors promoted a 33% increase in the RL of rice cv. BRS Queréncia [34].
These findings corroborate ours, in which the coating with CS + PVA promoted
an 18% increase in RL, which confirms this effectiveness of calcium silicate in
RL. Silicon is not classified as an essential element in plant nutrition, but its ef-
fect is analogous to that of lignin as a structural component providing resistance
to the cell wall [32] [35].

None of the coating alternatives was statistically superior to control treatment
for SEM, SDM, and RFM (Table 2). However, this was likely due to the high
coefficients of variation (CV, %) observed for these variables, which is common
in results obtained from greenhouse tests, considering the high exposure to en-
vironmental variations (very high temperatures and sudden changes in humidi-
ty).

Contrastingly, the coating of barley seeds with limestone, aluminum silicate,
or the combination of both provided higher plant dry matter values than those
obtained with control treatment (uncoated), with increases of 79% to 146% for
the limestone and limestone + aluminum silicate treatments, respectively [29].
[31] also did not observe a difference in the dry matter of soybean plants
emerged from seeds coated with limestone, aluminum silicate, or the combina-
tion of both, in comparison with those from uncoated seeds. Those authors ob-
served a 20% increase in the dry matter of soybean plants after coating the seeds
with limestone and aluminum silicate.

In the present study, it should be stressed that treatments DL + S + PVA and
DL + AC + PVA promoted increases of 39% and 41% for SFM, 34% and 43% for
SDM, and 21% and 27% for REFM, respectively. Likewise, [11] did not find losses
in SEM, SDM, and RFM for coating treatments using the same filler materials as

those used here, suggesting that these are promising materials for use in seed
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coating.

By contrast, a significant difference was observed between the treatments for
root dry matter (RDM) (Table 2). The DL + S + PVA coating led to the highest
values for this variable, which were 74% higher than that observed in the un-
coated seeds. This result also exceeded the limestone-only treatment by 115%,
demonstrating the improvement achieved with the presence of sand in the mak-

ing of the coating.

4. Conclusions

Coating increases 1000-seed weight and reduces the water content of seeds. The
speed and duration of germination are negatively affected by seed coating; how-
ever, this procedure does not interfere with the seed germination rate.

Plant emergence is reduced irrespective of the type of coating used. The coat-
ing treatments with limestone + activated charcoal + PVA glue or limestone +
sand + PVA glue for perennial soybean cv. Comum stand out among the others
in that they provide increased shoot length, dry and fresh matter of shoots, and

dry and fresh matter of root.
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