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Introduction

In the South region of Brazil, after the harvest of the 
summer crops, producers adotam the sowing of winter 
cereal crops, such as wheat, barley, oat, besides forage 
crops, and, more recently, canola. This oilseed has been 
highlighted among winter and spring crops, due to the 
wide range of uses associated with its grain, with a high 
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The overseeding technique allows the establishment of a crop before the harvest 
of an overseeded crop at the end of the cycle. It aims at making a better use of 
more favorable seasonal climatic conditions and the intensification of cultivation 
systems, with the possibility of obtaining another harvest in less time. This work 
aimed to verify if it is possible to establish the Brassica napus crop in overseeding 
with the phenological stages at beginning of grain filing (R5) and beginning of 
soybean physiological maturation (R7) in the Central region of the state of Rio 
Grande do Sul. The study was performed in a Humid Subtropical climate, in Santa 
Maria, RS. A randomized block design was used, in a 4 x 2 factorial arrangement 
with 4 replications, with four seed Brassica napus densities (3, 6, 12, and 18 kg ha-1) 
and two developmental stages of the soybean crop (R5 and R7), in addition to the 
control treatment sown in rows directly on the straw right after soybean harvest 
(3 kg ha-1 - standard). The plant density, yield components, and grain yield were 
measured. The canola crop is not established when overseeded in the soybean stage 
R5. The seed density of 6 kg ha-1 achieved the recommended plant density for the 
canola overseeded in stage R7 of the soybean crop. The 6 kg ha-1 density stood out 
as the best treatment performed in the R7 stage of the soybean crop. 
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protein impact and oil administration rate, of which 
human food, bioenergy, pharmaceutical industry and 
animal feed stand out. (Tomm et al., 2009; De Mori et 
al., 2014; Estevez et al., 2014). The high added value of 
the commercialization of the grain, similar to soybeans, 
in comparison to the wheat crop, and the great impact 
of climatic conditions on the final quality of the cereal 
grains, are other preponderant factors in the choice 
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of the crop in the insertion for succession the main 
commodities for cultivation in summer, soybeans and 
corn (De Mori et al., 2014; Gularte et al., 2020).

The introduction of crops after soybeans, specimens, 
besides the socioeconomic question (Canalli et al., 2020), 
represents an important agronomic role in agricultural 
production systems associated with crop rotation. It has 
favorable effects in the obtainment of better plant health, 
weed control, soil conservation, and soil nutrient cycling, 
as well as in the obtainment of different root architectures 
and their positive effect on soil structure, accumulation 
of organic matter, and improvement in the way and 
intensity of the use of agricultural machinery (Silva 
et al., 2006; Weisberger, et al., 2019; Santos et al., 2019; 
Manfron et al., 2022). Therefore, given the uncertainty of 
profitability associated with the climatic risks typical of 
winter, sowing at this time of the year is indispensable 
considering such indirect benefits.

Overseeding is a traditional practice for the 
establishment of autumn/winter crops, aiming primarily 
at preventing the soil from lying fallow with the 
introduction of crops in a crop rotation system and/or in 
the formation of pastures (Manfron et al., 2019; Manfron 
et al., 2022; Pires & Cunha, 2022). Regardless of the crop on 
which it is performed, overseeding brings the advantage 
of anticipating soil covering in up to three weeks in areas 
destined for grazing, being widely used in southern 
Brazil (Pacheco et al., 2008; Manfron et al., 2022) to obtain 
a better food supply for animals during autumn and 
winter. This practice demands a higher amount of seeds 
compared to sowing in rows since, out of the seeds that 
are thrown on the straw of the previous crop, only part 
of it comes into direct contact with the soil surface, with 
the remainder being subjected to be deposited over the 
plant remains, more exposed to weather and predators 
compared to the seeds that are incorporated into the soil 
(Silva et al., 2013; Volf et al., 2021).  

The practice of overseeding can ensure soil covering 
and the formation of straw with the predominance of 
desirable species in the desired time interval, for this, 
it is necessary to observe some aspects, such as the 
choice of the ideal time for its realization and incident 
edaphoclimatic conditions, which can be optimized in 
managed areas with irrigation control, since absences 
rainfall or insufficient levels can delay the seed 
germination process (Manfron et al., 2022).. Observing 
the soybean crop as an antecedent, overseeding should 
be performed at the beginning of the fall of leaves in 
order to favor that the greatest possible number of seeds 
is in direct contact with the soil, and as the abscission 
of senescent leaves occurs, these may come to cover the 
deposited seeds, forming a favorable microenvironment 
for the process of germination and initial seedling 

establishment (Pacheco et al., 2008; Correia & Gomes, 
2016; Voft et al., 2021). 

For the traditional sowing using rows using traction 
seeders-fertilizers after harvesting the predecessor 
crop, two problems may occur in implantation, in this 
period: the first relates to the eventual superposition 
or competition in the use of part of the machinery, 
equipment, and manpower between the operations of 
sowing and harvest; the second is the possibility of the 
occurrence of delays in the establishment of the crop 
subsequent to the summer crop, in years with excessive 
or prolonged rainfall that may prevent the operation 
with sowing machines right after harvest. Therefore, 
the interest in the use of overseeding among rural 
producers relates to the agronomical benefits associated 
with this practice, in which the agility of the broadcast 
sowing process and the speed of the sowing process are 
highlighted observed in prototypes and/or equipment 
adapted for its realization, such as tractored grain 
spreaders, agricultural drones and sprayers.

