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ABSTRACT

Early harvest may decrease seed exposure in the field after physiological maturation. The
objective of this study was to evaluate the effect of glyphosate desiccant at different plant
desiccation times at pre-harvest on the physiological quality of crambe (Crambe abyssinica
Hochst) seeds. The experimental design was completely randomized in a 2 x 4 factorial
scheme, involving the application of glyphosate desiccant in the plants at pre-harvest and
the control (without plant desiccation) and four desiccation times, with three replicates per
treatment. The desiccation of crambe plants at pre-harvest with glyphosate was efficient,
positively affecting seed germination and vigor. Application of the desiccant in the plants,
with 90% of brown seeds, at 103 days after sowing, allows the production of seeds with
superior performance.
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Qualidade fisioldgica de sementes de crambe dessecado
em pré-colheita com glyphosate

RESUMO

A antecipagdo da colheita pode diminuir a exposi¢ao das sementes no campo apos a
maturacdo fisioldgica. Objetivou-se avaliar o efeito do dessecante glyphosate em diferentes
épocas de dessecacdo das plantas em pré-colheita na qualidade fisioldgica de sementes de
crambe (Crambe abyssinica Hochst). Foi utilizado o delineamento experimental inteiramente
casualizado em esquema fatorial 2 x 4, envolvendo a aplicagdo de dessecante glyphosate
nas plantas em pré-colheita e a testemunha (sem dessecagdo das plantas), e quatro épocas
de dessecagdo, com trés repeticdes por tratamento. A dessecagao das plantas de crambe em
pré-colheita com glyphosate se mostrou eficiente, afetando positivamente a germinagéo
e o vigor das sementes. A aplicagdo do dessecante nas plantas, com 90% das sementes de
colora¢do marrom, aos 103 dias apds a semeadura, possibilita a produ¢io de sementes com
desempenho superior.
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INTRODUCTION

Crambe (Crambe abyssinica Hochst) is an oilseed species
that can have up to 38% of oil content in its seeds (Pitol et al.,
2010). In oilseed crops, the oil obtained from extraction of
the seeds has stood out in the biofuel production for being a
renewable source, reducing the use of fossil fuels.

Crambe is a species with indeterminate flowering habit,
and the same plant have seeds at different maturity stages
(Oliveira et al., 2014); its flowering and, consequently, seed
production occur for along period, which evidences the effects
of maturation on seed quality. Harvesting at the right moment
is fundamental to preserve seed quality because early harvest
may lead to increased deterioration due to high moisture
content, whereas late harvests leave the seeds exposed to the
unfavorable conditions of the environment, compromising
their quality.

Seed physiological quality is an essential factor for the
performance of the crop in the field and is characterized by
longevity, germination and vigor (Kappes et al., 2012). Thus, the
effects on seeds consist in reduction of germination percentage,
increase in the number of abnormal seedlings and reduction
in seedling vigor (Toledo et al., 2009).

One alternative that can be employed to reduce seed
deterioration in the field is the application of desiccating
herbicides, which are applied to allow early harvest and
uniformize seed maturation, ensuring better quality.
Glyphosate is among the most used desiccating herbicides,
a product that is post-emergence and with systemic action,
belonging to the substituted glycine chemical group (Vargas
et al., 2007).

Thus, this study aimed to evaluate the effect of glyphosate
desiccant at different plant desiccation times at pre-harvest on
the physiological quality of crambe seeds.

MATERIAL AND METHODS

The study was carried out from December 2016 to May
2017, at the State University of Montes Claros - Unimontes, in
the Department of Agrarian Sciences, Janatba, MG, Brazil (15°
48 32 §;43° 19’ 317 W; 533 m), in two experimental steps.
The first step was conducted in a greenhouse with constant
temperature 25 + 3 °C and relative humidity of 60 + 3%,
recorded along the experiment. The second step was conducted
at the Laboratory of Seed Analysis of the Unimontes.

