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Mobilization of reserves and vigor of soybean seeds under
desiccation with glufosinate ammonium'
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ABSTRACT — The physiological quality of seeds depends on the cellular organization and their capacity to mobilize reserves. The
goal of this study was to assess the germination and vigor of soybeans seeds of Bensol RR and NA 5909 RG cultivars from desiccated
plants or not, by mobilizing reserves. Cultivars from desiccated plants or not, by mobilizing reserves. The plants were desiccated with
glufosinate ammonium (GLA) in reproductive stage R7.1 or not (TST). The physiological seed quality was assessed by germination
tests, accelerated aging and seedling length. For the mobilization of reserves were assessed within 48 hours of soaking: phytate,
protein and soluble sugar contents. In 48 hours of soaking, seeds from desiccated plants in cultivar NA 5909 RG showed lower
mobilization of soluble protein and soluble sugar, reflecting low vigor seedlings compared to their controls. For cultivar BensolRR,
in 48 hours of soaking, the application of GLA did not affect the mobilization of soluble protein when compared to control and did
not differ as to vigor. It is concluded that the use of the desiccant has negatively influenced the mobilization of soluble protein and
soluble sugar for cultivar NA 5909 RG, reflecting a low percentage of germination and low vigor.

Index terms: vigor, herbicide, protein, soluble sugar.

Mobilizagdo de reservas e vigor de sementes de soja sob dessecagdo com
glufosinato de amonio

RESUMO - A qualidade fisiologica em sementes depende da organizacdo celular e da sua capacidade de mobilizagio de
reservas. O objetivo do trabalho foi avaliar a germinagéo e vigor das sementes de soja das cultivares BensolRR ¢ NA 5909 RG
proveniente de plantas dessecadas ou no, através da mobilizagdo de reservas. As plantas foram dessecadas com glufosinato
de aménio (GLA) no estadio reprodutivo R7.1 ou ndo (TST). A qualidade fisioldgica das sementes foi avaliada através dos
testes de germinagdo, envelhecimento acelerado e comprimento de plantula. Para a mobilizagdo de reservas foram avaliados
em até 48 h de embebigdo, teores de fitato, proteina e agucar soliivel. Em 48 h de embebigao sementes provenientes de plantas
dessecadas da cultivar NA 5909 RG apresentaram menor mobilizagdo de proteina soluvel e agucar soluvel refletindo em
plantulas de baixo vigor em relagao a sua testemunha. Para a cultivar BensolRR em 48 h de embebigio, a aplicagdo do GLA
ndo afetou a mobilizagdo de proteina soluvel quando comparada a testemunha, nio diferindo quanto ao vigor. Conclui-se que
a utilizac@o do dessecante influenciou negativamente na mobilizagdo de proteina soltvel e agucar soluvel para a cultivar NA
5909 RG refletindo em baixo percentual de germinacédo e baixo vigor.

Termos para indexagao: vigor, herbicida, proteina, agucar soluvel.

Introduction

The soybean seeds period of stay in the field after
physiological maturity is crucial in the deterioration,
influencing the fall of vigor. An alternative to prevent the
seeds from remaining in the field after reaching physiological
maturity is the application of herbicides aiming to quickly
desiccate the plant, bringing forward its seeds harvest. Thus,
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application of the desiccant becomes an important factor to
maintain the seed physiological quality.

The seeds physiological quality depends on the cellular
organization and reserves mobilization capacity for the
formation of more vigorous seedlings. According to Henning
et al. (2010) and Pereira et al. (2015) more vigorous soybean
seeds have higher soluble protein, starch and soluble sugars
contents as well as higher reserves mobilization capacity
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during germination, resulting in soybean seedlings with better
initial performance.

Currently several studies have been relating desiccant use
with seeds final quality, where the herbicide mode of action,
weather conditions and phenological stage in which the plant is
found may maintain or negatively affect the seeds quality, and
even not bring forward the harvest. According to Guimaraes et
al. (2012) the glufosinate ammonium herbicide reduces soybean
seed germination when applied in the R6 stage and the herbicide
paraquat promotes the best seeds germination rates and vigor
when used in stages R6 and R7.2. Pinto et al. (2014) have found
that desiccation with glufosinate ammonium in bean seeds had
a lower percentage of normal seedlings in the germination test,
accelerated aging and first count.

