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CHEMICAL DESICCANTS FOR ANTICIPATION OF HARVEST AND
PHYSIOLOGICAL QUALITY OF COWPEA SEEDS'

ELIZETH REGINA RAISSE2, MIQUEIAS DE OLIVEIRA ASSIS**, EDUARDO FONTES ARAUJO?, FRANCISCO
CLAUDIO LOPES DE FREITAS?, ROBERTO FONTES ARAUJO*

ABSTRACT - Information about the effect of herbicides on cowpea seed quality is scarce. The objective of
this work was to evaluate the effect of using chemical desiccants at pre-harvest on the anticipation of harvest
and physiological quality of cowpea seeds of the cultivar BRS-Tumucumaque, before and after storage. Two
experiments were conducted: experiment 1 was conducted under a randomized block design, with four
replications; the treatments consisted of seven herbicides (carfentrazone-ethyl, saflufenacil, glyphosate,
paraquat, flumioxazin, glufosinate-ammonium, and diquat) and a control treatment; anticipation of harvest, and
seed water content, germination, and vigor were evaluated. The seeds were stored for six months in controlled
environment and not-controlled environment rooms and evaluated for water content, germination, and vigor in
Experiment 2, which was conducted in a 7x2+1 factorial arrangement, with four replications; the first factor
consisted of the seven herbicides, the second factor was the two storage environments, plus a control treatment.
The results showed 3 to 9 days of anticipation of harvest relative to the control. The glufosinate-ammonium
herbicide negatively affected seed germination and vigor. The glyphosate herbicide decreased seed germination
and vigor after storage. The physiological quality of cowpea seeds at the post-harvest period and after six
months of storage was not affected by the carfentrazone-ethyl and flumioxazin herbicides. Paraquat and diquat
were the most efficient herbicides for the anticipation of harvest (nine days). Glyphosate and glufosinate-
ammonium were the most harmful herbicides to seed physiological quality. The controlled environment room
was the most adequate environment for seed conservation.
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EFEITO DE DESSECANTES QUIMICOS NA ANTECIPACAO DA COLHEITA E QUALIDADE
FISIOLOGICA DE SEMENTES DE FEIJAO-CAUPI

RESUMO - Sio escassas as informagdes sobre o efeito de herbicidas sobre a qualidade sementes de feijao-
caupi. Objetivou-se avaliar o efeito de dessecantes quimicos na pré-colheita sobre a antecipagdo da colheita e
qualidade fisiologica das sementes de feijao-caupi Cv BRS Tumucumaque, antes e apos o armazenamento. No
experimento 1, adotou-se o delineamento de blocos casualizados, com quatro repeti¢des. Os tratamentos foram:
sete herbicidas (carfentrazone-ethyl, saflufenacil, glyphosate, paraquat, flumioxazin, amonio-glufosinate e
diquat) e um tratamento controle. Avaliou-se a antecipag@o de colheita, teor de dgua, germinagdo e vigor das
sementes. As sementes foram armazenadas por seis meses em sala climatizada e ambiente ndo controlado e
avaliadas quanto ao o teor de agua, germinagdo e vigor, compondo o experimento 2, que foi disposto em
esquema fatorial 7x2+1, com quatro repeti¢des. O primeiro fator correspondeu a sete herbicidas, o segundo a
dois ambientes de armazenamento, mais um tratamento controle. Observou-se um periodo de 3 a 9 dias de
antecipacgdo da colheita em relagdo a testemunha. O amoénio-glufosinate afeta negativamente a germinagdo e o
vigor das sementes. Apds o armazenamento, menor germina¢do e vigor foram observados para o herbicida
glyphosate. Os herbicidas carfentrazone-ethyl e flumioxazin ndo afetaram a qualidade fisioldgica das sementes
de feijao caupi nos periodos pos-colheita e seis meses apos o armazenamento. O paraquat e o diquat foram os
herbicidas mais eficientes na antecipagdo da colheita (nove dias). O glyphosate e o amonio-glufosinate foram
os herbicidas mais prejudiciais a qualidade fisiologica das sementes. A sala climatizada ¢ o ambiente mais
adequado para conservagdo das sementes.

