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ABSTRACT: Uneven maturation in canola is an important challenge for its management in regions subject
to frost and high rainfall at the end of the cycle. In order to identify practices to maximize grain yield under
these growing conditions, this work evaluated the effects of desiccation with herbicides at different phenological
stages on Hyola 433, one of the most commonly used hybrids in Brazil. The experiment was conducted in
a randomized block design with four repetitions in a 6 x 4 factorial scheme, with five herbicides: paraquat,
diquat and ammonium glufosinate at dose of 400 g a.i. ha-1, glyphosate at 1,440 g a.i. ha-1 and saflufenacil at
70 g a.i. ha-1, plus the control, at four phenological stages of silique maturation (G2, G3, G4 and G5). Desiccation
at G2 and G3 reduced the oil content and thousand-grain weight on average by 60%, affecting directly grain
yield. Desiccation at G4, regardless of herbicide, did not influence thousand-grain weight and oil content, but
the use of diquat reduced canola yield by 187 kg ha-1. In the desiccation at G5, none of the herbicides led to
differences compared to the control for thousand-grain weight, yield and oil content, and it allowed harvest
to be brought forward by five days. In general, the crop presents adequate responses to the desiccation with
different herbicides at the phenological stages G4 and G5.
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Desempenho agronômico de canola submetida à dessecação
com herbicidas em diferentes estádios fenológicos da maturação
RESUMO: A desuniformidade na maturação da canola constitui importante desafio para o manejo da cultura
nas regiões sujeitas às geadas e/ou às elevadas precipitações no final do ciclo. Visando identificar práticas para
maximizar o rendimento de grãos sob estas condições de cultivo, este trabalho avaliou os efeitos da dessecação
com herbicidas em diferentes estádios fenológicos sobre Hyola 433, um dos híbridos mais empregados nas
lavouras do Brasil. O experimento foi conduzido num delineamento de blocos casualizados, com quatro
repetições, em esquema fatorial 6 x 4, sendo cinco herbicidas: paraquat, diquat e glufosinato de amônio na
dose de 400 g i.a ha-1, glifosato com 1.440 g i.a ha-1 e saflufenacil dosado em 70 g i.a ha-1, mais a testemunha,
em quatro estádios fenológicos da maturação das síliquas (G2, G3, G4 e G5). A dessecação em G2 e G3 reduziu
60% em média o conteúdo de óleo e a massa de mil grãos, impactando diretamente no rendimento de grãos.
A dessecação em G4, independentemente do herbicida, não influenciou a massa de mil grãos e o conteúdo
de óleo; todavia, o uso de diquat reduziu a produtividade em 187 kg ha-1. Na dessecação em G5, nenhum dos
herbicidas determinou diferenças em relação à testemunha para massa de mil grãos, produtividade e teor
de óleo e ainda permitiu uma antecipação da colheita em cinco dias. De um modo geral, a cultura apresenta
respostas adequadas à dessecação com diferentes herbicidas nos estádios fenológicos G4 e G5.
Palavras-chave: antecipação da colheita, produtividade, teor de óleo
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Introduction
Canola crop (Brassica napus L.) is currently consolidated as
an excellent option for agricultural diversification. Nonetheless,
the natural dehiscence of siliques and long flowering period,
with several layers, as well as the acropetal aspect of maturation,
i.e., it occurs unevenly and upward from the base in the
main stem and secondary branches, constitute an important
challenge for the management of the crop in regions subject to
frosts and high rainfall levels late in the cycle (Silva et al., 2011).
These factors increase the difficulty to define the beginning
of harvest. The most used and efficient method to remove grains
from the field is cutting and swathing, employing harvesters
with special platforms, followed by collection and threshing.
Another alternative is direct harvesting after herbicide
application, aiming at standardization of silique maturation
and fast drying of plants (Marchiori Júnior et al., 2002).
In Southern Brazil, results of research in this field are
limited and information and definitions have been varied.
Recent studies have tried to identify the best moment for crop
desiccation. Pizolotto et al. (2016) observed that desiccation
at G5 (physiological maturity) with diquat and ammonium
glufosinate reduced yield losses by 20% when compared to
natural maturation of plants.
In Iran, Esfahani et al. (2012) reported that spring canola
hybrids lost on average 6% of their moisture content when
subjected to paraquat application at doses between 200 and
300 g a.i. ha-1 at the phenological stage G4 (early maturation),
with about 40% of moisture, bringing harvest forward by 12
days, without negative effects on grain production and quality.
Nevertheless, Albrecht et al. (2013) found no interaction
for variables such as thousand-grain weight and yield when
paraquat was applied in the crop with grain moisture contents
of 30 and 45%, and concluded that canola maturation
uniformity is influenced by factors such as genetic composition,
edaphoclimatic conditions, crop management and even sowing
period.
Desiccation with herbicides at phenological stages prior to
physiological maturity directly interferes with the biological
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cycle of the plants, with probable influence on their agronomic
variables. In this context, this study aimed to evaluate the
agronomic performance of canola subjected to desiccation
with herbicides at different phenological stages of maturation.

