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ABSTRACT - Some desiccation techniques for harvesting wheat may affect seed quality. The objective of this study was to evaluate
the effect of different desiccant herbicides applied to the wheat crop and their effects on the production and seed quality. The experiment
was conducted with cultivar COODETEC 150 (CD 150) in two sites in Palotina (Parana state, Brazil) with a randomized block
design consisting of 7 treatments (desiccation herbicides) and 4 replications. Desiccation was realized when 50% of the plants were in
stage 80 with seeds in powdery or mass consistency. The variables analyzed were percentage of moisture content after harvest, Yield,
hectoliter weight, mass of 100 seeds, vigor, germination, fresh mass of seedlings, dry mass of seedlings and root length. The herbicides
carfentrazone-ethyl and clethodim were the ones that promoted greatest reduction in vigor. The herbicide paraquat caused reduction in
seedling length. There was a reduction in the mass of 100 seeds for glufosinate-ammonium, clethodim, diquat and carfentrazone-ethyl.
Glufosinate-ammonium, paraquat, glyphosate, clethodim and diquat caused reduction in yield. Desiccation of Cultivar CD 150 at stage
80 is not recommended, since plant Yield and physiological seed parameters were adversely affected by herbicides.

Index terms: chemical desiccation, management, germination, vigor, seedlings.

Produtividade e qualidade fisiologica das sementes de trigo apds dessecacao
com diferentes herbicidas

RESUMO - Algumas técnicas de manejo da cultura do trigo, como a dessecagao pré-colheita podem afetar a produtividade e a qualidade
fisiolégica das sementes. O objetivo deste estudo foi avaliar o efeito de diferentes herbicidas dessecantes aplicados na cultura do trigo
e seus efeitos sobre a produtividade e a qualidade das sementes. O experimento foi conduzido com a cultivar COODETEC 150
(CD 150), em dois ambientes de produgdo localizados no Municipio de Palotina - PR, sob o delineamento experimental de blocos
casualisados, constituido de 7 tratamentos (herbicidas na dessecagio) com 4 repeti¢des. A dessecagao foi realizada quando 50% das
plantas apresentavam-se no estadio 80 com as sementes de consisténcia farindcea ou de massa. As variaveis analisadas foram umidade
apos a colheita, produtividade de sementes, peso hectolitro, massa de 100 sementes, germinagao e vigor. Os herbicidas carfentrazone-
ethyl e clethodim reduziram o vigor das sementes produzidas, e o herbicida paraquat reduziu o comprimento de plantulas. Ocorreu
redugdo na massa de 100 sementes para o amonio — glufosinate, clethodim, diquat e carfentrazone-ethyl. O aménio — glufosinate,
paraquat, glyphosate, clethodim e diquat reduziram a produtividade. A dessecagdo de plantas da cultivar CD 150 no estadio 80 ndo ¢é
recomendada, em decorréncias dos efeitos negativos dos herbicidas nos parametros produtivos e fisiologicos das sementes de trigo.

Termos para indexag@o: dessecacdo quimica, manejo, germinagao, vigor, plantulas.
Introduction Greek and Egyptian civilizations, thus having a major role

in world nutrition (EMBRAPA, 2014). Nowadays, wheat
Wheat (Triticum aestivum L.) is a plant from Southeast  occupies the second worldwide position in cereal production,

Asia, which formed the basis of the diet of ancient Persian, 750 million tons; some of the major wheat producers are in
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Asia, especially China, with 108 million tons, and India,
with 75 million tons (FAO, 2016). Brazil produces 5,8
million tons of wheat (CONAB, 2016), with consumption of
approximately 11,5 million tons (USDA, 2017). The major
Brazilian producers are regions South, Southeast and Central-
West, especially Parana (PR) state (in the South region) as the
major wheat producer, with approximately 3,5 million tons,
which is mostly due to weather conditions favorable to the
cultivation of this cereal (Brasil, 2016).

The end product’s final quality is related to handling
during cultivation, including the practice of pre-crop
desiccation; the moment chosen for application as well as the
product applied may compromise productive parameters, and
the physiological potential of seeds. According to Whigham
and Stoller (1979), untimely desiccation, that is, before
physiological maturation, may entail loss in Yield.

