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Abstract 

The use of herbicides to anticipate harvesting in species with easy seed dehiscence may be an 

alternative to avoid maturation losses. However, the appropriate time for herbicide application 

is extremely important as it prevents the seeds from remaining in the field for long periods. The 

objective of this study was to evaluate the efficiency of the application of maturing herbicides 

in two distinct seasons, and their effects on the physical, physiological, and sanitary quality of 

canola seeds. A randomized block experimental design arranged in a factorial scheme 

(herbicide x season + control) with four replications was used. Hybrid 50 canola plants were 

matured with the herbicides: glufosinate, paraquat, glyphosate, diquat, saflufenacil, 2,4-D, and 

paraquat + diuron twice during the crop cycle, G3 and G4, and two controls without application 

for each epoch, with the first being harvested the day of product application, and the second 

kept in the field until the final crop cycle. Analyses of one thousand seed weight, electrical 

conductivity, emergence speed index, and a sanity test were performed. The application of 

maturing herbicides to canola increases the one thousand seed weight and rate of emergence 

speed. At the same time, it increases electrical conductivity and the incidence of fungi. Plants 

that remained in the field until the end of the crop cycle and did not receive herbicide 
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application resulted in higher quality seeds. The most appropriate moment to apply maturation 

herbicides to canola is in the G4 season. 

Keywords: Brassica napus L. var. oleifera, anticipation of harvest, seed quality 

1. Introduction 

Canola (Brassica napus L. var. oleifera) is one of the most important crops in the world, mainly 

due to the potential for extracting oil from its seeds that has high economic and industrial value, 

being used for human consumption and also as raw material for the production of biodiesel. In 

addition, canola meal is used as a protein source in animal feed. Thus, canola cultivation is one 

of the most profitable, as well as important alternatives for winter cultivation (Tomm et al., 

2009). 

However, one of the most frequent problems that growers face after implantation of this crop is 

the high losses in the harvest from uneven plant maturity and canola silicon  (canola fruit, 

which varies in length, shape and color for each cultivar) dehiscence, which limit performance 

and present important challenges for the expansion of production (Neves, 2005). In this sense, 

the choice of the appropriate season for seed harvesting is one of the most important factors for 

obtaining high yields (Franco et al., 2013). 

Harvesting at the appropriate time, as close as possible to physiological maturity, is essential 

for the preservation of seed quality. However, in order to anticipate harvesting, it is necessary 

to use techniques that favor this procedure, as the closer to physiological maturity, the higher 

the water content of the seeds, and the plants have a large number of branches and green leaves, 

aspects that make harvesting unfeasible (Coelho et al., 2007). 

The use of maturing herbicides results in the rapid drying of all parts of the plant, allowing the 

harvest to be carried out in advance (Botelho et al., 2016; Kappes et al., 2012), as the seeds will 

reach the humidity indicated for harvesting in a shorter interval of time compared with those 

that experience water loss naturally. When applied properly, herbicides promote uniform 

maturation of plants, allow harvesting, reducing yield losses and also maintaining the physical, 

physiological, and sanitary quality of the seeds (Lamego et al., 2013). 

However, several aspects should be considered, among them, the correct timing of herbicide 

application, mode of action and dose used, and the possibility of product residues in the seeds 

(Lacerda et al., 2005; Kappes et al., 2009). These factors may compromise seed quality and, 

consequently, crop productivity (Franco et al., 2013). 

The use of herbicides for maturation in order to hasten harvesting has been studied in various 

crops, such as soybean (Pelúzio et al., 2008; Kappes et al., 2009; Daltro et al., 2010; 

Marcandalli et al., 2011; Botelho et al., 2016), beans (Kamikoga et al., 2009; Coelho et al., 

2012; Kappes et al., 2012; Pinto et al., 2014), and wheat (Bellé et al., 2014). However, there are 

few studies regarding the use of maturing herbicides to hasten harvesting in canola crops. 

The hypothesis of this study is that the applied herbicides differ in relation to their efficiency 

concerning the physical, physiological, and sanitary quality of canola seeds, and that applications 

at times closer to the physiological maturity of the crop cycle are the most appropriate. 
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The objective of this work was to study the efficiency of the application of maturing herbicides 

at two different times and their effects on the physical, physiological, and sanitary quality of 

canola seeds. 