Material and Methods
The experiment was conducted in the field and under
rainfed conditions, in the Western region of Paraná, Brazil,
at 24º 40` S latitude, 53º 38` W longitude and 490 m altitude
above the sea level, in the period from May 10 to August 30,
2016. The soil of the area is classified as Eutroferric Red Latosol,
with clay texture (EMBRAPA, 2013). The meteorological data
of temperature and rainfall were periodically collected along
the experiment (Figure 1).
A randomized block design was used, with four replicates,
in a 6 x 4 factorial scheme, which consisted of five herbicides
(paraquat, diquat, ammonium glufosinate, glyphosate and
saflufenacil) plus a control, at four phenological stages of
the canola crop (G2 - first ten siliques with 2 to 4 cm, G3 first ten siliques longer than 4 cm, G4 - first ten siliques at
early maturation and G5 - dark-colored grains; physiological
maturity) according to the phenological scale developed in
France in 1992 by the Inter-professional Technical Center for
Oilseeds and Hemp (CETIOM, 1992).
Plots were formed by six 5-m-long sowing rows spaced by
0.45 m, characterizing one experimental unit of 13.5 m² with
evaluated area of 3.6 m², composed of two 4-m-long central
rows. The respective combinations occupied an area of 1,960 m2.
Fertilization at sowing was applied based on soil chemical
analysis and expected yield of 2,000 kg ha-1, using 444 kg ha-1
of the 06-18-10 formulation. When the crop reached the
phenological stage B4 (four fully developed leaves), ammonium
sulfate ((NH 4)2SO4) was applied as topdressing at dose of
357 kg ha-1 as recommended by Tomm et al. (2009).
Sowing was carried out on May 10, 2016, using a six-row
sowing machine regulated to place 22 seeds per linear meter,
at 1.5 cm depth. The canola hybrid Hyola 433 was used, which
has a short cycle (120 to 150 days) with polygenic resistance
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Figure 1. Meteorological data: minimum, mean and maximum temperatures (oC) and rainfall (mm) collected by ten-day
periods along the experiment
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to blackleg disease (Leptosphaeria maculans), registered in
2008 and indicated for high-fertility soils (Tomm et al., 2009).
Weed management was carried out at the rosette stage
by manual weeding. In the period of elongation and flower
bud formation, diamondback moth (Plutella xylostella) was
controlled by the application of Teflubenzuron, a growthregulating insecticide which inhibits chitin synthesis,
belonging to the chemical group of the Benzoylureas. Diseases
were not observed along the development of canola plants.
Paraquat, diquat and ammonium glufosinate were applied
at dose of 400 g a.i. ha-1, glyphosate at 1,440 g a.i. ha-1 and
saflufenacil at 70 g a.i. ha-1. In all treatments the solution was
mixed with 1% Nimbus paraffin mineral oil. Applications were
carried out at 95, 105, 115 and 125 days after emergence (DAE),
period when more than 50% of the plants characterized the
phenological stages G2, G3, G4 and G5, respectively.
Applications were carried out using a CO2-pressurized
backpack sprayer, equipped with one six-nozzle boom, with XR
110.02 nozzles spaced by 0.45 m. The device worked at pressure
of 30 psi, with service flow rate of 200 L ha-¹. The solutions
were applied under the following conditions: temperatures
from 24 to 28 °C, relative air humidity above 65% and wind
speed below 7 km h-1.
Experimental units began to be harvested when the grains
contained 20% moisture content, followed a period of sundrying for 10 days with subsequent threshing and cleaning
of the grains. The time between desiccation at the respective
phenological stages and harvest with 20% grain moisture varied
according to the herbicides used and desiccation periods and
was taken into account in the characterization of the parameter
reduction in time to harvest.
The agronomic variables evaluated were plant height,
number of siliques plant-1, number of grains silique-1, thousandgrain weight and grain yield, besides the number of days
reduced in the time to harvest and grain oil content, which
was estimated by the solvent extraction method, using Soxhlet
extractor (Wennersten, 1992).
The data were subjected to Shapiro-Wilk normality test and
variance analysis by F test at 0.05 probability level. Always when
significance was observed, means of herbicides were compared
by Tukey test at 0.05 probability level and regression analysis
for days after emergence, using the statistical program Genes
(Cruz, 2006).

