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The aim of this study was to evaluate the physiological performance of wheat seeds derived from
plants subjected to desiccation with different herbicides and seed moistures, before and after storage.
A randomized block experimental design was used in a 4 x 3 factorial, with three herbicides and
application absence and three seed moisture contents at application. 1000-seed weight, germination
and first count, germination speed index, emergence and emergence speed index, and accelerated
aging and electrical conductivity were assessed. Seed vigor is reduced by herbicide action when
applied in 40% moisture, what is related to the active principle. Germination and vigor of wheat seeds
from plants subjected to herbicide application in different seed moistures have similarity when

assessed before sowing and after storage.
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INTRODUCTION

Wheat has high importance in the world’s grain production,
and it is the third most planted crop, after rice and corn.
Brazil’s wheat production is not self-sufficient, importing more
than 6.0 million tons of grains per year. Production of this
species is concentrated in the Brazilian south region, where the
three southernmost states were responsible for 93% of
Brazilian wheat production in the 2014 season. In the same
season, Brazilian mean wheat yield was 2.2 t ha'l, and some
states from the Brazilian Midwest region stood out.
Appropriate farming practices, such as sowing in the
recommended period (Meotti et al., 2012), weed management
(Braz et al., 2010) and use of high quality seeds enable higher
crop yields (Albrecht er al., 2009). High quality seeds enable
uniform and rapid emergence (Lima et al., 2007), besides
yielding plants that are capable to express their maximum

*Corresponding author: Geison Rodrigo Aisenberg,
Federal University of Pelotas, College of Agronomy “Eliseu Maciel”,
CEP 96050-500, Capao do Ledo, Rio Grande do Sul, Brazil.

genetic potential in the field (Toledo et al., 2014). Among
main factors that affect seed physiological performance, the
right time to harvest is highlighted (Guimaraes et al., 2012). In
seed production, it is recommended that harvest should be
conducted as close to physiological maturity as possible (Bellé
et al., 2014), as dry matter transferring from matrix to seeds is
interrupted at this point (Terasawa et al., 2009). In addition,
maximum dry matter accumulation, maximum germination
and higher vigor are obtained at this point (Araujo et al.,
2006). Premature harvesting results in malformed seeds with
inadequate reserve levels (Peske et al., 2012), while delay
causes vigor decrease (Sedyama, 2013). In many field
situations, mechanical harvesting near physiological maturity
point is not possible, as much of plant structural matter is still
green due to plant development unevenness, causing improper
harvester operation during plant material collection and seed
damage during threshing (Terasawa et al., 2009). Thus,
preharvest desiccation may be an alternative to standardize
plants in relation to their green matter composition (Kappes et
al., 2012). Herbicide use in plant desiccation during preharvest
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has been a growing practice in seed production, and is aimed at
anticipating plant removal from the field (Marcandalli et al.,
2011). Chemical desiccation causes leaf tissue damage
(Lacerda et al., 2001), which may adversely affect reserve
formation, seed development and physiological potential if
conducted precociously. Desiccation by chemicals promotes
quick water content reduction in vegetables (Kappes et al.,
2012), allowing for seed harvesting anticipation (Pereira et al.,
2015). In chemical desiccation, paraquat, ammonium salt
glufosinate (Pereira et al., 2015) and glyphosate (Bellé et al.,
2014) herbicides are commonly used. Paraquat is a non-
selective, post-emergent herbicide that has photosystem I
inhibition as action mechanism (Vargas and Roman, 2006),
besides being an electron acceptor (Martins, 2013). Plants
submitted to paraquat application have CO, fixing inhibition,
producing superoxides, which are molecules that promote cell
membrane destruction (Martins, 2013). Ammonium salt
glufosinate acts by inhibiting the glutamine synthetase enzyme
(Rodrigues and Almeida, 2011), resulting in ammonium
accumulation and plant death (Carneiro et al., 2006). On the
other hand, glyphosate is a non-selective, systemic herbicide
used in post-emergence (Toni et al., 2006), inhibiting the 5-
enolpyruvylshikimate-3-phosphate synthase enzyme, which is
responsible for phenylalanine, tyrosine and tryptophan
aromatic amino acids synthesis, precursors of lignin, alkaloids,
flavonoids and benzoic acids (Toni et al., 2006). In order to
achieve success through preharvest desiccation, it is necessary
to assess product effect at different seed development stages
(Pereira et al., 2015). Moisture (or water content) can be
related to wheat seeds development, which reach physiological
maturity in 32-35% moisture (Peske et al., 2012). Therefore,
preharvest paraquat application in beans may affect
physiological quality, influencing on seedlings growth and
biomatter accumulation (Kappes et al., 2012). In soybean,
glyphosate use adversely affects physiological quality, while
reducing soybean germination and seedling development
(Toledo et al., 2014). Given the above, the application of
desiccants can adversely affect the physiological quality of
wheat seed, before and after storage, being that the humidity at
the time of application also has an effect on this characteristic.
Thus, the aim of this study was to evaluate the physiological
performance of wheat seeds derived from plants subjected to
desiccation with different herbicides and seed moistures,
before and after storage.