Physiological maturity occurs when there is a change in the
relation between plant and seeds, that is, seeds stop receiving
nutrients and photo-assimilated compounds, and this coincides
with their moment of maximum physiological potential
(Marcos-Filho, 2015). However, the point of physiological
maturity is not necessarily the moment for cropping, since
during this stage there is still a high degree of moisture content,
approximately 40%, which either poses problems or hinders
harvesting (Carvalho and Nakagawa, 2012).

Wheat grains harvest must be done when seeds have reached
13% moisture content. However, this is not always possible,
especially due to factors such as rains, and there occasionally may
be need for earlier harvesting (EMBRAPA, 2014). One of the
alternatives for harvest advancement and uniformity is chemical
pre-harvest crop desiccation. Besides allowing for harvest
advancement and planning, the use of desiccant herbicides
guarantees higher efficiency during harvest, and higher control
of weeds that may linger in the system (Marcos-Filho, 2015).

According to Lacerda et al. (2003), positive results
are obtained with the use of desiccants, such as moisture
content reduction and preservation of seed properties (a most
important issue in wheat cultivation), since the rains of the
next harvest season may drastically reduce the quantity of
seeds. Some factors must be heeded when employing this pre-
harvest practice, such as the mode of action of the herbicide
to be used, environmental conditions at the moment of
application, phenology and possible effects of desiccant use
to end-product (Lacerda et al., 2005).

Factors such as the active principle of the herbicide,
dosage and time of application must be very well set prior
to desiccation, since the use of herbicides shortly before
the period of physiological maturity of the plant may entail
loss in Yield, and damage the quality of the seeds (Lacerda

et al., 2005). This work’s hypothesis is that some herbicides
used in wheat desiccation affect its productive performance,
as well as the seeds’ physiological quality, which shows the
need of recommendation for the use of these herbicides in the
production of seeds, and even their commercialization.

The goal of the present study is thus to evaluate wheat
desiccation with different herbicides, so as to assess their effects
on Yield of seeds and on their physiological quality.

Material and Methods

Experiments were conducted at the second harvest
2013/14 (Winter, 2014), in field, at the Western region of
Parand (PR), in two locations. The first experiment was
conducted in Palotina-PR (Site 1): S 24° 20° 01, O 53°
53709, 337 meters height. The second experiment was also
conducted in Palotina-PR, but in a different production site
(Site 2): S 24° 15° 16, O 53° 55°43”, 341 meters height.
The region has Cfa climate (mesothermal humid subtropical)
according to Kdppen’s classification.

The soil was classified as eutrudox Red Latosol, typical in
both areas (EMBRAPA, 2013). A chemical and physical analysis
of'the soil was undertaken before the installation of the cultivation,
in 0.00 — 0.20 m, which yielded the following features: Site 1 -pH
(CaCl,) = 5.6; Al = 0.0 cmol .dm”, H+Al =4.01 cmol .dm™, C =
22.12 g.dm?; P (Mehlich) = 5.22 mg.dm™; K = 0.66 cmol .dm™;
Ca = 7.53 cmol .dm™; Mg = 3.68 cmol .dm?; S = 6.53 mg.dm?;
CTC = 14.87 crnolc.dm‘3 e V = 65.25%. Lime, sand and silt
total contents were, respectively, 66, 20 and 14%. Site 2 -pH
(CaCl,)) = 5.5; Al = 0.0 cmol _dm?, H+A1=6.01 cmol_ dm?, C
=24.78 g dm”; P (Mehlich) = 6.41 mg dm™; K = 0.81 cmol_
dm?; Ca = 5.63 cmol dm; Mg = 2.48 cmol_ dm”; S = 4.37
mg.dm?; CTC = 14.93 cmol dm™ e V = 60 %. Lime, sand and
silt total contents were, respectively, 67, 23 and 10%.

Rainfall data and average temperatures were collected
daily, allowing the meteorological representation of both sites
(Site 1 in Figure 1, and Site 2 in Figure 2).