Results and Discussion
The agronomic variables plant height, number of siliques
plant-1 and number of grains silique-1 were not influenced by
herbicide application at any phenological stage, with mean
values of 1.28 m, 260 siliques plant-1 and 24 grains silique-1,
respectively.
Reduction in time to harvest (Figure 2) was discussed based
on the mean values, instead of using a regression. Desiccation
at G2 (95 DAE) and G3 (105 DAE) allowed harvest to be brought
forward on average by 26 and 20 days, respectively. Although
bringing harvest forward is of great interest economically and
in the organization of property-level operations, the significant
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Figure 2. Reduction in time to harvest for the hybrid Hyola
433, as a function of desiccation at different maturation stages
(G2, G3, G4 and G5, respectively at 95, 105, 115 and 125 days
after emergence)
losses in thousand-grain weight, grain yield and oil content
indicate that desiccation should be carried out only after G3.
Desiccation at G4 (115 DAE) and G5 (125 DAE) brought
harvest forward on average by 11 and 6 days, respectively,
compared to the control, without significant losses in the studied
variables. These results corroborate those found by studies
conducted in Canada (Darwent et al., 2000) and Iran (Esfahani
et al., 2012), where canola desiccation close to the transition
point from G4 to G5 brought harvest forward by 10 days.
The performance of each significant variable studied
was compared to the control and, according to the analysis
of variance (Table 1), there was significant interaction of
desiccation periods with the herbicides.
The linear fits showed that thousand-grain weight did not
exceed 2.0 g when desiccation was carried out using paraquat
and diquat (Figures 3E and F) at the phenological stages G2 and
G3. Different values were observed in Figure 3A; under natural
drying of the plants, the mean thousand-grain weight was
3.5 g. It is worth highlighting that, under favorable conditions
of climate, nutrition and health, this variable can easily surpass
4.0 g (Kaefer et al., 2014).
Paraquat and diquat, both contact and photosystem
I-inhibiting herbicides, regardless of period of application,
desiccated plants within an interval between 5 and 7 days, time
significantly less than that required by systemic herbicides such
as glyphosate (between 12 and 21 days). This rapid desiccation
of the plant occurs due to the fact that these contact herbicides
form superoxide radicals that disintegrate in hydrogen peroxide
Table 1. Summary of analysis of variance for the analysed
variables as a function of desiccation with herbicides at
different maturation periods of the hybrid Hyola 433

* Significant at p ≤ 0.05 by F test, CV (%) – Coefficient of variation; TGW – Thousandgrain weight; GY – Grain yield; OC – Oil content in the grains
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* significant at p ≤ 0.05 level by the t-test

* significant at p ≤ 0.05 level by the t-test

(H2O2), directly resulting in the degradation of cell membranes
and accelerating the death of plant tissues (Costa et al., 2014).
The data of desiccation with ammonium glufosinate,
saflufenacil and glyphosate (Figures 3B, C and D, respectively)
fitted to a quadratic model in which the maximum point
indicates which is the best moment to desiccate the crop with
these herbicides. Considering this variable, such moment
occurs in the transition from G4 to G5, i.e., in the interval
adjusted between 120 and 125 DAE for the hybrid Hyola 433
under the conditions of this crop season and site. Marchiori
Júnior et al. (2002) found that the best period for desiccation
with systemic herbicides is the phenological stage G5.
In order to cause phytotoxic effects, systemic herbicides
need to be absorbed and translocated to specific regions of
the plant, as observed in the present study, in which the full
desiccation of the plants occurred between 12 and 21 days after
application of the herbicides. Constantin et al. (2008) claimed
that, as long as the plant has active photosynthetic tissues, the
translocation of photoassimilates and dry matter accumulation
continue to occur.
Based on the linear model, grain yield increased as a function
of desiccation period, regardless of herbicide, so that desiccation
at G2 and G3 reduced the mean yield by 1,464 and 1,087 kg ha-1,
respectively, compared to the control (Figures 4B, C, D, E
and F). These results indicate that biomass accumulation was
interrupted by the effect of desiccation and that maturation was
forced due to the fast intensification of water loss from tissues
and grains which were still in the process of formation.
The desiccation with the systemics herbicides saflufenacil
and glyphosate in G2 and G3 promoted a significant decrease
in productivity in relation to the phenological stages G4 and
G5, which was not different between them (Figures 4C and D)