Palavras-chave: Vigna unguiculata. Dessecagdo. Germinagdo. Vigor. Armazenamento.
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INTRODUCTION

Cowpea [Vigna unguiculata (L.) Walp] is a
legume species native to West and Central Africa
that was introduced to Brazil in the mid-16™ century.
Cowpea crops have been expanded to specialized
agricultural regions of the country, especially the
Central-West, where they started to be grown at
large scale in 2006 (FREIRE FILHO et al., 2017).
This expansion was due to the development of
varieties with early and uniform maturation cycles
for mechanized crop systems, and breeding for high
grain quality (ROCHA et al., 2017).

The expansion of the planting area and the
development of technologies for cowpea crops
increased the demand for high quality seeds, since it
is essential for a successful establishment of the crop
in different environmental conditions.

When intending to produce high-quality
seeds, the seeds should be harvested when they reach
the physiological maturity point, which is the stage
when they have maximum accumulation of dry
matter and the greatest physiological potential.
However, mechanized harvest is technically and
economically unviable because cowpea seeds present
approximately 54% water content at this point
(NOGUEIRA et al., 2014) and are not suitable for
mechanized harvesting because of the high number
of plants with green leaves and stems.

However, delaying the harvest may result in
decreased seed viability due to the prolonged
exposure of seeds to unfavorable edaphoclimatic
conditions and the incidence of pests and diseases.

The use of desiccant herbicides at pre-harvest
has been an important strategy to minimize the
deterioration of seeds in the field. This practice
enables the anticipation of harvest, facilitates the
mechanized harvest of seeds, and promotes
maturation uniformity for species with indeterminate
growth habit, without causing losses in seed yield,
germination, and vigor. Positive results of pre-
harvest desiccation were found for seeds of cowpea
(ASSIS et al., 2019), rice (HE et al., 2015), common
bean (MCNAUGHTON et al., 2015; TAVARES et
al., 2016), soybean (KAPPES et al., 2012; SANTOS
et al, 2018), and wheat (JASKULSKI,
JASKULSKA, 2014).

Paraquat has been the main herbicide used in
Brazil for desiccation of crops at pre-harvest
(LAMEGO et al., 2013). However, this molecule is
in process of discontinuity (BRASIL, 2017).
Therefore, studies using other molecules and focused
on recommendation of herbicides that enable the
anticipation of harvest without affecting seed quality

are important.

The available scientific literature includes
some works about the effect of herbicide application
at pre-harvest on the physiological quality of seeds
(ASSIS et al., 2019; HUBNER JUNIOR; TOLEDO,
2016). However, evaluations on the latent effect of
pre-harvest desiccation on the physiological quality
of seeds are still scarce.

In this context, the objective of this work was
to evaluate the effect of herbicides at pre-harvest on
the anticipation of harvest and physiological quality
of cowpea seeds before and after storage.

MATERIAL AND METHODS

Experiment 1

A field and a laboratory experiment were
conducted from January to May 2018. The seed were
sowed in areas under no-tillage system for seed
production on January 31, 2018, using a seeder
tractor set to distribute 10 seeds per meter to a depth
of 3 to 4 cm. Each experimental unit (plot) consisted
of five 5-meter rows spaced 0.5 m apart. The
evaluation area consisted of the three central rows,
discarding 0.5 m from each end. Soil fertilization at
planting was based on soil chemical analysis, using
150 kg ha™ of the N-P-K formulation 8:28:16. The
cowpea seeds used were from the cultivar BRS-
Tumucumaque, which have early-maturation cycle
and semi-erect growth habit (OLIVEIRA et al,
2014).

The rainfall depths, mean, maximum, and
minimum air temperatures, and relative air humidity
during the field experiment are presented in Figure 1;
the mean relative air humidity was 83.5%.

The herbicides were applied when 55% of the
plant pods were at the physiological maturity stage
(R4), using a COj-pressurized backpack sprayer
equipped with four flat-jet nozzles (XR 110-02;
Teejet®, Wheaton, USA) spaced 0.5 m apart. The
solutions were applied with a pressure of 200 kPa,
volume of 220 L ha™', between 08:00h and 09:00h;
the climatic conditions were monitored using a
portable digital thermo-hygro-anemometer, which
showed mean air temperature, relative air humidity,
and wind speed of 24.4 °C, 62.5%, and 4 km h',
respectively.