2. Material and Methods 

This research was carried out in two stages, both at the Federal University of Fronteira Sul 

(UFFS), Erechim/RS. The first phase consisted of the installation of the experiment and 

application of the field treatments conducted in the experimental area, and the second phase 

was characterized by the physical, physiological, and sanitary analysis carried out in the 

Laboratory of Sustainable Management of Agricultural Systems during 2017 and 2018. 

The area used for canola sowing was previously managed with the herbicide glyphosate, at a 

dose of 1080 g ha-1 of acid equivalent, to eliminate existing vegetation. 

Correction of soil fertility was carried out along with canola sowing, and according to the 

physical–chemical analysis, followed by the technical recommendations for the crop (Rolas, 

2016), using 350 kg ha-1 of fertilizer with the formulation 05-20-20 (NPK). 

Each experimental unit (parcel) consisted of an area of 15 m² (5 m x 3 m), with sowing 

performed in the no-tillage system on 06/14/2017, using a six-row seeder/fertilizer with 0,5 m 

between rows, depth of 1–2 cm and density of 50 plants m-2. 

The experimental design used randomized blocks arranged in a 7 x 2 + 2 factorial scheme, with 

four replications. In factor A, the herbicides (ammonium glufosinate, paraquat, glyphosate, 

diquat, saflufenacil, 2,4-D, and paraquat + diuron) were allocated as described in Table 1. In 

factor B, the canola Hyola 50, with its two drying seasons (G3 - when the first ten main stem 

cells are more than 4 cm wide, and G4 - when the first ten main stem cells begin to mature) 

(Cordeiro et al., 1999), in addition to two unapplied controls, where one was collected on the 

day of application of the products and the second kept in the field until the final cycle for later 

harvest. 

Table 1. Herbicide treatments and their respective doses, used for the maturation of canola, 

hybrid Hyola 50. UFFS, Erechim, 2019  

Ingredient active Dose 

(g ha-1 de i.a or e.a) 

Commercial 
product 

Dose 

(L kg ha-1) 

Ammonium glufosinate 400 Finale 2,0 

Paraquat 400  Gramoxone 2,0  

Glyphosate 1440 Roundup original 3,0  

Diquat 400  Reglone 2,0  

Saflufenacil 49  Heat  0,07  

2,4 – D 806 DMA 806 BR 1,0  

Paraquat + diuron 400+200  Gramocil 2,0  

The products were applied with a CO2 pressure pressurized precision sprayer equipped with 
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four DG 110.02 spray heads, under a constant pressure of 200 kPa and a displacement velocity 

of 1,0 m s-1, with a flow of 150 L ha-1 of herbicide syrup. 

Harvesting of each experimental unit was carried out seven days after herbicide application in 

each season, and was performed manually using pruning shears, and only the plants of the two 

central lines of each plot were harvested when 40–60% of the seeds of the main branch began 

to change from green to brown, that is, reaching a maximum of 18% moisture in the field. After 

harvesting, the plants were packed in paper bags and then subjected to oven drying with forced 

air circulation and a temperature of 35 °C until reaching 9–10% humidity. This same operation 

was carried out for the controls that were harvested on the same date of application of the 

maturing herbicides. 

The other control treatments were collected when the seeds presented in the field and the water 

content was approximately 18%, that is, when the crop cycle was completed. 

After the drying of all the treatments and the manual threshing of the silicon to obtain the seeds, 

the second stage of this study started in the Laboratory of Sustainable Management of 

Agricultural Systems of UFFS, Campus Erechim. For the determination of the physical, 

physiological, and sanitary quality of the seeds, the following analyses were carried out: 

One thousand seed weight: this was performed by counting eight replicates of 100 seeds per 

treatment, weighed separately in an analytical balance. The mean result was multiplied by ten 

and expressed in grams (Brasil, 2009). 