For wheat cultivation, CD 150 was used, which presents
high productive potential; it was sowed on May 15, 2014, with
density of 300 seeds per m?, with fertilizing base of 309kg ha'!
and 10-15-15 NPK formulation. For weed control, metsulfuron-
methyl was applied (3 g a.i. ha') + 2,4-D (1005 g a.e.ha™) in
pre-tillering stage. Two insecticide applications were made; the
first used lufenuron (5 g a.i. ha'), and the second, methomyl (279
g a.i ha'). Two applications with fungicides were made, the first
with azoxystrobin + cyproconazole (60 +24 g a.i. ha') at booting
stage, and the second with pyraclostrobin + epoxiconazole (26,6
+ 10 g a.i. ha), 20 days after the first application.

Randomized block design was applied, with four
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Figure 1. Rainfall and average temperatures during Winter 2014.
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Figure 2. Rainfall and average temperatures during Winter 2014.

replications. Seven desiccation treatments were used: control
group (no desiccant application), glufosinate-ammonium
(500g a.i (active ingredient) ha’', paraquat (400g a.i. ha'),
glyphosate (1200 g.a.e. (acid equivalent) ha'), clethodim
(120g a.i. ha'), diquat (400g a.i. ha™') and carfentrazone-ethyl
160g a.i. ha!); the action mechanisms of these herbicides were,
respectively: glutamine synthetase inhibitor, photo-system 1
inhibitor, EPSPs inhibitors, ACCase inhibitors, photo-system
2 inhibitors, and PROTOX in inhibitors. Desiccation was
realized when 50% of the plants were in stage 80 with seeds
in powdery or mass consistency (Zadoks et al., 1974).

For herbicide application, a CO, propelled sprayer
backpack was used, with the following features: constant
pressure (29 psi), flow 0.65 L.min."!, equipped with a wand
containing six Teejet XR 110.02 spray tips, that, working at
50 cm high from target and with a speed of 1 m.s !, reached
an extension of 50 cm width, providing spray volume of

200 L.ha'. Meteorological conditions at the moment of
application were the following for Site 1: relative humidity:
63%, wind speed: 1.2 km.h"'; temperature: 24 °C. They were
the following for Site 2: relative humidity 66%; wind speed
2.2 km.h''; temperature: 21 °C.

Experimental plots were made of 18 lines of 5 meters length
(0.17 m spacing among lines). For the evaluations, an area of 6.8
m?, was used, of which only the 10 central lines were considered,
disregarding 0.5 m in each extremity of the lines (borders).

Harvest was realized 15 days after desiccation treatments;
all replications were maintained separate for the realization of
seed-quality evaluation. The variables analyzed were: seed
moisture content after harvest, Yield, hectoliter weight, mass
of 100 seeds, vigor, first count of the germination test, fresh
mass of seedlings, dry mass of seedlings and root length.

For the determination of Yield, the plot’s useful area
was harvested, the wheat cobs threshed in an experimental
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threshing machine, and the seeds weighted; after this, the
seeds were sampled for the determination of moist content
for each portion; at last, they were stored in paper bags. Yield
was measured from harvest of the useful plot area, correcting
moisture by 13% and converting it to Kg.ha'. The mass of
100 seeds was obtained from counting eight samples with
100 seeds each; the results were expressed in grams. For
the determination of moisture content and hectoliter weight,
expressed in Kilogram per hectoliter (Kg.hL"), the method
described in Brasil (2009) was followed.

Germination test was conducted with eight replications
of 50 seeds, under temperature of 20 °C, using a roll-shaped
paper towel substrate, moisturized with distilled water, in the
ratio of 2.5 the mass of the dry paper. Evaluation of normal
seedlings in the first count was done after 4 days; germination
was evaluated eight days after seeding (Brasil, 2009).

For the evaluation of seedlings’ dry mass and root length,
the same procedures were followed as for germination,
measurements being made in the date equivalent to the first
count. 25 normal seedlings were weighted without the remnants
of the reserve tissues; root length was measured, and then the
seedlings were conditioned in paper bags and taken to the
greenhouse, with forced air circulation at 65 °C until constant
weight was reached; only then was their dry mass weighted.
The results were expressed in cm and grams per seedling.

The data were analyzed according to Pimentel-Gomes
and Garcia (2002), and submitted to analysis of variance;
when F values were significant (p<0.05), joint data analysis
was conducted for both sites, with comparison of means by
Tukey’s test (p<0.05).