Longer time periods between the harvest of the 
summer crop and the sowing of the autumn/winter 
crop, caused by the eventual need to wait for favorable 
meteorological and soil water conditions and/or 
availability of machinery, increase the exposure time of 
both soil and straw. This condition can contribute to the 
decrease of the straw cover on the surface, a permanent 
concern related to soil conservation. The emergence and 
establishment of the plants of the succeeding crop, still 
with the preceding crop in its stage of maturation, allows 
maintaining a better soil cover in the transition between 
crops since the straw volume of the senescent crop is still 
available, associated with an emergent plant stand of the 
succeeding crop. This process also increases the speed of 
soil covering by the succeeding crop and the suppression 
of invasive weeds due to the fast occupation of the space 
and greater interception of solar radiation provided 
by the species of interest. Concerning this benefit, the 
establishment of a sufficient plant population to protect 
and improve the soil, in general, has been obtained with 
the practice of overseeding of forage turnip on soybean, 
intercropped or not with a grass species (Tiecher, 2016). 

However, for overseeding on soybean using the canola 
crop, there is a lack of basic information and also no data 
on this operation under Brazilian conditions, especially 
related to the seed density required for overseeding that 
allows the establishment of a plant population that better 
relates to the competitive ability of this species, within 
the biotic and abiotic adversities at this time of the year. 
Likewise, there is no direct information regarding the 
phenological stage of the soybean crop that better favors 
the initial establishment of the overseeded canola crop. 
To obtain part of these data, this study aimed to verify if 
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it is possible to establish the canola crop in overseeding 
with the phenological stages in beginning of grain filing 
and physiological maturation beginning of the soybean 
crop in the Central region of the state of Rio Grande do 
Sul.

Materials and Methods

The experiment was conducted in the experimental 
area of the Department of Phytotechnics of the Federal 
University of Santa Maria (UFSM) (29° 43’ 23’’ S; longitude: 
53° 43’ 15’’ W; 95 m a.n.m.). The climate of the region, 
according to the classification by Köppen, is a typical 
Cfa, characterized as humid subtropical with hot summer 
and normal rainfall (1,712 mm) distributed evenly 
throughout the four seasons of the year (Kuinchtner & 
Buriol, 2001; Beldwein et al., 2009). In the period from 
April to September, which comprises most of the canola 
cycle in the state of Rio Grande do Sul (Tomm, 2007), 
water deficits are little frequent and usually small, with 
a predominance of water excess (Cardoso, 2005; Buriol et 
al., 1980).

The soil of the experimental area belongs to the São 
Pedro Mapping Unit, being classified as a sandy dystrophic 
Red Argisol (Santos at. al, 2013). In this soil, the acidity 
was corrected to pH 6.0, according to the results of the 
chemical analysis and the recommendation (SBCS, 2016). 
Soil preparation was performed with scarification and 
harrowing, aiming at leveling the surface and conferring 
good conditions for the establishment of the soybean 
crop. The soybean was sown on November 21, 2017, with a 
no-till seeder, in a 0.5 m spacing between rows, using the 
cultivar NA 5909 RG, which presents an undetermined 
growth habit. The seeds were inoculated with nitrogen-
fixing bacteria in the liquid formulation. Ground and 
topdressing fertilization followed the recommendation 
for the soybean crop (SBCS, 2016). After the emergence 
of the plants, weed control and disease prevention and 
control were performed according to the technical 
recommendations for the soybean crop (Salvadori et al., 
2016) to keep the good health of the leaf area, providing 
better agronomical conditions for the subsequent 
establishment of the canola crop, in overseeding. 

Canola overseeding was performed by manual 
broadcasting when the soybean reached stages of 
beginning of grain filing (March 1, 2018) and beginning 
of the physiological maturation of de culture (March 
21, 2018), according to the scale by Fehr and Canivess 
(1977). The soybean harvest was performed on April 
12, 2018, by occasion of the physiological maturation of 
the crop, with the aid of a specific motorized machine 
for this operation. Four days after, the canola sowing 
was performed in rows to compose the standard control 

treatment. The management of chemical fertilization was 
performed in its totality via topdressing, according to soil 
analysis results, following the indications of the manual 
for fertilization and liming of the canola crop (SBCS, 
2016).

The experimental design employed was in randomized 
blocks, with four replications per treatment, in a 4x2 
factorial arrangement, with four densities, namely 3 kg 
ha-1 (recommended for the crop in the no-tillage method), 
6 kg ha-1, 12 kg ha-1, and 18 kg ha-1, all in overseeding, 
and two developmental stages of the soybean crop (R5 
and R7). In the block, a control treatment sown in rows 
was also implanted, following the recommendation for 
the canola crop, after the soybean harvest, totaling 36 
experimental units, each with an area of 15 m2 (3 m width 
x 5 m length). The plots were arranged side by side in the 
north-south direction, with a useful area of 8 m².