Glufosinate ammonium is a contact herbicide, with the
ability to move at a short distance. Its mode of action inhibits
the enzyme glutamine synthetase (GS) blocking glutamine
synthesis via glutamate and thus the assimilation of NH,
which is accumulated in the plants leaves (Carvalho, 2013).
According to the same author, glufosinate ammonium might
still affect the synthesis of some amino acids, production of
free radicals and blocking photosynthesis, leading to plant
death. However, few studies report what changes occur in the
reserve components during germination in seeds from plants
desiccated with the herbicide.

The seeds germination process corresponds to three
stages; initially, the first stage of water absorption, which
occurs quickly and passively; afterwards, the second stage,
which is characterized by delayed water absorption; and the
third phase, where again the seeds begin to absorb water
quickly (Teulat-Merah et al., 2011; Weitbrecht et al., 2011)

From the precise moment when each of the three stages
starts and ends in the germination process of soybean seeds,
it becomes easier to infer the possible effects of desiccant
application in soybean plants in reproductive stage R7.1, on
the seeds physiological quality and their subsequent effect on
the germination process and vigor.

In this sense, the objective of this study was to assess the
germination and vigor of soybean cultivars BensolRR and
NA 5909 RG by mobilizing reserves during the germination
process from desiccated plants or not, with glufosinate
ammonium (GLA) in reproductive stage R7.1 (preharvest).

Material and Methods

The seeds used in the experiment are from the 2012/2013
harvest, derived from plants desiccated or not with glufosinate
ammonium in stage R7.1 (Ritchie et al., 1982). The work
sample was performed according to Regras para Analise de

Sementes (Rules for Seed Analysis) (Brasil, 2009).

The seeds physiological quality was assessed by the
germination percentage, seedling length and accelerated aging
test. The reserves mobilization during germination (phytate,
sugar and soluble protein) was determined in soaking times
0h,3 h, 6h, 16 h, 24 h and 48 h, characterizing the soaking
three-phase pattern.

The germination test consisted of four subsamples of 50 seeds,
germinated between three sheets of germitest paper, moistened
with distilled water 2.5 times the weight of the paper. The rolls
with the seeds remained in germination at 25 °C temperature.
Assessments were performed on the fifth day, considering only
normal seedlings, according to Brasil (2009).

To assess the seedlings length, the methodology proposed
by Nakagawa (1999) was used. Assessments were performed
five days after sowing, by measuring the total length of
normal seedlings with the help of a caliper. The results were
expressed in centimeters.

For assessment of seed vigor, accelerated aging test was
conducted, in which four subsamples of 50 seeds for each
treatment were used. Seeds were distributed on aluminum
screens fixed on the inside of plastic boxes and 40 mL of
water were added. The boxes were closed and kept in an aging
chamber for 48 h at 42 °C, according to Marcos-Filho (1999).
After this period, the seeds were germinated at 25 °C and on
the fifth day after the test installation normal seedlings counting
was carried out, as in the germination test.

The soaking curve was obtained according to Ma et al. (2004)
and Han et al. (2013) with some adjustments. For each soaking
time, two replicates with 50 seeds on roll paper were used, which
was formed using three sheets of germitest paper by repetition.
The paper was moistened with distilled water (2.5 times the weight
of the paper) and the rolls were taken to the germinator in a vertical
position at 25 °C, C in the presence of natural light, remaining for
3 h,6h, 16 h, 24 h and 48 h. At each time, a sample of 5 g of seeds
was taken and dried at 105 °C for 24 h to determine moisture. By
means of the moisture difference between the times, the soaking
curve was obtained. The moment the radicle protrusion reached
50% + 1 was considered the end of phase II and the beginning of
phase II1.

Phytate content was determined by the method of Latta
and Eskin (1980), which is based on the formation of an iron-
sulfosalicylic acid compound of dark blue staining (Wade
reagent). In the presence of phytate, iron is sequestered and
becomes unavailable to react with sulfosalicylic acid, which
results in decreased color intensity. Readings were taken in
a spectrophotometer at each time of the soaking curve, and
three repetitions were performed at each time.

For soluble protein analysis, three replicates were
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performed with 1 g of soybean seed from all selected points
of the soaking curve. The samples were ground in liquid
nitrogen to form a flour. The material was homogenized in
10 mM potassium phosphate buffer (pH 7.5) containing 1
mM of EDTA (Ethylenediamine tetra acetic acid, widely
abbreviated as EDTA (ethylenediamine tetra acetic acid), 3
mM of DTT (dithiothreitol) and about 4% of PVPP (polyvinyl
polypyrrolidone), according to Azevedo et al. (1998) and
Garcia et al. (2006). The homogenate was centrifuged at 3500
rpm for 30 minutes. The total soluble proteins were determined
in a spectrophotometer according to the method described by
Bradford (1976) and results were expressed in mg.g"! of seeds
dry weight.