A randomized block design was used, with
four replications. The treatments consisted of seven
herbicides (Table 1) and a control treatment with no
herbicide application.
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Figure 1. Daily rainfall depths, mean, maximum, and minimum air temperature, and relative air humidity throughout the
field experiment. Vigosa, MG, Brazil, 2018. Source: INMET (2018).

Table 1. Herbicides and rates used.

Active ingredient Commercial product Commercial Active .ingredient (a.i.)/acid
product rate equivalent (a.e.) rate

Carfentrazone-ethyl Aurora® 125 mL ha' #50.0 g a.i. ha!

Flumioxazin Flumyzin500® 50 g ha'! #25.0 g a.i. ha!
Saflufenacil Heat® 125 g ha™! 87.5g a.i. ha'!

Glyphosate Roundup original® 4L ha 1480 g. a.c. ha™

Paraquat Gramoxone® 2Lha 400.0 g a.i. ha™!

Diquat Reglone® 2Lha 400.0 g a.i. ha™!

Glufosinate-ammonium Finale® 2 Lha' #%400.0 g a.i. ha™'

*#0.5% (v v'), and **0.2% (v v") of mineral oil were added to the solution.

The seed water content was monitored within
three days after the application of the herbicides;
plants were collected randomly in the field and taken
to the laboratory where the pods were manually
threshed; then, the seeds were dried in an oven at
10543 °C for 24 hours to determine their water
content (BRASIL, 2009). The plants were manually
harvested by pluck them when the seeds reached
water content of approximately 18%.

The time of anticipation of harvest was
determined by the number of days between the
herbicide application and the harvest, considering the
time the plants in the treatment without desiccant
application (control) were suitable for harvesting.

The seeds were then taken to the laboratory
for the following evaluations:

Germination test: four replications of 50 seeds
were used; the seeds were germinated in paper rolls
(Germitest) moistened with distilled water (2.5-fold
the weight of the paper roll). The paper rolls were
placed in plastic bags and maintained in a BOD
chamber at constant temperature (30 °C). The normal
seedlings were counting after eighth days, and the

results were expressed as percentages of normal
seedlings (BRASIL, 2009).

First germination counting: conducted
together with the germination test by evaluating the
number of normal seedlings after five days; the
results were expressed as percentages of normal
seedlings (BRASIL, 2009).

Seedling emergence: evaluated in a seedling
growth room using four replications of 50 seeds,
which were sown to a depth of 3 cm in expanded
polystyrene trays containing washed sterilized sand.
The plants were irrigated when needed, using
sprayers. The emerged seedlings were counted at 8
days after sowing. The seedlings that presented
totally expanded cotyledons above the substrate were
accounted. The results were expressed as
percentages.

Emergence speed index: evaluated together
with the emergence test, by daily counting of
emerged seedlings (totally expanded cotyledons
above the substrate) up to the stabilization of the
emergence. The emergence speed index of the
seedlings was calculated according to Maguire
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(1962).

Accelerated aging: evaluated using four
replications of 50 seeds, which were distributed in a
single layer on a stainless-steel screen, and placed in
plastic boxes (Gerbox), containing 40 mL of distilled
water. The seeds were maintained in a BOD chamber
at constant temperature (42 °C) for 48 hours
(DUTRA; TEOFILO, 2007). The seeds were
evaluated by germination test, with evaluation of
normal seedlings at S5 days after the test
implementation. The germination test was conducted
as previously described.

Electrical conductivity: evaluated using four
replications of 50 seeds, which were weighed,
subjected to imbibition in a container containing 75
mL of water deionized, and maintained in a
germinator at constant temperature (25 °C) for 24
hours (DUTRA et al., 2006). The -electrical
conductivity of the seed imbibition solution was then
read using a digital conductivity meter; the results
were expressed as puS cm’ g"l.

The data were evaluated for normality

(Shapiro-Wilk test) and homogeneity of variance
(Oneill and Mathews test) at p<0.05 and, then,
subjected to analysis of variance. The means were
compared by the Scott-Knott test (»<0.05), and the
control treatment was compared to the other
treatments by the Dunnett's test (p<0.05).