Results and Discussion

A significant difference was observed between both
cultivation sites for moisture content of the seeds (Table 1),
Site 1 seeds presented smaller moisture content than Site 2
seeds. Herbicides also influenced moisture content, especially
ghyphosate, which resulted in the smallest moisture content
in post-harvest seeds for both sites, differing from the other
treatments (Table 1). Possibly, the smallest moisture content
resulting from desiccation with glyphosate was related to its
mode of action on the plant, inhibiting EPSP enzymes, which
compromises the biosynthesis of vital amino acids, resulting
in structural alterations and irreversible cell damage, such
as partial rupture of the chloroplast, and rough endoplasmic
reticulum water loss (Menezes et al., 2004).

Higher moisture content for both sites was obtained
with the application of clethodim, with values very close to
those found in non-desiccated samples. Carfentrazone also
presented high moisture levels. The data verified with the
application of carfentrazone corroborate Marchiori Jr. et al.
(2002), who also observed that the utilization of this herbicide
results in higher moisture of the seeds when compared to
the other treatments and the control samples; the same was
verified for paraquat used in canola (Albrecht et al., 2013).

According to Posner and Hibbs (1999), seed moisture
defines the appropriate temperature and time for drying, and
their conditioning for storage or industrial grinding processes,
i.e. high moisture content in seeds implies higher amounts
of time and energy in the drying phase, and, if this stage is
not conducted properly, the remnant moisture may cause
fermentation, which alters negatively the quality of wheat

Table 1. Cultivar CD 150 wheat seeds submitted to desiccation with different herbicides at stage 80: moisture content (%),
Yield (kg.ha') and hectoliter weight (Kg.hL™).
Treatments Moisture content Yield Hectoliter weight
Site 1 Site 2 Site 1 Site 2 Site 1 Site 2
Control group 14.50 Ab 19.22 Ab 2894.48 Aa 2794.01 Aa 78.00 Aa 74.75 ABb
Glufosinate-ammonium 12.37 ABb 17.35 BCa 2156.98 Ba 1915.71 Ca 78.75 Aa 77.00 ABa
Paraquat 11.35 ABb 14.15 CDa 1992.44 Ba 1645.18 Ca 79.00 Aa 77.50 ABa
Glyphosate 10.47 Bb 13.67 Da 1973.79 Ba 1724.98 Ca 81.25 Aa 78.50 Aa
Clethodim 14.50 Ab 21.42 Aa 2165.81 Ba 2490.19 ABa 77.50 Aa 73.75 ABDb
Diquat 13.02 ABb 18.97 ABa 2063.86 Ba 2112.32 BCa 79.75 Aa 76.00 ABb
Carfentrazone-ethyl 14.10 Ab 20.85 Aa 2412.66 ABa 2709.09 Aa 80.00 Aa 73.25 Bb
Significant Average
De%iation (treatme%lt) 3.35 370.40 317
Significant Average
Doyt (Site)g 2.18 371.22 336
CV% 9.88 11.70 3.04

Equal capital letters in the columns among treatments and equal regular letters between sites do not differ by Tukey’s test (p<0.05).
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(Carneiro et al., 2005), besides leading to the growth of
plagues and fungi, damaging seeds (Koch et al., 2006).

Sites exerted no influence over the Yield of wheat seeds
(Table 1); however, it was observed that desiccation influenced
negatively the Yield of the seeds, considering that, for both
sites, control samples presented higher Yield in relation to
some treatments.

Herbicides carfentrazone-ethyl (Sites 1 and 2) and
clethodim (Site 2) bore statistically identical results when
compared to the control sample. In Site 1, there was a
reduction of Yield by 25.5, 31, 32, 25 and 29% for herbicides
glufosinate-ammonium, paraquat, glyphosate, clethodim and
diquat, respectively. In Site 2, there was a reduction of Yield
by 31.5, 41, 38 e 24% for herbicides glufosinate-ammonium,
paraquat, glyphosate and diquat, respectively (Table 1). The
feature observed in some herbicides which may have lead to a
reduction in seed Yield in both sites may have been their quick
inhibition of photosynthesis, which may have compromised
the transportation of photo-assimilated compounds to the
seeds, thus affecting their Yield (Pereira et al., 2015), as
desiccation was realized near the period of physiological
maturity, but this does not guarantee that all seeds of all plants
had detached from their mother-plants, as wheat maturation
is not uniform.