and the control (Figure 4A). Different behavior was observed
in the desiccation with paraquat and diquat (Figures 4E and F),
where the G4 desiccation promoted a mean reduction of 157
and 317 kg ha-1, compared to G5, respectively. These differences
may be related to the effect of the herbicides and to the high
degree of silica maturation.
Nunes et al. (2015) also observed that the use of ammonium
glufosinate led to lower yield losses when compared to diquat in
applications immediately before physiological maturity. Darwent
et al. (1994) reported similar behavior in a study evaluating
the agronomic yield of canola desiccated with glyphosate and
ammonium glufosinate at phenological stages prior to G5.
Understanding the phenotypic dynamics of canola plants is
essential to make crop management effective. Although the plant
reached maximum dry matter accumulation at the phenological
stage G4, it was in G5 that the siliques of the lower and upper
thirds of the branches had the greatest phenological balance, i.e.,
from that point plants lost water at higher rate and siliques from
the base of the branches began the natural dehiscence process.
Rose et al. (2008) and Wang et al. (2011) found that the
siliques from the base of the branches have greater availability
of photoassimilates in comparison to those of the upper third,
and the fact that canola has acropetal maturation is what
generates the greatest problems at harvest. Clarke (1989)
also states that during maturation the wall of siliques and the
stems are the last sources of material for translocation and
accumulation in the grains.
All herbicides drastically reduced grain oil content when
desiccation was carried out at G2 and G3 (Figures 5B, C, D,
E and F). According to the fitted model, the reductions were
on mean 48.7 and 75%, respectively. Portella & Tomm (2007)
state that during maturation there is natural degradation of

Figure 3. Thousand-grain weight of the canola hybrid Hyola
433 as a function of desiccation with herbicides at different days
after emergence (DAE): control (A), ammonium glufosinate (B),
saflufenacil (C), glyphosate (D), paraquat (E) and diquat (F)
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Figure 4. Variations in grain yield for the canola hybrid
Hyola 433 as a function of desiccation with herbicides at days
after emergence. control (A), ammonium glufosinate (B),
saflufenacil (C), glyphosate (D), paraquat (E) and diquat (F)
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chlorophyll and premature desiccation of the plant, resulting
in the reduction of oil accumulation in the grains and presence
of toxic residues and chlorophyll, which depreciate the product
and increase industrial costs for oil clarification.
Compared to the control (Figure 5A), desiccation at G5 with
any of the herbicides did not affect the oil content (Figures 5B,
C, D, E and F) and, although the desiccation at G4 reduced grain
yield, it did not reduce grain oil contents. These results indicate
that desiccation at G4 can be an alternative to be employed in cases
where climate forecasts point to imminent high risks of losses due
to strong winds, heavy rains and hailstorms, which may preclude
harvesting operations and reduce grain yield and quality.

* significant at p ≤ 0.05 level by the t-test

Figure 5. Oil content in the canola hybrid Hyola 433 as a
function of desiccation of herbicides at days after emergence:
control (A), ammonium glufosinate (B), saflufenacil (C),
glyphosate (D), paraquat (E) and diquat (F)

Conclusions
1. It is not recommended to desiccate canola at the
phenological stages G2 (first ten siliques with 2 to 4 cm) and G3
(first ten siliques longer than 4 cm) using the studied herbicides.
2. The agronomic variables thousand-grain weight and oil
content positively respond to desiccation at G4 (first ten siliques
at early maturation) and G5 (dark-colored grains; physiological
maturity), regardless of herbicide.
3. This study suggests the phenological stage G5 as the most
indicated to desiccate the crop.
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