Experiment 2

Experiment 2 was conducted after experiment
1; the seeds were placed in permeable Kraft paper
bags with capacity for 1 kg and stored for six months
(May to November 2018), under two environments:
controlled environment room, with mean
temperature of 20 °C and relative humidity of
approximately 55%, and not-controlled environment,
with temperature and relative air humidity varying
during the storage period (Figure 2). The water
content, germination, and vigor (first germination
count, seedling emergence, accelerated aging, and
electrical conductivity) of seeds were determined
after the storage period.

—-—-T°Caverage ----T°CMax  ------- T °C Mini Average ambient humidity (%)
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Figure 2. Daily mean, maximum, and minimum air temperature, and relative air humidity throughout the storage period of
cowpea seeds (BRS-Tumucumaque) in the not-controlled environment.

A randomized block design was used, with
four replications. The treatments were arranged in a
7x2+1 factorial arrangement: the first factor
consisted of seven herbicides (Table 1), plus a
control without herbicides application, and the
second factor consisted of two storage environments
(controlled  environment, and  not-controlled
environment). The data were evaluated for normality
(Shapiro-Wilk test) and homogeneity of variance
(Oneill and Mathews test) at p<0.05 and, then,
subjected to analysis of variance. When the
interaction  between herbicides and storage
environments was significant (p<0.05), the means

were compared by the Scott-Knott test (p<0.05), and
the control treatment was compared to the other
treatments by the Dunnett's test (p<0.05).

RESULTS AND DISCUSSION

Experiment 1

The use of pre-harvest desiccation enables the
anticipation of harvest of cowpea seeds. The
chemical desiccation of the plants decreased the seed
water content to suitable levels for mechanized
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harvest (18%) at 3 to 9 days before the harvest of the
control treatment (Table 2). The longest time (9
days) of anticipation of harvest was found for the
treatments with paraquat and diquat. Flumioxazin,
saflufenacil, and glufosinate-ammonium herbicides

anticipated the harvest in 6 days. The shortest time
of anticipation of harvest was found for the
glyphosate and carfentrazone-ethyl herbicides
(3 days).

Table 2. Seed water content at harvest and time of anticipation of harvest resulted from application of desiccants for

cowpea plants (BRS-Tumucumaque) relative to the control.

Herbicides Water content (%) Anticipation of harvest (days)
Carfentrazone-ethyl 15.6 3
Flumioxazin 18.0 6
Saflufenacil 17.0 6
Glyphosate 17.5 3
Paraquat 17.8 9
Diquat 17.6 9
Glufosinate-ammonium 18.0 6
Control 16.5 0

Anticipation of harvest is essential for
production of seeds. The early removal of seeds from
the field minimizes risks of exposing them to
unfavorable biotic and abiotic factors, and ensures
the harvest of seeds with high physiological potential
(TERASAWA et al., 2009). However, anticipating
the harvest may hinder the performance of seeds due
to their maturation, since they may not be fully
formed and have low dry matter accumulation
(PELUZIO et al., 2008). This can result in low-vigor
seeds, because an incomplete seed formation may
increase their sensitivity to deterioration (MARCOS
FILHO, 2015).

Assis et al. (2019) found that pre-harvest
desiccation anticipates the harvest of cowpea seeds
in up to 13 days. Lacerda et al. (2001) found
anticipation of up to seven days in the harvest of
soybean seeds after desiccation, without change the
production. Domingos et al. (1997) found that the
application of herbicides anticipated the harvest of
common bean seeds of the cultivar Carioca in up to
13 days.

The times of anticipation of harvest after
application of herbicides may be different from one
region to another. Longer times of anticipation of
harvest can be found for regions with milder climate
when compared to regions of with high mean
temperatures where the natural drying of plants is
faster, making the anticipation of harvest less
pronounced (LACERDA et al., 2001).

The time of anticipation resulted from the use
of the herbicides varied according to mode of action
of each herbicide (Table 2). The herbicides paraquat
and diquat presented longer time of anticipation of
harvest (9 days) relative to the control. These
herbicides are non-selective (contact) herbicides,
with low translocation in the plant; they are

photosystem I inhibitors and, when absorbed, work
as false acceptors, deflecting the electron flow. This
interruption paralyzes the reduction of ferredoxin
and the subsequent reactions. The phytotoxicity
symptoms are rapidly shown (2 hours after
application), and the plant may be dead within two
days (OLIVEIRA JUNIOR, 2011).