Desiccation did not alter hectoliter (PH) weight of seeds in
Site 1; in Site 2, carfentrazone-ethyl occasioned PH reduction
in relation to glyphosate (Table 1). In Site 2, glyphosate
was the treatment that yielded higher PH, differing from the
other treatments. Samples treated with clethodim, diquat,
carfentrazone-ethyl and the control sample presented lower
PH in Site 2, when compared to Site 1. According to Fleurat-
Lessard (2002), PH reduction may be attributed to metabolic
processes in the seeds, and to organisms associated with these
processes, provoking the consumption of nutritive reserves.
PH reduction in wheat seeds was caused by carfentrazone-
ethyl due to its mode of action, degrading lipids and proteins
on the surfaces it affects (Werlang and Silva, 2002), so it
may have impacted wheat seeds right after application, due
to the reduction in lipids and proteins, and the appearance of
malformed grains; according to Battisti et al., (2011), these are
the factors that have higher impact on the PH of wheat seeds.

Contrary to what the present study attests, Bell¢ et al.,
(2014), when evaluating desiccants glyphosate and paraquat,
found no significant difference in Yield for cultivar Quartzo
wheat; the same result was shown by Santos and Vicente (2009),
demonstrating variations in cultivation behavior due to genotype
alteration and production environment.

According to Mellado and Pedreros (2005), desiccation
at stages 77 and 83 with glyphosate and paraquat diminish

Yield and hectoliter weight in relation to the control sample,
in which these products are not applied; this is similar to what
was observed in the present study, but Mellado and Pedreros
note that, when the application is done at stage 87, no damage
is observable in these features.

According to Yenish and Young (2000), diminution in
Yield and PH by desiccant application at stages 77 and 83
is due to the seeds not being physiologically matured, thus
inhibiting the transportation of photo-assimilated compounds
to the seeds, which may be one of the explanations for the
effects found in the present study.

The 100-seed mass (Table 2) of wheat was affected by the
application of desiccants in both sites. The control group and
the groups applied ghyphosate and paraquat presented higher
100-seed mass in both sites; on the other hand, glufosinate-
ammonium, clethodim, diquat and carfentrazone-ethyl caused
a diminution in 100-seed mass. The difference in 100-seed
mass among the herbicides applied may be explained by
different stress levels caused on wheat plants. Glufosinate-
ammonium, clethodim, diquat and carfentrazone-ethyl
may have caused higher stress levels on the plants; the
transportation of photo-assimilated compounds to the seed
(draining) may therefore have diminished, entailing a smaller
100-seed mass in relation to the other treatments and the
control group. The 100-seed mass was higher for Site 1 than
for Site 2 for all treatments, which reveals that the production
environment interferes in wheat plants, which will present the
same tendency for desiccation treatments.

Clethodim drastically diminished the percentage of
normal wheat seedling in the first count of the germination
test in both sites (Table 2), being below the control group
(no application) by 23% in Site 1 and 35.75% in Site 2.
Carfentrazone-ethyl and diquat also reduced the vigor of
wheat seeds. Glufosinate-ammonium and glyphosate had
performances equal to the control group in both Sites. As for
desiccated wheat seeds germination percentage (Table 2), it
is evident that herbicides that had diminished the vigor did
not influence final germination, because no difference was
observable between germination of the treated groups and
that of the control group. These data partially corroborate
those of Santos and Vicente (2009), who observed in their
study that the pre-harvest utilization of herbicides reduced
neither germination nor Yield of the seeds.

Site 1 desiccation with cultivar CD 150 did not alter
wheat seedlings dry mass parameters (Table 3). According to
Tillmann and West (2004), higher seed mass guarantees better
seedling development, due to the higher accumulation of seed
reserves. Wheat seedling dry mass (Table 3) was negatively
influenced by glufosinate-ammonium in Site 2.
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Table 2.

Cultivar CD 150 wheat seeds submitted to desiccation with different herbicides at stage 80: 100-seed mass (g),

normal seedlings in the first count of the germination test (%) and total germination (%).