The experiment used seeds of crambe, cultivar ‘FMS
Brilhante), 2014 season, from the Cooperativa Agropecudria
Pioneira (COOAPI), Chapada Gatcha, MG, at geographic
coordinates: 15° 28 6” S, 45° 25’ 6” W, at altitude of 624 m.

The experimental design was completely randomized in 2
x 4 factorial scheme, involving the application of glyphosate
in the plants at pre-harvest and the control (without plant
desiccation), and four desiccation times based on the stages
of seed maturation, detected through visual observation of
the percentage of brown seeds (45, 60, 75 and 90%), which
occurred at 88, 93, 98 and 103 days after sowing (DAS). Three
experimental units (replicates) were used, each one represented
by one pot containing one crambe plant.
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Before sowing, the seeds were treated with the fungicide
Carbendazim, at dose of 200 mL of the commercial product
per 100 kg of seeds, and then planted at 2 cm depth in 7-L
plastic pots, in number of five seeds per pot. After germination
and emergence, when seedlings showed the second true leaf,
thinning was performed to leave only one seedling per pot.

The substrate used was composed of sand, slope soil
and manure at 1:1:1 proportion, based on volume. The
characterization of soil chemical and physical attributes, in the
0-20 cm layer, showed the following results: pH in water: 6.80;
OM (%): 1.00; P (Mehlich): 78.10 mg dm; K: 131 mg dm; Ca:
2.4 cmol_dm; Mg: 0.9 cmol ; Exchangeable Al: 0.00 cmol_dm;
V: 79% (Ribeiro et al., 1999).

Fertilization was performed as recommended by Cantarutti
etal. (1999) and consisted in the application of 1.55 g of urea,
31.18 g of triple superphosphate and 2.17 g of potassium
chloride per pot at planting; and 15.59 g of urea as top-dressing
fertilization at 15 days after planting. Irrigation was manually
applied twice a day, in the early morning and late afternoon,
according to the crop need.

Desiccation was performed using the herbicide glyphosate
(2.0 Lha' of a.i.) applied using a backpack sprayer with capacity
for 20 L of mixture. In plants that did not receive desiccant
application, harvests were performed at 88,93, 98 and 103 DAS,
which respectively corresponded to the periods 1, 2, 3 and 4.
For plants that received glyphosate application, a 7-day interval
was used between herbicide application and seed harvest.

All racemes of the plants from the respective treatments
were manually harvested, placed in plastic bags and sent to the
laboratory. Seeds were manually extracted and immediately
subjected to moisture content determination by the oven
method at 105 = 3 °C for 24 h (Brasil, 2009). Then, the
remaining seeds were immersed for 2 min in a 2% sodium
hypochlorite solution and washed in running water for 5
min. After that, they were dried on paper towel under room
conditions at the laboratory for 24 h until reaching moisture
content of approximately 10%.

For the germination test, the seeds were distributed on
two sheets of Germitest paper, moistened with a volume
of distilled water equivalent to 2.5 times their dry weight,
in plastic boxes (Gerbox®). The boxes were maintained in
germinator at temperature of 25 °C. Evaluations were carried
out on the fourth (first count of germination) and seventh days
after sowing, and the results were expressed in percentage of
normal seedlings, according to the criteria established by the
Rules for Seed Analysis - RAS (Brasil, 2009).

Emergence speed index (ESI) was determined under
laboratory conditions (25 °C), using washed and sterilized
sand as substrate. The seeds were planted at 2 cm depth in
plastic boxes (Gerbox®) containing the substrate moistened
with water volume equivalent to 50% the retention capacity
(Brasil, 2009), and moisture levels were maintained by daily
irrigation. ESI was determined by daily counting the number
of emerged seedlings until 7 DAS (Maguire, 1962).