For total soluble sugar analysis, samples of 0.250 g of
dried and ground seeds of each point of the soaking curve were
weighed. The total soluble sugars were determined by the Antrona
method, according to Clegg (1956) and the samples reading was
done with a spectrophotometer at a wavelength of 620 nm. The
results were expressed in mg.g"!' of seeds dry weight.

To verify the normal data distribution, the Shapiro-Wilk

Table 1.
not (TST) in reproductive stage R7.1.

test (5%) was used; for the homogeneity of variance, the
Cochran and Barlett (5%) test was used; and the germination
percentage was transformed into sine arc of (x / 100)°3. Next,
the data were submitted to analysis of variance by the F test.
For analysis of seed physiological quality and initial content of
biochemical components, the Tukey test at 5% error probability
was used and for the analysis of reserves mobilization over
time, regression analysis was used. Analyses were performed
via SAS® (SAS, 2009) computer program.

Results and Discussion

Comparing the vigor of the two varieties of seeds from
non-desiccated plants (Table 1) it was possible to observe,
by the accelerated aging test, that seeds of cultivar NA 5909
RG showed superior vigor, with 89% of normal seedlings and
19 c¢cm in length, compared to seeds of cultivar BensolRR,
which showed 79% of normal seedlings and 16 cm in length
(Table 1). Desiccation did not affect the seed vigor of cultivar
BensolRR compared to its control (Table 1).

Physiological quality of soybean seeds of two cultivars from plants desiccated with glufosinate ammonium (GLA) or

NA 5909 RG NA 5909 RG BENSOIRR BENSOIRR cv
TST GLA TST GLA %)
High vigor Low Vigor High vigor High vigor
Germination (%) 92 a 79b 94 a 89a 3.58
AA (%) 89 a 81b 79b 82b 3.35
SL (cm) 19.18 a 17b 17.06 b 18.44 ab 2.10

On the row, the means followed by the same letter do not differ at 5% by Tukey test.

SL — seedling length; AA — accelerated aging.

The seeds from desiccated plants of cultivar NA 5909 RG
were negatively impacted by the application of glufosinate
ammonium, with low vigor, lower germination percentage
(79%) and lower seedling length (17 cm) compared to control.
Similar results have already been observed previously in the
literature, indicating the low herbicide efficiency in obtaining
seeds with high physiological quality, promoting low percentage
of germination and low vigor (Guimaries et al., 2012; Lacerda
et al., 2005a; Pinto et al., 2014).

During the soaking process, it was observed that the
application of glufosinate ammonium had changed the
pattern of water absorption of cultivar Benso1RR within 48 h,
extending phase II (Figure 1), allowing for more time to repair
the seeds cellular structures and allocation of their reserves,
which may have contributed to maintaining the cultivar vigor
on the application of desiccant. This same change in soaking
pattern was not observed for seeds of cultivar NA 5909 RG

from desiccated plants, which presented low vigor.

Within 24 hours of soaking, all treatments showed radicle
protrusion, with water content in the seeds close to 60%,
coinciding with Mengarda et al. (2015) and Castro et al. (2004)
who have reported that at the end of phase II during germination,
the seeds water content is close to 60%, starting phase III, when
root protrusion starts. Han et al. (2013) have defined that phase II
is between 12 h and 24 h of soaking in soybean seeds.

Also in 24 hours of soaking, desiccated seeds from plants
of cultivar NA 5909 RG showed 28% of root protrusion
and their control showed 68%. For cultivar BensolRR from
desiccated plants there were 42% of root protrusion and its
control 67% (Figure 2). This delay in the root protrusion
process could be an advantage from the point of view of
tolerance to some sort of stress that might occur in the field,
as only few seeds would be affected, since not all would issue
sprouts during stress.
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Figure 1. Soybean seeds soaking three-phase pattern for cultivars NA 5909 RG and Benso1RR from plants that were desiccated
with glufosinate ammonium (GLA) and non-desiccated (TST).