MATERIALS AND METHODS

The experiment was conducted in an experimental area in
Santo Augusto, Rio Grande do Sul state, 53°48'53" latitude,
27°54'52" longitude and elevation of 497 meters. Assessments
regarding seed physiological performance were carried out in
the Seed Analysis Didactic Laboratory from the
Phytotechnology Department. The experimental area soil is
classified as dystrophic purple Latosol, with the following
characteristics in the 0-20 cm deep layer: clay = 51.3%; pH =
5.4; O.M = 3.5%; Al = 0.6 cmol, dm™; Ca = 4.0 cmol, dm™;
Mg = 2.1 cmol, dm™; P = 36.4 mg dm”; K = 392 mg dm"™.
Fertility and soil acidity correction was done by previous
analysis, as recommended by the fertilization and liming
manual for the states of Rio Grande do Sul and Santa Catarina.
Seeds were sown with a plot sower through direct sowing at a

depth of 2.5 cm and adopting 20 cm spacing between rows,
with a density of 300 seeds per square meter. TBIO Sinuelo
cultivar was used. A randomized block experimental design
was used in a 4 x 3 factorial, with three herbicides + no
application (control) and three seed moistures at application,
which were, as follows: 15%; 30% and 40%, with four
repetitions. Herbicides used in the treatments with their
respective characteristics and applied doses are shown in Table
1. Applications were conducted with a CO,-pressurized
backpack sprayer, using a spray volume of 200 L ha™'. Plots
were harvested mechanically with a plot harvester, and seeds
had 16% moisture at harvest. Afterwards, seeds were placed
separately in cotton bags and stored in cold and dry chamber,
as recommended, until the tests were conducted (Peske et al.,
2012). In order to determine seed physical and physiological
performance, 1000-seed weight was assessed from eight
repetitions, through manual counting of a hundred seeds in
eight subsamples per repetition (Brasil, 2009). Germination
was assessed immediately after harvest and also after storage,
before the next sowing window, through four repetitions with
four subsamples of 50 seeds each per treatment. In order to do
so, seeds were placed to germinate between three germination
sheets soaked in a ratio of 2.5 times the dry paper mass. Rolls
were transferred to a BOD incubator at 20 °C with a 12-hour
photoperiod. Assessments were conducted eight days after
sowing and results were expressed in percentage of normal
plants (Brasil, 2009).

Table 1. Commercial name, concentration, active ingredient and
dose of each herbicide used in wheat plants preharvest desiccation

Commercial name  Concentration  Active ingredient  Dose used'

Controle - - -

Glizmax® 648 g L Glyphosate 1296 g

Finale® 200gL?! Ammonium salt 400 g
glufosinate

Helmoxone® 276 g L' Paraquat 552 g

"Active ingredient per hectare

Seedling emergence in greenhouse was conducted in four
repetitions with four subsamples of 50 seeds per treatment.
Sowing was conducted in a solodic Haplic Eutrophic Planosol
soil belonging to the Pelotas mapping unit. Assessment was
conducted 21 days after sowing, and results were expressed in
percentage (Nakagawa, 1994). For the accelerated aging test,
seeds were distributed on a metal screen fixed inside plastic
boxes ("gerbox") containing 40 mL of saturated saline
solution. Saturated saline solution was composed of 11 grams
of NaCl per each 100 mL of water, and plastic boxes
containing the seeds were kept in a BOD incubator at 43 °C for
a period of 48h. Subsequently, seeds were placed to germinate
under the same conditions of the germination test, and the
assessment was conducted four days after sowing (Brasil,
2009). Electrical conductivity test was conducted in four
repetitions with four subsamples of 25 seeds. Seeds had their
mass determined beforehand. Afterwards, seeds were placed in
polyethylene beakers containing 80 mL of deionized water and
were kept in a BOD incubator at 20 °C with a 12-hour
photoperiod. Electrical conductivity readings were made after
3; 6 and 24 hours of imbibition, using a digital conductivity
meter. Results were expressed in pS cm™ g” of seeds. After
collection, data related to physiological performance of wheat
seeds subjected to preharvest desiccation in different moistures
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were subjected to analysis of variance, and means were
compared by Tukey test at 5% probability.

RESULTS AND DISCUSSION

Wheat preharvest desiccation, adopted in seeds with different
moisture degrees, resulted in a different response for each
variable. There was interaction between herbicides and
desiccation moistures for all variables, except for the first
germination count when measured before storage (immediately
after harvest). 1000-seed weight was significantly affected by
herbicides and seed moistures at application (Table 2).
Herbicide application when seeds had 40% moisture caused
the highest 1000-seed weight reduction for the three products,
compared to application in lower moistures. According to
Guimaraes et al. (2012), time or moisture of seeds in which
desiccants were applied did not affect seed yield.