The method proposed by Marcos Filho (1999) was used
to determine the accelerated aging, by placing approximately
250 seeds uniformly distributed on aluminum screen, attached
to the interior of the Gerbox plastic box, containing 40 mL of
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distilled water at the bottom. The boxes were closed and kept
in Biochemical Oxygen Demand (B.O.D.) incubation chamber
at 43 °C for 72 h. After this period, three replicates of 50 seeds
were subjected to germination test, as previously described, and
the results were expressed in percentage of normal seedlings
obtained at 4 DAS.

Electrical conductivity was evaluated using three replicates
of 50 seeds, weighed and placed in 200-mL plastic cups
containing 75 mL of distilled water. The cups were taken to the
B.O.D. chamber at 25 °C for 24 h. Readings were taken using
a DM-31 conductivity meter and the results were expressed
in uS cm™ g of seeds (Vieira et al., 2002).

The results were subjected to analysis of variance and when
significant, the effects of desiccant application and control
(without plant desiccation) were analysed by F test at 0.05
significance level, whereas the effects of desiccant application
times were studied by regression analysis, selecting the most
adequate models to represent them based on biological
behavior, significance of model coefficients and coeflicient of
determination (R?).

RESULTS AND D1SCUSSION

The joint analysis of variance of the characteristics
evaluated revealed significant effect only for the isolated factors
on emergence speed index. For the other variables, there were
significant interactions between desiccant application and time
of application.

Plant desiccation with the herbicide glyphosate at the times
1,2 and 3 was efficient at reducing seed moisture content (Table
1). Besides promoting the drying, desiccation causes benefits
such as uniform maturation and easy harvest, which reduces
the costs with drying and cleaning of seeds (Inoue et al., 2003).

Table 1. Moisture content (MC), germination (GER), first
count of germination (FCG), emergence speed index (ESI),
accelerated aging (AA) and electrical conductivity (EC)
of crambe seeds, with and without plant desiccation at
pre-harvest with glyphosate, at different application times

. Application Times cv

Desiccant 1 9 3 2 (%)
MC (%)

With 1198 9.7B 6.6 B 8.6A 9333

Without 41 A 20.6 A 12.8A 70A :
GER (%)

With 30A 33A 41 A 78 A 34.75

Without 7B 21 A 33A 20B :
FCG (%)

With 19A 31A 37A 77A 4187

Without 2A 12A 27 A 9B )

ESI

With 5A 5.4 A 8.6 A 126 A 32 54

Without 11A 2.8A 5.6 A 5.0B :
AA (%)

With 59 A 57 B 53B 66 B 9040

Without 38B 76 A 71A 77A '

EC (uScm™g’)
With 574.427 A 463.890 A 399.087 A 535.760 A 12,04
Without ~ 450.037B 427.053 A 483.910 A 448.673 A :

Means followed by the same letter in the column do not differ by F test at 0.05 significance
level; 1 - 88 days after sowing (DAS) - 45% of brown seeds; 2 - 93 DAS - 60% of brown
seeds; 3 - 98 DAS - 75% of brown seeds; 4 - 103 DAS - 90% of brown seeds
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At time 1, seeds harvested from desiccated plants already
had moisture contents (11.9%) compatible with the mechanical
harvest (Table 1). At the fourth application time (103 DAS),
the produced seeds showed moisture contents similar to those
of seeds from non-desiccated plants.

Germination (Table 1) was positively affected by plant
desiccation at the first application time (88 DAS), and the
values were statistically superior to those of the control (without
desiccation). At the times 2 and 3, there was no difference in
germination between treatments with the desiccant and the
control. However, plant desiccation at the time 4 positively
affected seed germination in comparison to the control, with
mean values of 78% (Table 1). It is worth highlighting that this
percentage is higher than the minimum percentage required
for production and commercialization of basic crambe seeds,
which is 60%, according to the ordinance n° 16, of January 25,
2013 (Brasil, 2013).