Electrical conductivity: The seeds were initially subjected to a pre-treatment of disinfestation 

in 70% alcohol for 1 minute. Then they were placed in sodium hypochlorite in the 

concentration of 2.5 (v / v), for 15 minutes, being subsequently subjected to rinses in distilled 

and autoclaved water.Four samples of 50 seeds were used for each treatment. The samples 

were weighed on a precision scale and then placed in glass beakers containing 50 mL of 

distilled water and kept in BOD (Biochemical Oxigen Demand) at 25 ºC for 24 h, according to 

the method described by AOSA (2002). After this period, the electrical conductivity was 

determined by reading in a digital conduit meter, DIGIMED, with results expressed in μS cm-1 

g-1. 

Index of emergence velocity (IVE): this was conducted in a sterile sieved sand substrate (two 

autoclaves at 120 °C ± 1 atm, with an interval of 24 h), with four replicates of 50 seeds per 

treatment. The evaluations were performed daily by counting the number of seedlings that 

showed visible cotyledonary leaves. At the end of the test, with the daily data on the number of 

emerged seedlings, the rate of emergence (IVE) was calculated according to the equation 

proposed by Maguire (1962): 

IVE = (G1/N1) + (G2/N2) + ... + (Gn/Nn), wherein: 

IVE = Emergence speed index 

G = number of normal seedlings counted daily 

N = number of days of sowing at 1st, 2nd ... n evaluation. 
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Sanity test: this involved a blotter test with freezing, using 200 seeds of each treatment, 

distributed in four replicates of 50 seeds in boxes of the gerbox type, on two sheets of sterilized 

germitest paper and moistened with distilled water in the ratio of 2.5 times the dry paper weight. 

The seeds were initially incubated in a germination chamber at 20 ± 2 °C and a photoperiod for 

12 h light for 24 h dark and then transferred to the freezer at −20 °C for 24 h. Subsequently, the 

seeds were again subjected to incubation in a germination chamber at 20 ± 2 °C and 

photoperiod of 12 h light/ 12 h dark for five days, and at the end of that period, the incidence of 

fungi present in the samples was evaluated through stereoscopic and optical microscopy. Fungi 

were identified at the genus level, according to specialized literature (Henning, 2015). 

Data were submitted to analysis of variance by the F test, and when a significant effect was 

detected, the variables were compared by the Tukey test (p < 0.05). The analyses were 

performed using the statistical software Winstat – version 2.11. 

3. Results and Discussion 

Significant interactions were observed for all variables studied in all tested treatments 

(herbicides x times). The treatment that was most successful in the one thousand seed weight in 

the two application times was the additional control, that is, the one that was kept in the field 

until the end of the cycle, with natural maturation, without the use of herbicides. This result 

shows that the time of application of the desiccants, the different mechanisms of product 

actions and even environmental factors tend to influence the quality of the seed (Table 2). On 

the other hand, comparing the herbicide treatments with each other within each season, it can 

be noted that diquat and saflufenacil showed the best results in both seasons. 

The 2,4-D and paraquat provided inferior results in comparison to the other treatments in the 

first season of herbicide application. The control, ammonium glufosinate, paraquat, and 

paraquat + diuron, in the second season of application, showed the lowest values of the one 

thousand seed weight. The reduction of the one thousand seed weight in the first season of 

application of the herbicides may be related to a greater humidity at the moment of application. 

In relation to the treatments, the mode of action of the product, the phenological stage of the 

crop, and the phytotoxicity caused by the herbicide may have been the cause of the difference 

in the results for the variable weight of one thousand seeds. 

Kamikoga et al. (2009) did not find a significant difference between treatments, when applying 

different maturing herbicides in a bean culture at 28 and 43 days after flowering, for the one 

thousand seed weight. However, Santos et al. (2004), when applying carfentrazone-ethyl in the 

preharvesting of bean, verified that the one thousand seed weight was affected by the 

application time and also by the herbicide dose, with smaller increments in the higher doses 

used. The application of paraquat or the mixture of paraquat + diquat on the common bean did 

not affect the one thousand seed weight (Domingos et al., 2001). 
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Table 2. Weight of thousand (g) in Hyola 50 hybrid canola seeds as a function of treatments 

application and maturation times 

Treatments 
Dose  

(g ha-1 de i.a or e.a) 