80
BensolRR

70 4 TST; a

0 I -

BensolRR;
GLA; b

Radicle protrusion (%)
8 8 8 3

N
o

[y
o

NAS5S909RG
TST; a

NAS5909RG
GLA;c

Figure 2. Radicle protrusion from soybean seeds of cultivars NA 5909 RG and BensolRR from desiccated plants with
glufosinate ammonium (GLA) or not (TST). Means followed by the same letter do not differ at 5% by Tukey test.

In 48 h of soaking, seeds from desiccated plants reached
almost the same percentage (100%) of root protrusion
compared to their controls (Figure 2), indicating the start of
phase III. Similar data for soybeans and beans seeds have
been observed, and phase III occurs at 40 hours of soaking for
soybeans seeds and at 30 h for beans seeds (Teulat-Merah et
al., 2011; Cheng et al., 2009).

Regarding the biochemical components of dry seeds
reserves, it was observed that the initial phytate and soluble
protein content did not change with the application of glufosinate
ammonium, when compared with their controls, but there was
a reduction of the initial levels of soluble sugar for cultivars
NA 5909 RG and Bensol1RR (Table 2) regarding their controls.
A similar result was observed by Lacerda et al. (2003b), who
have not observed differences in total protein content when

comparing seeds from plants desiccated with glufosinate
ammonium compared to control in different reproductive
stages of soybeans. However, they have noted significant
differences in the ether extract (lipid) between seeds from
desiccated plants in relation to their controls, and, the later
the product was applied, the more the ether extract content
approached the control.

Phytate is the main storage form of phosphorus in seeds, and
can be used as energy reserve, besides being a major precursor of
polysaccharides constituting cell walls (Scott, 1991). The initial
phytate content of seeds from desiccated plants of cultivars NA
5909 RG and BensolRR were similar when compared with
seeds from non-desiccated plants, ranging from 1.27 to 1.97
mg.g"! of seeds. The levels observed by Moreira et al. (2012)
ranged between 1.131 and 2.43 g.100 g™'.
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Table 2. Initial content of biochemical components in soybean seeds from plants desiccated with glufosinate ammonium
(GLA) or not (TST).
Treatments Soluble protein (mg.g"l) Soluble sugar (mg.g']) Phytate (mg.g")
NA 5909 RG TST 101.54 a 142.3098 a 1.58a
NA 5909 RG + GLA 104.26 a 100.8929 ab 1.57 a
BensolRR TST 110.11a 94.69 b 1.27 a
BensolRR + GLA 109.67 a 81.65b 1.98 a
CV (%) 3.96 16.73 13.76

In the column, means followed by the same letter do not differ at 5% by Tukey test.

The initial content of soluble protein for cultivar NA 5909
RG was 104.26 mg.g"!, being similar for cultivar BensolRR,
with a content of 110.11 mg.g", being close to the value
found by Stajner et al. (2007) who have observed 95 mg.g
! of soluble protein in soybean seeds, and the authors have
not observed any changes when different y radiation dosages
were applied to the seeds, and no difference was observed
in the soluble protein contents of this study among the seeds
from desiccated plants regarding their control (Table 1).

The application of desiccant promoted the reduction of
the initial soluble sugar content in seeds for the two cultivars
in relation to their controls (Table 2). For cultivar NA 5909
RG from desiccated plants, 100.89 mg.g"! were observed
and their control 142.30 mg.g"'. For cultivar BensolRR from
desiccated plants, 81.65 mg.g™! were observed and their control
94.69 mg.g'. The values found in this study are similar to
those found by Obendorf et al. (2009) who observed between
100 and 150 mg.g"' of total soluble carbohydrate in seeds in
physiological maturity.

The high vigor for seeds of cultivar NA 5909 RG in
relation to cultivar BensolRR from non-desiccated plants
may be associated with higher initial content of soluble sugar
observed for NA 5909 RG in relation to cultivar BensolRR,
and the same was observed by Henning et al. (2010) who claim
that soybean seeds with high initial sugar and soluble protein
content show high vigor. However, seeds from desiccated plants
of cultivar Benso1RR had lower initial content of soluble sugar
for dry seeds, showing that the initial content of the reserve
components was not the determining factor for the maintenance
of the vigor, since there was no difference in vigor between
desiccated plant seeds regarding their control for this cultivar.

Seeds germination is a physiological and important process
in the development of seedlings, which involves complex
processes and the use of their reserves for the formation and
establishment of new seedlings (Ishibashi et al., 2013; Kim
et al., 2011). During the soaking period in this study, there
was a mobilization of soluble sugars and decreases in protein
content, indicating the use of these components to form new

seedlings. However, there were no significant changes to the
phytate content over time. According to Martinez et al. (2011),
48 hours after soaking is a very short period to observe phytate
hydrolysis during soybeans seed germination.