Desiccants have been used to uniformize maturation
and promote early harvest of seeds in various crops, such as
soybean (Daltro et al., 2010; Marcandalli et al., 2011; Toledo
et al., 2014), canola (Silva et al., 2011) and common beans
(Kappes et al., 2012; Franco et al., 2013). However, Daltro et
al. (2010) observed that glyphosate negatively interfered with
germination and initial development of soybean seedlings,
particularly hampering their roots due to the phytotoxic effect
caused by the desiccant.

As observed for germination, seed vigor evaluated by the
first count test was positively influenced by plant desiccation
at the fourth application time (Table 1). The first count of
germination is a simple test of vigor, performed simultaneously
to the germination test, and is based on the assumption that
more vigorous seeds germinate faster. Obtaining vigorous
seeds is fundamental because vigor level can affect crop
establishment, plant development and plantation uniformity
(Daltro et al., 2010).

The results of emergence speed index (Table 1) demonstrated
favorable effect of the desiccant at the fourth time of application
(103 DAS), showing values higher than those of the control.
Higher ESI values indicate that seeds originated from plants
desiccated at the fourth time emerged faster and more
uniformly, thus being more vigorous. For the other times,
there was no difference between desiccant application and
the control.

This practice promotes advantages such as reduction
of moisture, uniform maturation and preservation of seed
physiological quality, due to the lower exposure to inclement
weather and fluctuations of humidity, minimizing the
irreversible damages of the deterioration by moisture (Lacerda
et al.,, 2003, Kappes et al., 2009).

The desiccation of crambe plants favored seed germination
after accelerated aging at the first time of application (Table 1).
For the other times, seeds originated from non-desiccated plants
showed higher germination than seeds from desiccated plants.
Unlike the other tests, seeds from non-desiccated plants, even
after subjected to aging stress conditions, reached germination
above the minimum required for seed commercialization, as
previously described. These results suggest that the conditions
promoted by the test may have contributed to overcoming seed
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dormancy. Thus, West (1992) highlights that the accelerated
aging test has caused overcoming of seed dormancy in some
forage grasses.

Vigor tests, such as the accelerated aging, are employed
to evaluate the physiological quality of seeds when they are
subjected to specific conditions of stress.

Regarding the electrical conductivity (Table 1), seeds from
non-desiccated plants (control) at time 1 showed lower values
in comparison to seeds from desiccated plants. Lower values
of electrical conductivity correspond to the lower release of
exudates and indicate higher physiological potential (vigor)
and lower intensity of disorganization of cell membranes in
the seeds (Castro et al., 2016). There was no difference between
the treatments for the other times.

The behavior of seed moisture content as a function of
the times of plant desiccation with glyphosate is presented in
Figure 1A. The mean moisture content in the seeds after plant
desiccation was equal to 9.21%. Seeds with moisture content
higher than the ideal for harvest were incompatible with the
mechanical harvest, because they are more subject to severe
levels of mechanical damage by deformation.

For seeds produced in the absence of desiccation, the results
of moisture fitted to a decreasing linear regression equation,
and the reduction in moisture content was proportional to
harvest time, with value of 3.27% in the seeds from the last
harvest (Figure 1A). After physiological maturity, there is a
natural process of drying, which continues until the seeds
reach a point of equilibrium with the relative air humidity
(Marcos Filho, 2015).

Seed germination (Figure 1B) increased along the times
of desiccant application. Initially (time 1), the seeds showed
23% germination, which increased to 68% at the fourth time
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Figure 1. Moisture content (A) and germination (B) of
crambe (Crambe abyssinica Hoechst) seeds with and
without plant desiccation at pre-harvest with glyphosate,
at different times of application
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of application, meeting the minimum standard for production
and commercialization of crambe seeds, as previously reported.

In the absence of desiccation (Figure 1B), there was an
increase in the germination percentage of seeds from the first
harvest time (98 DAS), when maximum germination occurred
(31%), followed by a reduction (21%) in the last time (103
DAS). The low germination percentages observed in seeds from
non-desiccated plants can be associated with the non-uniform
maturation of the crambe crop, which leads to different degrees
of dormancy in the seeds along the harvests (Costa et al., 2011).
The results of vigor (Figure 2A) in the seeds from desiccated
plants, evaluated by the first count test, fitted to an increasing
linear regression equation.