Time of application 

G3 G4 

Control ---    2,85 cdeA1 2,74 dA 

Ammonium glufosinate 400  2,82 deA  2,90 cdA 

Paraquat 400 2,71 eA  2,80 cdA 

Glyphosate 1440   2,94 bcdA  2,94 bcA 

Diquat 400  3,01 bcB      3,10 bA 

Saflufenacil 49 3,07 bA      3,11 bA 

2,4-D 806 2,69 eB  2,94 bcA 

Paraquat+diuron 400+200   2,84 cdeA  2,90 cdA 

Testemunha adicional --- 4,05 aB      4,87 aA 

Average overall --- 3,07 

CV (%) --- 2,54 

1 Means followed by the same lowercase letter in the column and upper case in the row do 

not differ significantly from each other by the Tukey test (p ≤ 0.05). 

The values of the weight of one thousand bean seeds increased over the days after sowing and 

application of diquat herbicide, coinciding with the maturation process of the seeds (Franco et al., 

2013). Cechinel (2014), evaluating the effect of maturing herbicides with different active 

ingredients and mechanisms of action on wheat seed yield, concluded that the one thousand seed 

weight was not affected by glufosinate ammonium, flumioxazin, and carfentrazone-ethyl and 

their different doses, but the time of cultivation had an effect on the one thousand seed weight. 

It was observed that in the two application times, the additional control presented a lower 

electrical conductivity value in relation to the other treatments (Table 3), demonstrating, in this 

case, seeds of greater vigor, as the lower the electrical conductivity, the higher the seed quality. 

According to Gonzales et al. (2009), the high electrical conductivity results in higher leachate 

output (cellular constituents) of the seed resulting in deterioration and loss of vigor. 

Besides the two controls, the herbicides ammonium glufosinate and paraquat stood out in the 

first season of application., that is, they resulted in more vigorous seeds, compared to the other 

treatments with herbicides.  In the second period, in addition to the additional control, there 

was lower electrical conductivity when ammonium glufosinate and saflufenacil were used. On 

the other hand, it was observed that when the 2,4-D was used, the canola seeds lost their vigor, 

regardless of the application period, which explains the most pronounced values in the 

electrical conductivity test. Because it is a systemic herbicide, it may have affected the integrity 

of the seed membranes. Marcandalli et al. (2011) evaluated the effect of herbicide application 

on different reproductive stages of soybean, observing that the physiological quality of the 

seeds obtained after application of glyphosate and paraquat, showed higher values of electrical 

conductivity, evidencing that they were seeds of lower vigor and quality. 
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Table 3. Electrical conductivity (μs cm-1 g-1) in Hyola 50 hybrid canola seeds as a function of 

treatments and maturation times 

Treatments 
Dose  

(g ha-1 de i.a or e.a) 

Time of application 

G3 G4 

Control  ---  107,82 fgB1  698,11 cA 

Ammonium Glufosinate 400 144,78 efB 305,02 fA 

Paraquat 400 158,19 eB    1289,45 bA 

Glyphosate 1440 237,70 dB 443,54 dA 

Diquat 400 419,58 cB 669,83 cA 

Saflufenacil 49 358,68 cA 318,18 eB 

2,4-D 806 662,94 aB    1411,91 aA 

Paraquat+diuron 400+200 558,16 bA 433,32 dB 

Testemunha adicional ---   95,69 gA   67,45 gB 

Average overall --- 467,08 

CV (%) ---     4,06 

1 Means followed by the same lowercase letter in the column and upper case in the row do 

not differ significantly from each other by the Tukey test (p ≤ 0.05). 

The same situation occurred in the research conducted by Botelho et al. (2016) who, when 

evaluating the effect of the application of maturing herbicides at different times on the 

physiological quality of soybean seeds after six months of storage, found that, regardless of the 

product used, the electrical conductivity values were higher than those of the control, 

demonstrating that the herbicides may interfere with the integrity of the membranes, directly 

affecting seed vigor. 