During the development cycle of the canola 
plants, phenological observations and phenometric 
determinations were performed in two plants per 
experimental unit to identify possible differences in crop 
growth and development. The phenological evaluations 
were performed by registering the occurrence dates of the 
main phenological stages of the crop, such as emergence 
(E), rosette formation (FR), beginning of flowering (IF), 
end of flowering (FF), and physiological maturation (C), 
following the phenological scale described by Iriarte 
and Valetti (2008). For the phenometric variable, the leaf 
area was determined (AF; cm2) through a mathematical 
model developed by Tartaglia et al. (2016), to which the 
largest dimension of the leaf blade (L; mm) of each leaf of 
the plant was measured in the field. With the sum of the 
leaf area of each plant e respective special area occupied 
(AS), the leaf area index (IAF) was calculated for each 
treatment, applying the formula IAF: AF/AS. 

The micrometeorological evaluations comprised the 
evaluation of the transmittance of photosynthetically 
active radiation (RFA) through the soybean canopy. 
For this measurement, bars with amorphous silicon 
solar cells covered with a measuring filter (RFA) were 
installed at ground level for the prediction of the 
photosynthetically active radiation transmitted (RFAt), 
and bars outside the soybean canopy were installed for 
the determination of the incident photosynthetically 
active radiation (RFAinc), both installed at the sowing of 
the canola crop on soybean and kept until the emergence 
of the plants. The data of RFAt and RFAinc were measured 
every 30 seconds and stored in means at every 30 minutes 
in a Campbell Scientific® datalogger CR200 series. For the 
determination of transmittance and/or transmissivity 
of the RFA, the following expression was used: (ΓRFA, % 
= RFAt/ RFAinc). Meteorological information was also 
collected at the automatic station belonging to the 8th 
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Meteorology District of INMET, located at UFSM within a 
radius of 50 m from the experiment site, which included 
air temperature (Tar, °C), precipitation rainfall (P, mm 
day-1) and global solar radiation (Rg, MJ m-2 h-1).

For the determination of the total dry matter (MSPA) 
of the shoot part of the canola plants, at harvest, two 
plants were collected per experimental unit, stored in 
paper bags, and taken to dry in a forced-air circulation 
oven at 60°C for 72 hours, until reaching constant weight; 
afterward, the samples were weighed in a precision 
balance with 1 mg resolution. 

The harvest to evaluate the grain yield and yield 
components of the crop occurred manually when the 
grains presented a color alteration from green to brown 
in the intermediate portion of the raceme. For the 
determination of the yield components, two random 
plants were collected in the experimental unit, from 
which the following variables were determined: dry 
mass of twenty siliques (MS20S, g), number of grains 
per silique (NG), number of siliques per plant (NS), 
100-grain mass (M100G, g), and silique length (CS, cm). 
For the determination of the grain yield (GY), a composite 
sample composed of 0.25 m2 was collected in the central 
part of the useful area of each parcel. These plants 
collected were air-dried in an open shed until reaching 
approximately 10% of moisture, being then subjected to 
manual processing and separation of impurities, after 
this procedure, weighing was carried out on a precision 
scale and the grain yield of the culture was determined 
for a final moisture of 10%.

 The data on the initial plant stand and leaf area at 
the full flowering stage, number of siliques per plant, 
number of grains per silique, dry matter of 20 siliques, 
and 100-grain mass were subjected to analysis of 
variance and, upon verifying a significant effect, the 
means of the qualitative variables were compared by 
the Scott-Knott test at 5% of error probability, using the 
SISVAR® statistical software. The quantitative data were 
subjected to regression analysis. The productivity data 
were subjected to orthogonal contrasts at 5% of error 
probability to compare this variable determined in the 
plots of the treatments for the sowings in R5 and R7 with 
the control and between the densities of the same time, 
in which:

C1 = contrast of the overseedings in R5 and R7 with 
the control; 

C2 = contrast between R5 and R7; 
C3 = contrast of the treatment 3 kg ha-1 in R5 with 6, 12, 

and 18 kg ha-1 in R5; 
C4 = contrast of the treatment 6 kg ha-1 in R5 with 12 

and 18 kg ha-1 in R5; 
C5 = contrast of the treatment 12 kg ha-1 in R5 with 18 

kg ha-1 in R5; 

C6= contrast of the treatment 3 kg ha-1 in R7 with 6, 12, 
and 18 kg ha-1 in R7; 

C7 = contrast of the treatment 6 kg ha-1 in R7 with 12 
and 18 kg ha-1 in R7;

C8 = contrast of the treatment 12 kg ha-1 in R7 with 18 
kg ha-1 in R7. 

To complement the productivity analysis, Scheffé’s 
test at 5% of probability was used to compare the sowing 
in R5 with the control and the sowing in R7 with the 
control. 

Results and Discussion

The meteorological conditions of the period from 
overseeding until emergence were more favorable for 
the germination and initial establishment of the canola 
plants when the overseeding on soybean was performed 
in the R7 phenological stage, considering that, in this 
stage, there was rainfall in the day after overseeding, 
whereas, for the overseeding on soybean in the R5 stage, 
rainfall only occurred 10 days after (Figures 1). 