Initially (time 1), the seeds led to a percentage of normal
seedlings of approximately 14% at the first count, reaching the
maximum value (68%) at the fourth time of application (Figure
2A). The desiccation practice to minimize problems of delay
in harvest has been reported in various crops, with advantages
such as the possibility of planning the harvest and reduction
in the damages caused by pests and fungi, which may attack
the crop at the end of the cycle (Daltro et al., 2010).

For seeds originated from non-desiccated plants, there
was a quadratic behavior along the harvest times (Figure 2A),
and the maximum percentage of normal seedlings at the first
count (21%) was recorded at 97 days. From this time on, the
values decreased, which can be associated with the post-harvest
dormancy of crambe seeds, as previously reported.

For the ESI (Figure 2B), there was no effect of treatments
with and without desiccation of crambe plants, at the different
times, and the highest mean of ESI (8.90) was observed at time 4.

The germination of seeds from desiccated plants after
the accelerated aging (Figure 3A) was not influenced by the

A With desiceation = ¥ = - 306.120000* + 3.640000*x B 087
__ Without desication =¥ = - 2398.80000 = 34.173333x - 0.280000 =*
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F=-34700400 + 0.423467*x B 0.08

U

EE = R = S =]
[ R B |

Emergence speed index

D T T 1
a2 83 o8 103

Times of application (days)

*Significant at 5% probability level by t-test
sNot significant at 5% probability level by t-test

Figure 2. First count of germination (A) and emergence
speed index - ESI (B) of crambe (Crambe abyssinica
Hoechst), with and without plant desiccation at pre-harvest
with glyphosate, at different times of application
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different times of glyphosate application, maintaining a mean
value of 58%. Toledo et al. (2014) observed that the germination
of soybean seeds, after accelerated aging, was reduced with the
desiccation of the plants at pre-harvest, due to the increase in
the percentage of abnormal seedlings.

Defining the desiccant application time is indispensable for
the efficiency of the product, because applications performed
far away from the period of seed physiological maturity or
under unfavorable conditions of climate, especially rainy
periods, can compromise seed quality (Santos et al., 2005).

For seeds produced by non-desiccated plants, the results of
germination after accelerated aging fitted to a quadratic model,
and maximum germination (79.23%) occurred in seeds from
the third harvest time. However, from this point on, there
was a reduction in the values, finishing with a germination of
74.03% at the fourth harvest time.

In the evaluation of electrical conductivity (Figure 3B), it
is possible to note that at the time 1 the seeds from desiccated
plants showed higher values than non-desiccated seeds. In
seeds without desiccation, there was no difference between
times, maintaining a mean value of 452.42 uS cm™ g™

It is important to point out that, although plant desiccation
at all times of application was efficient for seeds to reach
ideal moisture for harvest, in general, seeds with better
physiological quality were obtained only at the last time
(103 DAS), in comparison to the non-desiccated ones. At
103 DAS, desiccation with the herbicide glyphosate led to
a 290% increase in germination percentage in comparison
to the control (Figure 1B). These results suggest a possible
overcoming of the dormancy of seeds from desiccated plants,
but it becomes evident the need for further research because
there are no studies related to the application of desiccants in
the crambe crop.
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sNot significant at 5% probability level by t-test

Figure 3. Accelerated aging (A) and electrical conductivity
- EC (B) of crambe (Crambe abyssinica Hoechst) seeds,
with and without plant desiccation at pre-harvest with
glyphosate, at different times of application
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CONCLUSIONS

1. Desiccation of crambe plants at pre-harvest with
glyphosate proved to be efficient, positively affecting seed
germination and vigor.

2. Desiccant application in the plants, with 90% of brown
seeds, at 103 days after sowing, allows the production of seeds
with superior performance.
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