Although similar to paraquat and diquat, the
evolution of the symptoms caused by Protox
inhibitor herbicides (carfentrazone-ethyl,
flumioxazin, and saflufenacil) are slower (HESS,
2000). This probably decreased the time of
anticipation of harvest of these herbicides when
compared to paraquat and diquat. The mechanism of
action of these herbicides consists of inhibiting the
metabolic route of the protoporphyrinogen oxidase
enzyme (Protox) synthesis, which indirectly affects
chlorophyll synthesis (TORRES et al., 2012).

The glyphosate herbicide enabled the
anticipation of harvest in up to 3 days; however, it is
a systemic herbicide that requires up to six hours to
be absorbed (MARTINI et al, 2003). After
absorbed, its translocation to other plant organs
occurs after approximately five days (FERREIRA et
al., 2006). The development of the symptoms is
usually slow, with gradual emergence of chlorosis
and necrosis. Susceptible plants may be dead at 7 to
30 days after herbicide application, depending on the
plant species and development stage and herbicide
rate applied (SILVA et al., 2007).

The quality of seeds produced may be
benefited, despite the anticipation of harvest of only
3 days, mainly when there is a risk of occurrence of
rainfall before the harvest or attack of pests or
microorganisms.

The results of all variables considered to
evaluate the physiological quality of cowpea seeds
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from desiccated plants at pre-harvest decreased,
relative to the control, when using glufosinate-
ammonium. (Table 3). Lacerda et al. (2003) and
Guimaraes et al. (2012) also found that the use of
glufosinate-ammonium for the desiccation of
soybean plants affected negatively the quality of
seeds relative to the control.

The glufosinate-ammonium herbicide has
easier translocation than paraquat, despite it is a

contact herbicide (LACERDA et al., 2005), which
may have resulted in more significant decreases in
seed physiological quality.  According to
McNaughton et al. (2015), the application of
glufosinate-ammonium herbicide at pre-harvest is
not recommended because residues of the herbicide
may be found on beans. However, Assis et al. (2019)
found no negative effect of this desiccant herbicide
on cowpea seed quality after pre-harvest desiccation.

Table 3. Germination (GE), first germination counting (FGC), emergence (EM), emergence speed index (ESI), accelerated
aging (AA), and electrical conductivity (EC) of cowpea seeds (BRS-Tumucumaque) from of plants subjected to pre-harvest

herbicides application.

Herbicides GE (%) FGC (%) EM (%) ESI AA (%) (“Scfng o

Carfentrazone-ethyl 87.0 A 86.0 A* 86.0 A 93A 71.0 A 1293 A
Flumioxazin 81.0 A 74.0 B 89.5 A 9.5A 78.0 A 1215 A
Saflufenacil 78.0 A 76.0 B 875 A 93 A 76.0 A 119.0 A
Glyphosate 70.5 B* 70.5 C* 73.0 B* 9.0 A 68.0 A 136.0 B*
Paraquat 89.0 A 87.0 A* 86.0 A 93 A 72.0 A 134.4 B*
Diquat 81.0A 79.0 B* 86.5 A 9.0 A 38.5C* 126.0 A
Glufosinate-ammonium 67.0 B* 62.0 C* 74.5 B* 7.7 B* 57.0 B* 147.3 B*

Control 82.0 80.0 90.0 10.0 82.0 120.0

CV (%) 8.26 7.61 8.03 7.74 14.82 8.94

*different from the control treatment by the Dunnett's test (p<0.05). Means followed by the same letter in the columns are

not different by the Scott-Knott test (p<0.05).

The glyphosate herbicide negatively affected
the germination (GE), first germination counting
(FGC), emergence (EM), and electrical conductivity
(EC) of cowpea seeds, relative to the control. Zuffo
et al. (2019), Toledo et al. (2014), Marcandalli et al.
(2011), and Daltro et al. (2010) found losses in
soybean seed quality after pre-harvest desiccation
with glyphosate herbicide due to its systematicity
which, combined with the uneven maturation of the
cultivar, may have caused the translocation of the
herbicide to seeds still in formation, negatively
affecting the seed quality (MARCANDALLI et al.,
2011).

Zhang et al. (2016) reported that the seed
water content at the time of application can affect the
translocation of glyphosate to the seeds.