The soluble protein content decreased during the soaking
time (Figure 3), more sharply for cultivar BensolRR, with
and without desiccation, and for cultivar NA 5909 RG without
desiccation, not interfering in vigor. However, for seeds of
cultivar NA 5909 RG from desiccated plants, there was a less
pronounced mobilization of soluble protein, reflecting at the
end of five days in low germination percentages with smaller
seedlings and low vigor when compared to control plants seeds.

The lower mobilization of soluble protein over time can
be reflected in reduced synthesis of amino acids. According
to Han et al. (2013), the increased amino acid content
during the germination of soybean seeds is related to protein
degradation, which can be translocated to the embryonic axis
growing points, thus contributing in forming living tissues
and participating in reactions of the respiratory chain.

With 24 hours of soaking, the cultivars from plants control
of cultivar NA 5909 RG had lower soluble sugar content
(291.99 mg.g") in relation to cultivar BensolRR (379.23
mg.g"') to issue nearly the same percentage of rootlets, 67%
e 68%, respectively. For seeds from desiccated plants, the
differences between cultivars were high, the soluble sugar
content for cultivar BensolRR was 279.27 mg.g ! with 42%
of root protrusion compared with cultivar NA 5409RG,
with soluble sugar content 146.87 mg.g"' and 28% of root
protrusion.

In 48 h of soaking, when all treatments showed 100% root
protrusion, there was greater mobilization of soluble sugar of
cultivar BensolRR in relation to cultivar NA 5909 RG, both
for seeds from control plants as for seeds from desiccated
plants (Figure 4). However, when comparing seeds of both
cultivars from control plants, cultivar NA 5909 RG (241.44
mg.g ') was more efficient in the use of soluble sugar, because
with less mobilization (Figure 4) it showed high vigor in
relation to cultivar BensolRR (365 mg.g™).
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Figure 3. Mobilization of soluble proteins of soybean seeds during germination of cultivars NA 5909 RG and BensolRR from
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Figure 4. Mobilization of soluble sugar of soybean seeds during seed germination of cultivars NA 5909 RG and BensolRR
from desiccated plants (GLA) and non-desiccated (TST). *Significant value (p < 0.05) — Tukey test.

For seeds from desiccated plants (Figure 4), an opposite
behavior was observed, in this case the increased mobilization
of soluble sugar of cultivar BensolRR (233.62 mg.g"') during
soaking because it may have been the determining factor for
maintaining vigor and germination percentage on the application
of glufosinate ammonium on physiological maturity in relation
to cultivar NA 5909 RG (126.98 mg.g!), and not the higher
levels of soluble sugar in the dry seed of cultivar NA 5909 RG
in relation to seeds of cultivar BensolRR.

One possible explanation for glufosinate ammonium
having influenced the seeds quality is the presence of the
herbicide molecule in the seeds. As this herbicide has the
ability to translocate at a short distance, one hypothesis is that
it could have crossed the pod and come into contact with the
seed, or the product has the ability to change the permeability
of the pods membranes, favoring translocation of water and
the herbicide molecule itself into the pod, contacting the
seed. According to Oliveira et al. (2014), greater absorption
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of water by soybean pods harvested from reproductive stages
R7 and RS takes place, when compared with stages R4, RS
and R6, influencing loss of seed vigor.

Thus, more specific study is being carried out, seeking to
understand how the herbicide molecule applied in plants may
be affecting the seeds quality and which enzymatic and non-
enzymatic mechanisms may be involved in maintaining these
seeds vigor, such as, for example, the activity of antioxidant
enzymes, non-enzymatic compounds and cellular changes.

Conclusions

It is concluded that the use of glufosinate ammonium
has negatively interfered in the mobilization of reserves
for NA 5909 RG, reflecting low vigor and low germination
percentage. For cultivar Benso1RR the application of desiccant
changed the pattern of water absorption, prolonging phase 11
of soaking, allowing more time for cellular organization of
seeds and mobilization of their reserves, contributing to the
maintenance of their vigor.

The use of glufosinate ammonium as a desiccant is not
recommended, since for cultivar NA 5909 RG there was a
reduction of seed vigor, and for cultivar Benso1RR there was
no effective difference between seeds from desiccated plants
regarding their control.
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