The application of paraquat favored the physiological quality of bean seeds when evaluating 

electrical conductivity, compared with the seeds of plants that did not receive herbicide 

application (Coelho et al., 2012). In evaluating the effect of application times and herbicides on 

the productivity and physiological quality of bean seeds, Assis et al. (2019) observed that the 

ripening herbicides application on the plants positively affected seed vigor in the evaluation of 

electrical conductivity.  

The herbicides paraquat, diquat, and paraquat + diquat had no effect on the electrical 

conductivity of soybean seeds (Lacerda et al., 2005). Marchiori et al. (2002), applied 

ammonium glufosinate, carfentrazone-ethyl, paraquat, and diquat to canola crops, and did not 

verify any effect on the electrical conductivity, which does not corroborate with the present 

study, with the exception of ammonium glufosinate that presented satisfactory results. 

Regarding the rate of emergence (Table 4), regardless of the season of application of the 
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products, the use of diquat excelled in relation to the other treatments, resulting in a larger 

number of seedlings emerging on the substrate. However, the control and 2,4-D herbicide 

caused the lowest rates of emergence in the two application periods, demonstrating the 

inefficiency of this product for application to canola plants. When comparing the times 

between them, it was observed that G4 presented the highest rates of emergence speed in all 

treatments, and except for the application of ammonium glufosinate, where the use of G3 was 

better than in the second season of application. 

Table 4. Hyola 50 Hybrid canola seed emergence speed index as a function of treatments and 

maturation times 

Treatments 
Dose  

(g ha-1 de i.a or e.a) 

Time of application 

G3 G4 

Control ---    0,00 gB1  2,31 eA 

Ammonium Glufosinate 400 18,07 cA  7,93 dB 

Paraquat 400   3,43 efB 13,04 cA 

Glyphosate 1440    6,30 deB 24,31 bA 

Diquat 400 30,69 aB 40,04 aA 

Saflufenacil 49    2,53 fgB 26,51 bA 

2,4-D 806    2,90 fgA   1,07 eA 

Paraquat+diuron 400+200   6,82 dB 25,21 bA 

Testemunha adicional --- 25,64 bA 25,32 bA 

Average overall --- 14,56 

CV (%) ---   8,96 

1 Means followed by the same lowercase letter in the column and upper case in the row do 

not differ significantly from each other by the Tukey test (p ≤ 0.05). 

According to Assis et al. (2019) the emergence results of seedlings in sand substrate may be 

considerably lower than those obtained in the laboratory germination test because, unlike the 

emergence test, which is conducted under sometimes unfavorable conditions. In the test of 

germination, the conditions of humidity, temperature, and substrate are adequate and allow 

expression of the maximum production potential of normal seedlings. Franco et al. (2013), 

concluded that the application of diquat on the common bean did not affect the seedling 

emergence rate index. 

The use of paraquat, diquat, and the mixtures paraquat + diquat and paraquat + diuron, for 

soybean seed production, did not present significant changes in physiological potential (Daltro 

et al., 2010). The control treatment, without the use of herbicides, provided soybean seeds with 

a higher IVE when compared to those undergoing the application (Kappes et al., 2009).  

Assis et al. (2019) verified a negative effect of ripening herbicides on cowpea plants’ rate of 

emergence in relation to the control treatment. However, Kappes et al. (2012) observed that 

when 200 and 600 g ha-1 of paraquat were applied to beans at 30, 35, and 40 days after 
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flowering, it favored rapid seed emergence. 

In a study conducted by Marchiori et al. (2002), with the objective of evaluating the effect of 

application of maturing herbicides on productivity and the physiological and sanitary quality of 

canola seeds, they concluded that the application of the herbicides ammonium glufosinate, 

carfentrazone-ethyl, paraquat, and diquat did not affect IVE. 

In relation to the incidence of pathogens in canola seeds, fungi Fusarium spp. (Table 5) and 

Penicillium spp. (Table 6) were present in both seasons and treatments used. In general, it was 

noticed that there was an increase in the incidence of the mentioned fungi at the second time of 

herbicide application. 