Table 2. Germination (G), accelerated aging (AE), field emergence
(E) and 1000-seed weight (M) obtained from wheat seeds
derived from plants subjected to preharvest desiccation with
different herbicides and seed moistures (Uy,)

Herbicide Uwa (%) G (%) AE (%) E (%) Moo (g)
Control - 95 a' 81 ab 8la 34.13b
Glyphosate 40 24 e 2le 21d 31.68d
Glyphosate 30 84 ab 76 b 80a 33.55 be
Glyphosate 15 80b 87a 8la 33.77 be
Paraquat 40 I5e 4f 9e 30.12 ¢
Paraquat 30 63 ¢ 58¢ 63bc  33.67 be
Paraquat 15 83b 770 68 b 34.08b
A. glufosinate 40 41d 37d 55¢ 33.70 be
A. glufosinate 30 88 ab 770 80a 35.02a
A. glufosinate 15 81b 83 ab 8la 3329¢

CV (%) 758 645 746 1.24

"Means with the same letter in columns do not differ significantly by
Tukey test (p<0.05).

According to Martins et al. (2006), test weight and 1000-seed
weight are also not affected by herbicide use in preharvest. The
response regarding herbicide application may be related to
harvest period and environmental conditions during seed
storage in the field (Terasawa et al., 2009). In addition, it may
also be related to the fact that some herbicides do not affect
seed filling and do not hinder reserve accumulation. Wheat
seeds produced under the influence of plant desiccation in 40%
moisture showed germination, germination after accelerated
aging and seedling emergence decrease compared to seeds of
the control treatment (no herbicide application) (Table 2).
However, when herbicide application occurred in 15% seed
moisture, germination maintenance was above the required for
commerce. There was similarity between germination values
for seeds subjected to herbicide effect in 15 and 30% moisture,
as well as for plants not subjected to the effect of these
molecules.

Herbicides used during seed filling caused seed vigor reduction
in higher moistures (Table 2). However, herbicide use
influence, which is aimed at precocious harvesting, depends on
seed development stage. Contact desiccant use does not affect
seed physiological quality, which is not observed for systemic
herbicides (Daltro et al., 2010). However, response to the
herbicide may be related to application at different
physiological maturation stages, which may affect crop yields

due to reduction or stoppage of assimilate translocation and
allocation to the seeds (Peluzio et al., 2008). Wheat seeds
germination prior to storage reached higher values for all
herbicides when they were applied in 15% moisture, compared
to 40% moisture (Table 3). By analyzing seed germination in
each moisture, this variable reduced when paraquat was
applied in 40% moisture. However, no difference was
observed between products when wheat plants were subjected
to preharvest desiccation and had seeds with 15% moisture. On
the other hand, seed germination before sowing showed
similarity with germination before storage. Desiccation with all
herbicides in the highest seed moisture resulted in germination
reduction compared to desiccation with 15% moisture. Seed
lower germination or harmful effects when plants are subjected
to preharvest desiccation and seeds have higher moistures can
be attributed to herbicide effect, either by systemic
translocation to the seeds or by the contact action contact on
the mother plant leaf area. These effects may directly affect the
seed, resulting in low seedling performance. In addition, these
effects may indirectly affect seeds by acting in the mother
plant, resulting in inappropriate reserve deposition and cell
membrane formation.

Table 3. Germination of wheat seeds derived from
plants subjected to preharvest desiccation with
different herbicides and seed moistures

Germination before storage (%)

Herbicide Seed moisture (%)

15 30 40
A. glufosinate 81 aA! 88 aA 41 aB
Glyphosate 80 aA 84 aA 24 bB
Paraquat 83 aA 63 bB 15 bC
CV (%) 8.05

Germination after storage
A. glufosinate 84 aA 85 aA 45 aB
Glyphosate 89 aA 88 aA 29 bB
Paraquat 86 aA 73 bB 9 cC
CV (%) 6.11

'Means followed by the same lowercase letter in the column and capital in the
line do not differ statistically by Tukey test (p<0.05).