The fact that rainfall only occurred 10 days after the 
overseeding performed in stage R5 led the canola seeds to 
germinate only after this favorable moisture condition, 
when the soybean crop was then in the R6 stage (March 
14, 2018). As for the overseeding on soybean in the 
phenological stage R7, the rainfall, although presenting 
a low index, occurred one day after sowing, allowing the 
canola plants of this overseeding time to germinate and 
emit cotyledons within only three days (24/03/2018), 
resulting in a faster initial establishment and a more even 
plant distribution.

The phase after the germinative process in overseeding 
systems is also essential since the plants can be exposed 
to stresses of higher or lower intensity as a function of the 
photosynthetically active radiation caused by the shading 
provided by the soybean canopy. In this phase, the young 
canola plants from the first overseeding were subjected 
to greater competition for light since the soybean already 
exhibited a higher number of leaves. In the first two days 
after the emergence of the canola plants overseeded on 
soybean in the R5 stage, the seedlings received only 7% 
of the incident RFA on the canopy of the crop, and in 10 
out of the 12 days subsequent to germination, the RFA 
transmitted was lower than 1.0 MJ m-2 day-1 (Figure 3). 
With this RFAt insufficiency below the soybean canopy, the 
canola plants underwent an excessive elongation of the 
main stem aggravated by the shading and did not present 
the characteristics rosette shape for the phenology of 
the plant (Figure 2A). This etiolation was visualized in 
the treatments with overseeding in R5, throughout their 
cycle, in which the plants presented winding in the base 
of the stem (Figure 2B). The high competition for solar 
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radiation affects the architecture of the canola plants 
(Jacob Junior et al., 2012) since the low luminosity leads 
the plant to present a quick stem prolongation towards 
solar radiation (Gommers & Monte, 2018), destining a 
significant part of its reserves and converted energy for 
this process. Etiolation was also verified by Almeida et. 
al. (2014), in a study in which they verified this condition 
in excessively shaded soybean plants intercropped 
with eucalyptus. Etiolation is a negative response since 
it results in smaller stem diameter and in plants that 
are more susceptive to lodging, generating problems 
especially at harvest, negatively affecting the yield and 
quality of canola grains.

In the canola plants originated from the overseeding 
on soybean in R7, although no clear rosette formation has 
been observed, no winding of the base of the stem was 
verified (Figure 2C), probably because the insufficient 
RFA, lower than 1.0 MJ m-2 day-1, occurred only in the 
first three days after emergence, gradually increasing its 
availability in the later period (Figure 3). In general, it may 
be inferred that the lower etiolation in the plants of the 
second overseeding date occurred because the soybean 
began to lose leaves from stage R7, allowing a gradual 
increase of RFA transmissivity through the canopy and 
greater availability for the canola plants.

The difference in plant etiolation can be explained by 
the availability of RFAt to the canola plants emerged under 
the soybean canopy (Figure 3). It is verified that the RFAt 
in stage R5 was lower than 10% of the photosynthetically 

active radiation incident in the entire crop, remaining 
with low values for a relatively long period, even with a 
high incidence of photosynthetically active radiation on 
top of the soybean canopy. For the canola plants from the 
overseeding in R7, there was higher RFA transmissivity 
through the soybean canopy, reaching 40% on March 
27, 2018 (Figures 3 and 4), at the beginning of soybean 
maturation. However, due to the lower RFA availability 
from March 19 to March 27, 2018, the canola plants 
overseeded on soybean in R7 only received very low 
RFAt (RFAt < 1.0 MJ m2 day1) in the first three days after 
emergence. For the canola plants from the overseeding in 
soybean in R5, this insufficient RFA condition lasted for 
12 days after their normal emergence (Figures 3 and 4), 
with this being the probable cause of the low number of 
remaining plants after soybean harvest.

The increase of the RFA transmitted from March 23, 
2019 (2nd day after emergence for the canola in the second 
stage of overseeding) is due to the fall of leaves that the 
soybean crop presents when maturation is approaching 
the end of the cycle, a characteristic the provides a 
better development of the canola plants originated from 
overseeding.

The density of the canola plants after soybean harvest 
presented, as resulted in the analysis of variance, a 
significant interaction between the two soybean stages 
in the overseeding and density of the canola seeds 
distributed. In the first overseeding (soybean in R5), 
the mean number of plants was below three plants per 

Figure 1. Minimum (Tmin; ºC) and maximum daily air temperatures (Tmax; ºC), global solar radiation (MJ m-2 day-1) and 
rainfall in the period from 5 days before the first overseeding on soybean (March 1, 2018; soybean in stage R5) until the 
last canola harvest (October 1, 2018), in Santa Maria, RS.  
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square meter, which means a plant density well below the 
indicated for the canola crop in the state of Rio Grande 
do Sul (RS), which is 40 plants m-2 for sowing in rows 
and at the adequate time for the canola crop to express 
its maximum productive potential in RS (Tomm, 2007). 
This low plant density may be linked, in addition to the 
reduction in soil moisture observed to the detriment of 
water restriction, also to the reduction of senescent leaf 
mass available to cover the seeds at this stage, which has 
an influence on their germination. (Volf et al., 2021).