100-seed mass

First count Total germination

Treatments : ; ; - - :
Site 1 Site 2 Site 1 Site 2 Site 1 Site 2

Control group 3.60 ABa 2.44 ABb 77.25 Aa 86.25 Aa 89.00 Aa 85.00 Aa
Glufosinate-ammonium. 3.25BCa 2.20 BCb 75.75 Aa 84.00 Aa 89.00 Aa 93.00 Aa
Paraquat 3.57 ABa 2.67 ABb 69.25 Aa 74.50 ABa 90.00 Aa 83.00 Aa
Glyphosate 4.01 Aa 291 Ab 73.15 Aa 80.00 Aa 89.00 Aa 84.00 Aa
Clethodim 3.04 BCa 2.12Cb 54.25 Ba 50.50 Ca 90.00 Aa 83.00 Aa
Diquat 3.35BCa 2.16 BCb 65.00 Aa 68.75 Ba 93.00 Aa 94.00 Aa
Carfentrazone-ethyl 2.98 Ca 2.15 BCb 62.25 ABa 60.25 BCa 90.00 Aa 83.50 Aa

Significant Average

Deviation (treatment) 0.54 10.75 16.93

Significant Average
Deviation (site) 0.35 8.99 11.02
CV% 8.59 7.10 8.72

Equal capital letters in the columns among treatments and equal regular letters between sites do not differ by Tukey’s test (p<0.05).

Table 3. Cultivar CD 150 wheat seeds submitted to desiccation with different herbicides at stage 80: seedling dry mass (g) and
seedling length (cm).
Seedling dry mass Seedling length
Treatments ; : - -
Site 1 Site 2 Site 1 Site 2
Control group 0.31 Aa 0.31 Aa 9.52 Aa 8.50 Aa
Glufosinate-ammonium. 0.30 Aa 0.27 Ba 9.52 Aa 7.60 Bb
Paraquat 0.30 Aa 0.28 ABa 7.32 Ba 4.85 Cb
Glyphosate 0.31 Aa 0.29 ABa 8.14 ABa 7.06 ABa
Clethodim 0.32 Aa 0.31 ABa 8.85 ABa 6.52 BCb
Diquat 0.30 Aa 0.30 ABa 8.64 ABa 7.44 ABa
Carfentrazone-ethyl 0.33 Aa 0.30 ABb 7.33 ABa 7.31 ABa
Significant Average Deviation (treatment) 0.04 1.85
Significant Average Deviation (site) 0.02 1.20
CV% 6.31 10.80

Equal capital letters in the columns among treatments and equal regular letters between sites do not differ by Tukey’s test (p<0.05).

Cultivar CD 150 seedlings submitted to pre-harvest
desiccation presented a difference as to seedling length
(Table 3); use of paraquat, in both sites, resulted in the
smallest seedling length, differing significantly from control
group. Glufosinate-ammonium, paraquat and clethodim had
superior performance in Site 1, in relation to Site 2.

Seed vigor influences development features of the future
plants. Soy plants stemming from high-vigor seeds were
higher, had larger diameter and higher leaf energy absorption
capacity (Scheeren et al., 2010; Almeida and Mundstock,
2001); moreover, they influence cultivation Yield (Schuch et
al., 2009). Mellado and Pedreiros (2005), applying desiccants
2,4-D, glyphosate, glyphosate + MCPA and paraquat at stages
77, 83 and 87 also found negative impacts on seed germination
of the desiccated seeds, when compared to the control group.

The results observed demonstrate that, when the different

herbicides were applied, there was damage to wheat cultivation
for both Yield, physiological quality of the seeds and seedling
development. This evidences the difficulties in desiccation
management for this type of cultivation, and explicits the need
for specific studies that would enable appropriate decision-
making pertaining pre-harvest desiccation, which must be
employed in some situations.

Conclusions

Yield, 100-seed mass and hectoliter weight are reduced
by plant desiccation with different herbicides.

Wheat seed germination is not altered by the application
of desiccants at stage 80, but there is reduction in the vigor of
the seeds.

Desiccation of cultivar CD 150 plants at stage 80 is not
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recommended, due to the negative effects on the productive
and physiological parameters of the wheat seeds.
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