Table 5. Incidence of Fusarium spp. (%) in Hyola 50 hybrid canola seeds as a function of 

treatments and maturation times 

Treatments 
Dose  

(g ha-1 de i.a or e.a) 

Time of application 

G3 G4 

Control ---   31,00 cB1 75,00 bA 

Ammonium Glufosinate 400   27,00 
cdB 

51,00 dA 

Paraquat 400 63,50 aB 75,00 bA 

Glyphosate 1440 51,00 bB 84,00 aA 

Diquat 400 51,00 bA 49,00 dA 

Saflufenacil 49 31,50 cB 62,00 cA 

2,4-D 806   24,50 
deB 

71,75 bA 

Paraquat+diuron 400+200 25,50 dB 46,50 dA 

Testemunha adicional --- 20,00 eA 10,75 eB 

Average overall --- 47,22 

CV (%) ---   4,34 

1 Means followed by the same lowercase letter in the column and upper case in the row do 

not differ significantly from each other by the Tukey test (p ≤ 0.05). 

It was observed that in relation to the incidence of Fusarium spp. the treatments that caused the 

highest indices of this pathogen were paraquat, glyphosate, and diquat in the first season of 

application and glyphosate, paraquat, and 2,4-D in the second season, besides the control. 

In both application periods (G3 and G4), the additional control showed the lowest rates of 

pathogens infecting the seeds. When comparing the two seasons, it was observed that a lower 

incidence of Fusarium occurred when applying treatments in the G3 season, except for the 

additional control. According to these results, it was observed that the more hasten the 

application of the herbicides in the plants, the lower the incidence of fungi, generally because 

the pathogen penetrates the flower, and therefore, infection was higher in the second 

application period (G4). 
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According to Reis and Casa, (2007) Fusarium spp. attacks all winter crops, being frequent in 

regions where there are prolonged periods of rainfall (more than 48 hours), and average 

temperatures during the rainy season above 20 ºC after flowering. According to the 

meteorological data (Inmet, 2018), during the period of canola cultivation in the 2017 harvest, 

the ideal conditions for the occurrence of this pathogen, frosts and intense rains were combined 

with temperature changes. Infections caused by Fusarium spp. can affect both the physical and 

physiological aspects of seeds, including their size, weight, composition, and quality (Mertz, 

2009). 

Table 6. Incidence of Penicillium spp. (%) in Hyola 50 hybrid canola seeds as a function of 

treatments and maturation times 

Treatments 
Dose  

(g ha-1 de i.a or e.a) 

Time of application 

G3 G4 

Control --- 45,00 aA1 26,00 bcB 

Ammonium Glufosinate 400 9,25 eA 8,50 eA 

Paraquat 400      5,00 fB     36,75 aA 

Glyphosate 1440    11,50 eB     22,75 cA 

Diquat 400 9,00 eB     13,00 dA 

Saflufenacil 49    20,00 cB     28,75 bA 

2,4-D 806    16,00 dA      5,00 eB 

Paraquat+diuron 400+200      3,25 fB     27,00 bA 

Testemunha adicional ---    24,00 bB     27,75 bA 

Average overall --- 18,80 

CV (%) ---   9,24 

1 Means followed by the same lowercase letter in the column and upper case in the row do 

not differ significantly from each other by the Tukey test (p ≤ 0.05). 

The fungus genotypes that infected soybean seeds after maturation of the plants with paraquat, 

diquat, and paraquat + diquat were Phomopsis spp., Fusarium spp., and Penicillium spp. in all 

herbicide application times (Lacerda et al., 2005). In a study by Cechinel (2014), the 

application of maturing herbicides in the preharvesting of wheat seeds did not affect the 

incidence of Fusarium graminearum, regardless of the dose and the time applied. 

Silva et al. (2008), when evaluating the physiological and sanitary quality of bean seeds, found 

evidence of the incidence of Fusarium spp. in eight of the nine cultivars tested. According to 

the authors, this is a worrying finding since this pathogen has the capacity to survive in soil and 

be disseminated through contaminated and/or infested seeds. 