The number of 40 Pl m-2 was only reached in the 

overseeding performed when the soybean was in the R7 
stage, at the seed density of 6 kg ha-1 or higher (Figure 
5A). As for the seed density of 3 kg ha-1, only 10 Pl m-2 
were counted, on average, for this second overseeding, 
whereas in the treatments with 12 and 18 kg ha-1, it 
was 67 and 81 Pl m-2, respectively. This unnecessarily 
high number, according to Angadi et al. (2003), does not 
present a significant increase in canola productivity in 
the comparison of a population of 40 Pl m-2 with one of 
80 Pl m-2 and, therefore, it is inferred that seed densities 
of 12 kg ha-1 or higher are too much, even when the 

Figure 2. Canola plants with excessive elongation of the main stem aggravated by shading, presenting no rosette stage 
(A); winding of the base of the stem in canola plants in the stage of elongation of the floral stem when overseeded on 
soybean stage R5 (B); and base of the stem in canola plants in the state of elongation of the floral stem when overseeded 
on soybean stage R7 (C); Santa Maria, RS, 2018.

Figure 3. Photosynthetically active radiation incident on top of the soybean canopy (RFAinc); RFA transmitted through the soybean 
canopy and incident on the canola plants (RFAt); RFA transmissivity measured and estimated (RFAt/RFAinc; %) for the days 19/03, 
20/03, 21/03, 28/03, 29/03, 30/03, 31/03, and 01/04 in the period subsequent to the emergence (EM) of the canola crop overseeded on 
soybean in stages R5 and R7, in Santa Maria, RS.

Source: Authors.
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implantation of the crop occurs through overseeding.
Among the phenometric variables, the IAF measured 

in the full flowering stage of the canola plants presented 
a significant interaction between the soybean stage at 
overseeding and the density of the distributed seeds. In 
the first overseeding, the IAF of the canola crop remained 
practically constant for all sowing densities (Figure 5B), 
keeping under 0.3. The low IAF value can be explained 

by the low plant stand and their initial etiolation during 
their establishment in the management of overseeding 
performed in the R5 stage of the soybean crop.

With the canola overseeding on soybean in R7 (time 2), 
the IAF increased with the increase in the seed densities 
employed in the overseeding process, until reaching 
the maximum value at the seed density of 12 kg ha-1, a 
treatment that resulted in a count of 62 canola plants m-2 

Figure 4. Minimum (Tmin, ºC) and maximum daily air temperatures (Tmax, ºC), global solar radiation (Rg, MJ m-2 day-1), 
and rainfall in the period between the overseedings (S) in stages R5 and R7 of the soybean crop, with the indication of the 
respective emergence dates of the canola plants (EM) in R5 and R7 of the soybean crop until soybean harvest (April 12, 
2018), in Santa Maria, RS.

Figure 5. Density of canola plants after soybean harvest in plots where overseeding occurred in stages of beginning of 
grain filing and beginning of the physiological maturation of the soybean crop, at the canola seed densities of 3, 6, 12, and 
18 kg ha-1 (A); leaf area index (IAF) of the canola plants at full flowering, as a function of the seed densities of 3, 6, 12, and 
18 kg ha-1 (B), in two overseeding times on soybean in stages R5 and R7, in Santa Maria, RS. 

Figure 5 – Density of canola plants after soybean harvest in plots where overseeding occurred in stages of beginning

of grain filing and beginning of the physiological maturation of the soybean crop, at the canola seed densities of 3, 6,

12, and 18 kg ha-1 (A); leaf area index (IAF) of the canola plants at full flowering, as a function of the seed densities

of 3, 6, 12, and 18 kg ha-1 (B), in two overseeding times on soybean in stages R5 and R7, in Santa Maria, RS. 

 
Canola seed densities  (kg ha

-1
)

0 3 6 9 12 15 18

D
en

si
ty

 o
f 

ca
no

la
 p

la
nt

s 
 (

P
l 

m
-2

) 
  

0

20

40

60

80

Overseeding R5 
y = 0,1031x + 0,9657
        R² = 0,97    

Overseeding R7 

y = -0,2314x
2
 + 9,3526x - 12,256

       R² = 0,99

 Canola seed densities  (kg ha
-1

)

0 3 6 9 12 15 18

D
en

si
ty

 o
f 

ca
no

la
 p

la
nt

s 
 (

Pl
 m

-2
) 

  

0

20

40

60

80

Overseeding R5 
y = 0,1031x + 0,9657
        R² = 0,97    

Overseeding R7 

y = -0,2314x
2
 + 9,3526x - 12,256

       R² = 0,99

 

A B 

Figure 4 - Minimum (Tmin, ºC) and maximum daily air temperatures (Tmax, ºC), global solar radiation (Rg, MJ m-2 

day-1), and rainfall in the period between the overseedings (S) in stages R5 and R7 of the soybean crop, with the 

indication of the respective emergence dates of the canola plants (EM) in R5 and R7 of the soybean crop until 

soybean harvest (April 12, 2018), in Santa Maria, RS.

Date

27
/0

2 
 

01
/0

3 
 

03
/0

3 
 

05
/0

3 
 

07
/0

3 
 

09
/0

3 
 

11
/0

3 
 

13
/0

3 
 

15
/0

3 
 

17
/0

3 
 

19
/0

3 
 

21
/0

3 
 

23
/0

3 
 

25
/0

3 
 

27
/0

3 
 

29
/0

3 
 

31
/0

3 
 

02
/0

4 
 

04
/0

4 
 

06
/0

4 
 

08
/0

4 
 

10
/0

4 
 

12
/0

4 
 

14
/0

4 
 

T
M

in
, 

T
m

á
x
, 

R
g

0

10

20

30

40

 R
a

in
fa

ll(
m

m
)

0

10

20

30

40

50

60

70
RFA TMin TMáx Rainfall

S
. 