The wuse of the carfentrazone-ethyl,
flumioxazin, saflufenacil, diquat, and paraquat
resulted in higher GE and EM than the use of
glyphosate and glufosinate-ammonium (Table 3).
Guimardes et al. (2012) found similar results for
soybean seeds from plants of the cultivar BRS-184
desiccated with glyphosate and glufosinate-
ammonium, which presented lower germination than
those desiccated using paraquat. The glyphosate and
glufosinate-ammonium herbicides may have been
absorbed, since they were sprayed directly on the
pods, which, in cowpea plants of the cultivar BRS-

Tumucuma, are located above the leaves. Despite
glufosinate-ammonium is classified as a contact
herbicide, it has better translocation inside the plant
than paraquat (LACERDA et al., 2005).

The results of the seed germination test for
plants  desiccated  with  carfentrazone-ethyl,
flumioxazin, saflufenacil, diquat, and paraquat
herbicides were above the minimum (80%) required
to market the product as seeds (BRASIL, 2013).

Regarding the vigor of the seeds, the results
for FGC showed that the pre-harvest desiccation
with carfentrazone-ethyl and paraquat resulted in
more vigorous seeds than the other treatments.
Intermediate vigor was found for flumioxazin,
saflufenacil, and diquat, and low vigor was found for
glyphosate and glufosinate-ammonium (Table 3).

Lower emergence speed index (ESI) was
found for seeds from plants desiccated with
glufosinate-ammonium when compared to the other
herbicides, which presented similar results to each
other (Table 3).

The accelerated aging (AA) test showed that
the desiccation with diquat resulted in the lowest
seed vigor, followed by glufosinate-ammonium; the
other treatments presented no significant differences
from each other (Table 3).

The EC test showed that glufosinate-
ammonium, paraquat, and glyphosate presented
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higher leaching of exudates. The EC found for the
other  herbicides varied from 119.0 to
129.3 uSem™ g, but were not significantly different
(Table 3).

According to Botelho et al. (2016), pre-
harvest desiccation can affect the seed vigor
probably because of the effect of herbicides on the
integrity of seed cell membranes, affecting the solute
release rate, which is indirectly detected by the
electrical conductivity test. This decreases the
capacity of reorganization of membranes, resulting
in a higher loss of solutes to the environment and in
seeds with lower uniformity and germination speed
and stimulating the development of pathogenic
microorganisms (MARCOS FILHO, 2015).

Experiment 2

The water content of cowpea seeds presented
no significant differences after six months of storage,
varying from 11% to 12%.

The interaction between herbicides and
storage environments was not significant. Despite

the experiment had been conducted in different
environments, the mean temperatures of the
controlled environment (20 °C) and not-controlled
environment (22.1 °C) rooms (Figure 2) were
similar, which is probably related to the non-
significance of the herbicide-storage environment
interaction for seed quality.

Glyphosate was the most harmful herbicide to
the physiological quality of cowpea seeds after their
storage, resulting in lower seed quality relative to the
control, except for EC, which showed no differences
between herbicides (Table 4). Daltro et al. (2010)
reported that the negative action of glyphosate on the
physiological potential of seeds is clear, mainly for
cultivars that have no resistance to this product.

Negative effects were also found for the
diquat herbicide, which presented lower results than
the control treatment for the variables GE, FGC,
EM, and AA (Table 4). In addition, Botelho et al.
2016 found that the physiological quality of soybean
seeds after six months of storage decreased because
of the use of diquat for pre-harvest desiccation.

Table 4. Germination (GE), first germination counting (FGC), emergence (EM), emergence speed index (ESI), and
accelerated aging (AA), and electrical conductivity (EC) of cowpea seeds from plants of the cultivar BRS-Tumucumaque
subjected to application of herbicides at pre-harvest, after six months of storage.