The time of application of herbicides at maturation has an effect on the potential for fungal 

infection, and this potential increases when applied before the physiological maturity of the seeds 

(Fonseca, 1984). According to Smiderle and Dias, (2011) the presence of fungi in the seed coat is 

the main factor for low germination levels when evaluated under laboratory conditions. 
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According to the incidence of Penicillium spp., it was observed that the control, at the time G3, 

stood out compared to the other treatments, presenting the highest infection rates of this fungus 

in canola seeds (Table 6). In the second season, the herbicide paraquat showed the highest 

incidence. When applying the mixture of paraquat + diuron and paraquat, in the first season of 

application, the lowest incidence of Penicillium spp. occurred. In the second period, the use of 

ammonium glufosinate and 2,4-D showed the lowest rates. 

Treatments involving the control and 2,4-D were those that presented the lowest rates of 

Penicillium spp. when they were used in G4, the others were larger than those applied in G3. 

This can be explained by the fact that this pathogen affects the seed at the end of the crop cycle, 

that is, when it is entering physiological maturity, demonstrating that the earlier the application 

of herbicides, the lower the incidence of fungi. 

The application of paraquat and paraquat + diquat had a positive effect on the sanitary quality 

of bean seeds, evidencing a low effect of fungi attacking the seeds (Domingos et al., 2001). 

However, Lacerda et al. (2003) observed lower rates of Penicillium spp. in the absence of 

herbicide application compared to soybean seeds that received treatment. 

The use of saflufenacil as a preharvest breeder of azuki bean seeds did not affect the incidence 

of Penicillium spp. infecting the seeds (Tavares et al., 2015). This pathogen is considered a 

storage fungus, and in addition to deteriorating the seeds, can also produce mycotoxins that are 

toxic to humans, animals, and plants (Riverberi et al., 2010). 

The presence of the genus Penicillium spp. is indicative of the deterioration of seeds, both 

cereals and oilseeds, promoting embryo damage, discoloration, nutritional changes, and loss of 

dry mass (Miller, 1995). The presence of fungi in the seeds is indeed worrying, considering the 

damage that can be caused by them. It is also worth mentioning that fungi associated with seeds 

transmit diseases to the aerial and root parts of the plant that cause losses in productivity, 

decreases in the physiological quality of seeds, and seedling death (Torres and Bringel, 2005). 

Regardless of the maturation herbicides used in this study, the time of application that 

presented the highest results in all evaluated variables and a higher incidence of pathogens was 

G4, that is, phase in which the canola plants are entering the physiological maturation and 

ending their cycle. 

It can be observed that the increase in the incidence of fungi in the seeds in the G4 season may 

be related to the results observed in the variable electrical conductivity (Table 3), where it was 

found that the applied herbicides impaired the integrity of the seed membranes and could have 

facilitated the entry of pathogens. 

It is possible to carry out the application of maturing herbicides in the canola crop, and the most 

appropriate time corresponds to eight days before the normal harvest period (Silva et al., 2011). 

Knowledge of the appropriate season for the application of herbicides aiming at the 

anticipation of the harvest is of fundamental importance to obtaining a maximum amount of 

viable seeds, as well as avoiding the quality of seeds and productivity being affected (Kappes et 

al., 2009; Santos et al., 2004). 
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On the other hand, it is necessary to know the products that will be applied to the crops, their 

mechanisms of action, their effects on production, germination and vigor of the seeds, as well 

as verifying the possibility of the presence of residues in the material (Lacerda et al., 2005). It 

should be noted that for the canola crop, the technical information related to the use of 

preharvest herbicides and the effect of these products on seed quality is scarce. 

4. Conclusion 

The additional control, harvested at the end of the crop cycle, and without herbicide application, 

provides the highest physical, physiological, and sanitary quality of canola seeds. The use of 

herbicides in the second season of application increases the one thousand seed weight and rate 

of emergence, but it increases the electrical conductivity and incidence of fungi. It is feasible to 

apply the herbicide diquat to anticipate maturation of the canola crop. The use of the 2,4-D 

herbicide for canola maturation adversely affects the physical and physiological quality of the 

seeds. There is the possibility of the use of maturing herbicides in the canola crop and the most 

appropriate moment for their use is in the G4 season. Applications prior to the established 

period bring losses to seed quality. 
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