R
5

S
. 

R
7

E
M

 R
5

E
M

 R
7



Agrometeoros, Passo Fundo, v.31, e027266, 2023.

at the moment of soybean harvest (Figure 5B). This result 
is congruent with the results found by Bandeira et al. 
(2013), who obtained the highest IAF at the density of 60 
Pl m-2, also observing a decrease in the IAF at the density 
of 18 kg ha-1, demonstrating that the canola established 
within high plant densities can be exposed to significant 
intraspecific competition. The results related to the 
IAF, obtained with the overseeding performed in R7, 
also serves to ratify that the initial establishment of the 
canola plants can be perfectly viable with seed densities 
within 6 and 12 kg ha-1.

For the variables of plant height, yield components, 
and dry matter of the plants, there was no interaction 
between sowing densities and overseeding stages, which 
indicates that these factors act independently. For the 
factor of plant densities, there were also no significant 
differences between the different overseeding densities, 
and therefore, the results are presented only for the 
factor of soybean stages at overseeding, verifying that 
this variable did not differ (Table 1). Although in the 
conditions of the first overseeding, there was etiolation in 
the early stages of the crop, this response did not provide 
a higher or lower final plant height. 

The MSPA variable per plant presented a reduction of 
75.3 % (Table 1) in the comparison of the means obtained 
with the overseeding in R5 and compared with R7, due 
to the low plant density obtained in R5. Since there 
was no intraspecific competition because the plants 
were isolated, the plants probably did not compete for 
solar radiation, water, and minerals, thus showing that 
the canola plants exhibit high phenotypic plasticity, 
compensating the lack of plants with the emission of a 
higher number of branches and, consequently, a higher 
number of siliques per plant. The reduction trend of the 
shoot dry matter in canola plants, due to competition, 
also occurs for forage canola. Ahmadi, Rad, and Delkhosh 
(2014) verified that, in the subperiod of stem elongation, 
the plants reached the highest dry matter mass at the 
density of 150 Pl m-2, and from this density, the dry 
matter per plant decreased to a minimum of 22% at the 

plant density of 200 Pl m-2.
The MS20S also presented a significant difference 

between the canola plants originated from sowing in 
different stages of the soybean crop, at overseeding. 
The overseeding performed in R7 resulted in the highest 
mean, probably because the plants allocated more 
photoassimilates in the grains, unlike the plants from the 
overseeding in R5, which presented a higher production 
of MSPA, accumulating less photoassimilates in the 
grains.  A significant difference was also verified between 
the two canola overseedings for the number of siliques 
per plant. The plants of the overseeding in stage R5 of the 
soybean crop presented higher NSpl means that those 
of stage R7 (Table 1), with no seed density differences 
between treatments. The higher NSpl in the plants from 
the overseeding on soybean in the R5 stage is linked to 
the spatial distribution in the plots, indicating little 
competition between the plants, thus obtaining more 
space for the emission and development of branches 
and a higher number of siliques per plant. Krüger et al. 
(2011) verified that, with a lower plant density, there is 
a trend towards higher silique production per plant. The 
same authors obtained NSpl values of 572 and 186 for 
the densities of 20 and 40 Pl m-2, respectively, indicating 
the existence of intraspecific competition and a drastic 
reduction of NSpl with the duplication in plant density.

The mean number of grains per silique (NG) presented 
no significant interaction between the levels of the 
soybean stage at overseeding and seed density, with a 
difference occurring only between stages, being superior 
in the overseeding of the R7 soybean stage (Table 1). The 
number of grains per silique is directly linked to flower 
pollination, which may be affected by factors such as 
meteorological conditions and availability of pollinators 
(Halinski et al., 2018). The fact that the overseeding in 
R5 had lower NG values than R7 may be related with 
the flowering period, since it extended from May 2 until 
August 26, 2018, for the overseeding in R5, whereas the 
canola plants from the overseeding on soybean in R7 kept 
in flowering from May 20 until July 30, 2018. Therefore, 

Overseeding 

Soybean Stage

DP (Pl m-2) Height (m) MSPA (g Pl-1) MS20S (g) NGs (nº Pl-1) NSpl (nº Pl-1) M100G (g)

Grain filing 1.97b 1.14 a 153.1 a 2.03 b 17.4 b 912 a 0.44 a

Maturation 48.36a 1.06 a 37.8 b 2.34 a 19.1 a 210 b 0.40 b

Mean 25.16 1.10 95.4 2.18 18.2 561 0.42

CV (%) 24.3 9.37 43.7 9.4 10.8 48.7 8.9

Table 1. Density of established canola plants (DP), plant height (Height), shoot dry matter per plant (MSPA), dry matter of twenty 
siliques (MS20S), number of grains per silique (NGs), number of siliques per plant (NSpl), and 100-grain mass (M100G) of canola plants 
overseeded in two developmental stages of the soybean crop.