Seen in these terms, according to Lamego et al. (2013), harvest
conducted at the right time favors seed germination and vigor.
Campos et al. (2012), reports that harvest can be anticipated
with preharvest desiccation. It is known that seed germination
may be influenced by herbicide and moisture at desiccation
(Peltizio et al., 2008; Toledo et al., 2014). The three herbicides
applied during preharvest reduced seed vigor when applied in
40% moisture, with the highest effect observed for paraquat.
Plant desiccation through herbicide use may reduce seed vigor,
as noted by the first germination count (Campos et al., 2012).
However, its use for harvest anticipation after physiological
maturity reduces deterioration risks in the field, allowing for
harvest, when seeds have high vigor (Terasawa et al., 2009). In
the accelerated aging test, assessed before seed storage, the
number of normal wheat seedlings produced and obtained from
seeds originating from plants under desiccation decreased with
moisture increase for the three herbicides (Table 4). There was
no difference between herbicides in 15% moisture, when seeds
were assessed before sowing. However, for glyphosate and
paraquat herbicides in 30 and 40% moisture, lower
germination values occurred after accelerated aging compared
to those observed for ammonium salt glufosinate in the same
moisture contents.
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Table 4. Germination after accelerated aging (AE) and seedling emergence in field (E) of seeds originated from plants subjected to
preharvest desiccation with different herbicides and seed moistures

AE (%) E (%)

Herbicide Before storage
15 30 40 15 30 40
A. glufosinate 83 abA' 77 AA 37 aB 81 aA 80 aA 55 aB
Glyphosate 87 aA 76 aB 21 bC 81 aA 80 aA 21 bB
Paraquat 77 DbA 58 BB 4 cC 68 bA 63 DA 9 ¢B
CV (%) 6.93 7.83
After storage

A. glufosinate 76 aA 76 AA 40 aB 83 aA 85 aA 54 aB
Glyphosate 82 aA 63 BB 19 bC 86 aA 82 aA 22 bB
Paraquat 82 aA 62 BB 3 cC 8 aA 80 aA 9 ¢B
CV (%) 8.08 7.34

'Means followed by the same lowercase letter in the column and capital letter in the line do

not differ statistically by Tukey test (p<0.05).

Seed vigor, assessed by accelerated aging test, is reduced by
herbicide application, according to Toledo et al. (2014). Thus,
results obtained in the three desiccation moistures, when seeds
were assessed before storage, demonstrate herbicide adverse
effect (Table 4). Higher paraquat effect in the highest seed
moisture is due to the fact that this is a contact product. In
addition, it is also due to moisture non-uniformity between
seeds, as some had higher or lower humidity than 40%, that is,
there were immature seeds. Ammonium salt glufosinate and
glyphosate application resulted in the highest seedling
emergence values compared to paraquat application in 15 and
30% moisture. Before sowing, no differences were observed
between herbicides in 15 and 30% moisture when seedling
emergence was taken into account (Table 4). Exception was
observed for desiccation in 40% moisture, both before and
after storage, and seedling emergence was higher when
ammonium salt glufosinate, glyphosate and paraquat were
applied. At physiological maturity, maximum seed quality is
obtained, which depends on species, cultivar and the
environment to where seeds are exposed in the field
(Marcandalli et al., 2011). Seedling emergence uniformity is
important to determine the initial plant population, which is
related to crop yield (Marcos Filho et al., 2009). However,
seedling emergence uniformity is influenced by seed vigor,
which is related to seed development in field (Peske et al.,
2012). Electrical conductivity, regardless of herbicide and
imbibition time, was higher in seeds from plants that were
subjected to desiccation in 40% moisture (Table 5).

Table 5. Electrical conductivity of wheat seeds originated from
plants subjected to preharvest desiccation with different
herbicides and seed moistures (Uy,) after 3, 6 and 24 hours (h) of
imbibition

Herbicide Uwma (%) 3h 6h 24h
Control - 5.00 ¢! 7.59 ¢ 1790 ¢
Glyphosate 40 22.80a 29.90 a 59.10 a
Glyphosate 30 4.55¢ 7.05¢ 15.60 ¢
Glyphosate 15 4.83 ¢ 7.36 ¢ 16.50 ¢
Paraquat 40 2290 a 30.50 a 5740 a
Paraquat 30 449 ¢ 6.62 ¢ 16.20 ¢
Paraquat 15 449 ¢ 721c¢ 18.30 ¢
A. glufosinate 40 13.10b 18.70 b 36.80b
A. glufosinate 30 4.22¢ 6.78 ¢ 15.80 ¢
A. glufosinate 15 4.62 ¢ 722¢ 16.40 ¢
CV (%) 7.58 10.21 6.45

'"Values with the same letter in columns do not differ significantly by Tukey
test (p<0.05).

The conductivity test indicates that higher electrolyte leakage is
a result of lower cell membrane selectivity, which had lower
reorganization level. Thus, according to Toledo et al. (2014),
seed electrical conductivity varies according to moisture
content at desiccation.

Conclusions

Germination and vigor of wheat seeds from plants subjected to
herbicide application in different seed moistures were similar
when assessed before sowing and after storage. Seed vigor is
reduced by herbicide action when applied in 40% moisture.
The effect is related to the active principle used in desiccation.
Herbicide use for wheat preharvest desiccation in seeds with
more than 30% moisture reduces 1000-seed weight.
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