.. GE FGC EM AA EC
Herbicides (%) (%) (%) ESI (%) (pScm’l g'l)

Carfentrazone-ethyl 82.5A 81.0 A 86.0 B 9.9 A* 81.5A 120.0 A
Flumioxazin 82.0 A 81.0 A 90.0 A* 10.5 A* 78.0 A 1150 A
Saflufenacil 70.0 B* 69.0 B* 88.0 A* 104 A* 74 B* 122.0 A
Glyphosate 62.0 B* 61.0 B* 77.0 C* 8.5C* 59.0 C* 123.0 A
Paraquat 78.0 A 77.0 A 92.0 A* 10.8 A* 80 A 1305 A
Diquat 69.0 B* 65.0 B* 80.0 C* 92B 71.0 B* 128.0 A
Glufosinate- ammonium 69.0 B* 64.0 B* 85.0 B 9.7B 71.0 B* 126.0 A

Control 81.0 78.0 84.0 9.5 82.0 120.0

CV (%) 10.9 12.05 6.98 7.43 10.6 7.87

*different from the control treatment by the Dunnett's test (p<0.05). Means followed by the same letter in the columns are

not different by the Scott-Knott test (»<0.05).

The glufosinate-ammonium and saflufenacil
herbicides negatively affected the GE, FGC, and AA
of the treatments, when compared to the control.
Despite these negative results, the treatment with
saflufenacil presented higher EM and ESI than the
control (Table 4).

Tavares et al. (2016) evaluated the effect of
different herbicides applied at pre-harvest on seed
quality of adzuki bean (Vigna angularis) and found
negative effects of glyphosate and glufosinate-
ammonium on seed germination and vigor after six
months of storage. These herbicides may have been
translocated to seeds still in formation, since they
were sprayed directly on the pods, which are located
above the leaves, negatively affecting their quality.

Positive results were found for the use of
carfentrazone-ethyl, flumioxazin, and paraquat when
compared to the control treatment (Table 4). These

herbicides did not affect the physiological potential
of the seeds after six months of storage, and some
variables showed better results than those of the
control. Tavares et al. (2016) found that paraquat and
flumioxazin had no effect on the physiological
quality of azuki bean seeds after six months of
storage. However, Santos et al. (2005) reported that
the use of carfentrazone-ethyl as desiccant at pre-
harvest of common bean seeds compromises the
physiological potential of stored seeds.

Regarding the effect of the herbicides on the
physiological potential of the cowpea seeds, the
herbicides carfentrazone-ethyl, flumioxazin, and
paraquat resulted in higher seed germination and
vigor than the other herbicides. The use of the
herbicides saflufenacil, diquat, and glufosinate-
ammonium resulted in seeds with intermediate
physiological potential. The results of some variables
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for the glyphosate herbicide were lower than those
found for the other herbicides used (Table 4).

The effect of the storage environments on the
quality of seeds were significant for EM, ESI, and
EC (Table 5). The storage of seeds in the cold
controlled environment room resulted in higher
seedling emergence percentages and emergence
speed index than the storage in the not-controlled
environment room; and a lower release of exudates
was found for seeds stored in the not-controlled

environment. Marcos Filho and Vieira (2009)
reported that the results of this test can be affected
by several factors and require careful monitoring to
assure consistency. These factors include water
content, genotype, size, and physical condition of
seeds, water volume and dimensions of containers
used for imbibition, water quality, precision of the
conductivity meter, sample size, imbibition time,
temperature  during imbibition, and reading
procedures.

Table 5. Germination (GE), first germination counting (FGC), emergence (EM), emergence speed index (ESI), and
accelerated aging (AA), and electrical conductivity (EC) of cowpea seeds of the cultivar BRS-Tumucumaque after six
months of storage under controlled and not-controlled environment rooms.

Storage GE FGC EM ESI AA EC
environment (%) (%) (%) (%) (uScm'g™)
Controlled 76.0 A 73.0 A 91.0 A 103 A 73.0 A 128.5B
Not-controlled 72.0 A 71.0 A 79.0 B 93B 76.0 A 1173 A

Means followed by the same letter in the columns are not different by the Scott-Knott test (p<0.05).

CONCLUSIONS

The physiological quality of cowpea seeds of
the cultivar BRS-Tumucumaque at post-harvest
period and after six months of storage was not
affected by the carfentrazone-ethyl and flumioxazin
herbicides.

Paraquat and diquat were the most efficient
herbicides for the anticipation of harvest (9 days) of
cowpea seeds.

Glyphosate and glufosinate-ammonium were
the most harmful herbicides to the physiological
quality of cowpea seeds.

The controlled environment room was the
most adequate environment for conservation of
cowpea seeds.
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