Means followed by different letters in the column differ significantly from each other by the Scott-Knott test at 5% of error probability, CV-coefficient 

of variation.
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the flowering period of the overseeding in R7 was smaller, 
and the meteorological conditions were better for 
pollination, with less rainy days (Figure 1).

The M100G variable was significantly higher in the 
canola plants overseeded on soybean in R5 (Table 1). 
However, although significantly higher, this difference of 
only 0.04 grams can be explained by a higher translocation 
of photoassimilates to a lower number of canola grains in 
the plants originated from the overseeding on soybean in 
R5, due to the absence of intraspecific competition, as a 
consequence of the low plant density. 

For the evaluation of yield, the means comparison test 
by orthogonal contrasts (Table 2) showed significance 
for a few contrasts only, probably due to the great 
plant density variability originated by the overseeding 
procedure performed manually and the probable greater 
spatial variability of the germination conditions of the 
canola seeds on the soil compared to the variability that 
occurs when the sowing is performed in planting rows.

When comparing the two overseeding times with the 
control treatment (Contrast 1), the analysis of variance by 
orthogonal contrasts indicated that there is no significant 
difference (Table 2), evidencing that the overseeding 
technique on soybean can be indicated and it shall not 
bring yield losses if the density of established plants is at 
least 36 Pl m-2.

Contrast 2 compared the yield for the overseeding in 
two developmental stages of the soybean crop (R5 and 
R7), registering best yields in the experimental units in 
which overseeding was performed when the soybean 
was in stage R7 (Table 2), with a higher value than the 
mean yield of 1,343 kg ha-1 of the state of Rio Grande do 
Sul in 2018 (CONAB, 2018). This yield was similar to that 
obtained in the control treatment, sown in rows right 
after the soybean harvest at the density of 3 kg ha-1, that 

is, 26 days after the canola overseeding performed when 
the soybean was in R7.

In contrasts 3, 4, and 5, which compared the different 
seed density treatments in the overseeding in R5 regarding 
the yield, with each other, there was no significant 
difference, which is explained by the low remaining 
population of canola plants after soybean harvest 
(Figure 5a) and the consequently lower IAF (Figure 5b) 
than in any of the seed densities distributed. The main 
cause of this drastic yield reduction was, therefore, the 
insufficiency in the availability of solar density below the 
soybean canopy for the canola overseeded on soybean 
in R5 (Figure 3), even if the availability of solar radiation 
measured outside the canopy was above 18 MJ m-2 day-1 
in 77% of the 12 days after the emergence of the plants 
(Figure 3), compromising the initial establishment of 
the canola crop due to the strong shading caused by the 
soybean canopy.

Contrast 6 indicated a significant difference (Table 
2), by which the comparison between the yield of the 
treatment with 3 kg ha-1 of canola seeds overseeded in 

Treatment GY (kg ha-1) C1 C2 C3 C4 C5 C6 C7 C8

3 kg R5 261 1 1 3 0 0 0 0 0

6 kg R5 332 1 1 -1 2 0 0 0 0

12 kg R5 348 1 1 -1 -1 1 0 0 0

18 kg R5 368 1 1 -1 -1 -1 0 0 0

3 kg R7 1,92 1 -1 0 0 0 3 0 0

6 kg R7 2,527 1 -1 0 0 0 -1 2 0

12 kg R7 2,722 1 -1 0 0 0 -1 -1 1

18 kg R7 2,548 1 -1 0 0 0 -1 -1 -1

Control 1,302 -8 0 0 0 0 0 0 0

Estimation 613.0 -8,407.3* -265.0 -53.0 -20.3 -2,037.3* -215.3 173.5

Table 2. Orthogonal contrasts for the grain yield (GY) of the canola crop overseeded on soybean in stages of beginning of grain filing and 
beginning of the physiological maturation of de culture at different seed densities and control treatment, Santa Maria, RS.

C1= contrast of the overseedings in R5 and R7 with the control; C2 = contrast between R5 and R7; C3= contrast of the treatment 3 kg R5 with 6, 12, and 18 
kg in R5; C4 contrast of the treatment 6 kg R5 with 12 and 18 kg in R5; C5 contrast of the treatment 12 kg R5 with 18 kg in R5; C6= contrast of the treatment 
3 kg R7 with 6, 12, and 18 kg in R7; C7 contrast of the treatment 6 kg R7 with 12 and 18 kg in R7; C8 contrast of the treatment 12 kg R7 with 18 kg in R7; * 
significant at 5% of error probability by the F-test. 

Contrast Estimation Scheffé 

Estimation

p - Value

X1 = T1+T2+T3+T4 – T9 974 1,089 0.110

X2 = T5+T6+T7+T8 – T9 1,128 1,089 0.038*

Table 3. Scheffé’s test for the grain yield of the canola crop (kg 
ha-1) overseeded on soybean in stages R5 and R7 at different seed 
densities and control treatment, sown 4 days after soybean har-
vest, in Santa Maria, RS.

T1 = 3 kg ha-1 in R5, T2 = 6 kg ha-1 in R5, T3 = 9 kg ha-1 in R5, T4 = 12 kg 
ha-1 in R5, T5 = 3 kg ha-1 in R7, T6 = 6 kg ha-1 in R7, T7 = 9 kg ha-1 in R7, 
T8 = 12 kg ha-1 in R7, T9 = control sown in row with 3 kg ha-1 of canola 
seeds after soybean harvest; * significant at 5% of error probability by 
Scheffé’s test.
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stage R7 of the soybean with the remaining densities 
overseeded in R7 showed to be inferior to the treatments 
with 6, 12, and 18 kg ha-1.

When compared the yields of the treatments 6 kg ha-1 
with 12 and 18 kg ha-1 and 12 kg ha-1 with 18 kg ha-1 with 
each other, in contrasts 7 and 8 respectively, no difference 
in yield was verified, thus allowing to recommend the 6 
kg ha-1 density as sufficient and adequate for the initial 
establishment of the canola crop when overseeding 
is performed in the R7 stage of the soybean crop, 
considering that there are proper moisture conditions 
for the germination of canola seeds. 

The sowing in R5 did not differ statistically from the 
control treatment when compared by Scheffé’s test at 
5% of error probability (Table 3). When comparing the 
overseeding in R7 with the control, the yield of R7 was 
significantly better due to the meteorological conditions 
of the flowering period, which favored fertilization 
and grain filling for the plants overseeded in R7. The 
overseeding in R7 allowed a time gain in the civil calendar 
since the harvest was performed on August 23, 2018, with 
approximately 156 days of total cycle, whereas the plants 
originated from the overseeding on soybean in R5 and 
the control were harvested on September 28, 2018, with 
approximately 212 and 166 days of the cycle, respectively, 
resulting in 36 days of real gain in harvest anticipation 
with the overseeding procedure performed on soybean 
in stage R7. This cycle duration was very similar to that 
found by Luz et al. (2012), who obtained a cycle duration 
of 162 days for the cultivar Hyola 433 sown on April 3, in 
Santa Maria, RS. 

The increase in the cycle of the canola overseeded in 
R5 can be attributed to the low competition with other 
canola plants since they were completely isolated in the 
plots. This condition induced the canola plants to emit 
more branches for a longer period, which prolonged the 
total cycle, resulting in a higher shoot dry mass and, 
consequently, a higher number of siliques per plant 
(Table 1). Therefore, the canola crop has the ability 
to establish and develop in the overseeding system 
when this practice is performed in the developmental 
stage R7 of the soybean crop. This finding has great 
agronomic and economic importance since it can allow 
the organization of the succession system from annual 
crops to eventual 5 cultivation cycles in two agricultural 
years, under favorable conditions, which is usually not 
possible with traditional sowing methods. Furthermore, 
the overseeding of canola on soybean could be one of 
the advantages to promote the cultivation of canola as a 
rotation option for winter cereals, in production systems.
Conclusions

Canola overseeding should not occur in the 
developmental stage R5 of the soybean crop or while the 

excessive shading caused by the soybean crop is within 
levels that inhibit the initial establishment of the canola 
plants.

Canola has the ability to establish and develop in the 
overseeding system when this practice is performed in 
the developmental stage R7 of the soybean crop.

The time gain of canola harvest in the civil calendar 
was 36 days in the canola overseeded on soybean in 
the R7 stage, which may allow the implantation of the 
subsequent crop with more antecedence, allowing the 
intensification of cultivation systems in agricultural 
enterprises. 

The best plant density of canola seeds to perform 
overseeding in Santa Maria, RS, was 6 kg ha-1, overseeded 
in stage R7 of the soybean crop.

The grain yield of the canola overseeded on soybean 
in stage R7 was higher than that of the canola sown in row 
right after soybean harvest, in Santa Maria, RS.
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REFERENCIAÇÃO

Crescimento e rendimento de grãos da canola 
sobressemeada à soja

A técnica da sobressemeadura possibilita o estabelecimento de uma cultura antes 
da colheita da cultura sobressemeada em final de ciclo. Visa aproveitar melhor as 
condições climáticas sazonais mais favoráveis e a intensificação dos sistemas de 
cultivo, podendo-se obter mais uma safra em menos tempo. Este trabalho teve 
como objetivo verificar se é possível estabelecer a canola em sobressemeadura nos 
estádios fenológicos de início do enchimento de grãos (R5) e início da maturação 
fisiológica da soja (R7) na região central do Rio Grande do Sul. O estudo foi realizado 
em clima Subtropical úmido, em Santa Maria, RS. Utilizou-se o delineamento 
blocos casualizados com 4 repetições, em esquema fatorial 4x2, para a densidade 
de sementes de Brassica napus na parcela (3, 6, 12 e 18 kg ha-1) e o estádio de 
desenvolvimento da cultura da soja (R5 e R7), além de uma testemunha adicional 
semeada em linha diretamente na palha logo após a colheita da soja (3 kg ha-1 – método 
padrão). Mensurou-se a densidade de plantas, os componentes de rendimento e a 
rendimento de grãos. A canola não se estabelece quando sobressemeada no estádio 
R5 da soja. Com a densidade de sementes de 6 kg ha-1 foi alcançada a densidade de 
plantas recomendada para a canola sobressemeada no estádio R7 da soja. Destacou-
se como melhor tratamento, a sobressemeadura de 6 kg ha-1 realizada no estádio R7 
da soja. 
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