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Abstract 

This study evaluates whether the initial application of pendimethalin can increase the efficiency of ioxynil and 
ACCase inhibitor treatments in controlling weeds in direct seeding onion. The experiment was carried out in a 
commercial field in Ituporanga city, Santa Catarina State, Brazil. The onion cultivar Bola Precoce was used. The 
experimental design was in randomized blocks, in a factorial scheme (2 x 3) + 1, with four replications. Treatments 
consisted of pendimethalin application in the initial stage (0 or 600 g ha-1), three treatments based on ioxynil and 
ACCase inhibitors, sprayed at postemergence (ioxynil + clethodim (formulated as Select®); ioxynil + fluazifop; and 
ioxynil + clethodim (formulated as Poquer®)), and a weeded control. Pendimethalin was sprayed immediately after 
onion crop establishment, and postemergence treatments were sprayed when the onion had 3 and 4 leaves (two 
sequential applications). The following were evaluated: control of Lolium multiflorum, Coronopus didymus, and 
Galinsoga parviflora, plant stand, bulb diameter, bulb weight, and total bulb yield. All treatments reached 100% 
control of L. multiflorum. All treatments were ineffective in controlling C. didymus and G. parviflora; however, the 
control of these weeds increased after pendimethalin application. The chemical treatments tested did not negatively 
influence any of the studied onion crop variables. There was a significant difference only for pendimethalin 
application in the initial stage, which significantly favored the variables under study. Pendimethalin application in the 
initial onion stage improved weed control and helped in maintaining bulb yield in direct seeding onion. 

Additional keywords: Allium cepa, bulb yield, chemical control of weeds. 
 
Resumo 

O objetivo desta pesquisa foi avaliar se a aplicação inicial de pendimethalin pode aumentar a eficiência de trata-
mentos à base de ioxinil e inibidores de ACCase no controle de plantas daninhas em cebola de semeadura direta. 
O ensaio foi realizado em área comercial localizada em Ituporanga, SC. A cultivar Bola Precoce foi cultivada em 
sistema de semeadura direta. O delineamento experimental foi em blocos casualizados, organizados em esquema 
fatorial (2 x 3) + 1, com quatro repetições. A interação entre a aplicação de pendimethalin na fase inicial (0 ou 600 
g ha-1) com três tratamentos à base de ioxinil e inibidores de ACCase pulverizados em pós-emergência (ioxinil + 
cletodim (formulado como Select®), ioxinil + fluazifop e ioxinil + clethodim (formulado como Poquer®)). O 
pendimethalin foi pulverizado imediatamente após o estabelecimento da cebola e os tratamentos pós-emergência 
foram pulverizados quando a cebola tinha 3 e 4 folhas (duas aplicações sequenciais). Avaliou-se o controle de 
Lolium multiflorum, Coronopus didymus e Galinsoga parviflora, estande, diâmetro do bulbo, peso do bulbo e 
produção total de bulbos. Todos os tratamentos alcançaram 100% de controle de L. multiflorum. Para C. didymus 
e G. parviflora, todos os tratamentos testados foram ineficientes no controle, porém, foi aumentado nos tratamentos 
a partir da aplicação de pendimethalin. Os tratamentos químicos testados não influenciaram negativamente 
nenhuma das variáveis estudadas da cultura da cebola, foi observada diferença significativa apenas para a 
aplicação de pendimethalin na fase inicial, o que favoreceu significativamente essas variáveis. A aplicação do 
pendimethalin na fase inicial da cebola contribuiu para o melhor controle de plantas daninhas e para a manutenção 
da produtividade de bulbos em cebola de semeadura direta. 

Palavras-chave adicionais: Allium cepa, controle químico de plantas daninhas, produção de bulbos. 
 
Introduction 

 
Onion (Allium cepa) is the third vegetable in 

economic importance and in quantity produced in Brazil 
(Weingartner et al. 2018). The south region of the 

country is the largest producer of onion, with 803,703 t 
(IBGE, 2018), accounting for 41% of the planted area in 
Brazil (Hortifruti Brasil, 2019). Santa Catarina State 
stands out as the largest national producer, with an area 
of 18,960 ha, average yield of 25,586 kg ha-1, and total 
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production of 485,122 t in the 2018/2019 harvest 
(EPAGRI/CEPA, 2019). 

Weed problems affect direct seeding onion 
growing fields in the Alto Vale do Itajaí region. Although 
herbicides are available for this crop, most of them are 
selective for seedling-transplanted plots, with little 
availability of herbicides intended for use in direct 
seeding systems (AGROFIT, 2020). Seedling trans-
planting has been adopted for many years in the region 
and is the predominant model. However, for onion 
production, due to high production costs and shortage 
of labor in the region, this system has been replaced by 
the direct seeding system. One of the major current 
difficulties is that direct seeding onion is more sensitive 
to weed interference than transplanted onion (Costa, 
2007). 

Another critical point for onion direct seeding is 
that the sensitivity of this crop to herbicides correlates 
with its development stage. Young plants, with less than 
three leaves, suffer from weed interference; however, 
chemical control during this period causes high 
phytotoxicity. This injury reduces plant stand and, con-
sequently, bulb yield (Cavalieri, 2011). 

Thus, this study evaluates the selectivity of the 
initial application of pendimethalin and whether this 
application improves the efficiency of treatments with 
ioxynil and ACCase inhibitors applied in the post-
emergence (POST) of direct seeding onion. 

  
Material and methods 

 
The experiment was carried out in Ituporanga 

city, Santa Catarina State, Brazil (27° 23' 39.84" S 
latitude, 49° 38' 44.51" W longitude, and altitude of 
420 m), from June to December 2017. According to the 
Köppen-Geiger classification, the climate is Cfa (humid 
subtropical). Average annual temperature is 19.1 °C, 
and average annual rainfall is 1,530 mm (Catoni et al., 
2012). Soil chemical analysis showed a pH(water) of 5.8; 
H + Al = 4.5 cmolc dm-3; K = 294.0 mg dm-3;                       

Ca = 8.0 cmolc dm-3; Mg = 2.6 cmolc dm-3; 
P = 19.5 mg dm-3; O.M. = 6.3%, 71.61% base satura-
tion; and 380 g kg-1 of clay.  

The onion cultivation system used in the ex-
periment was direct seeding. The soil was prepared 
about 40 days prior to the experiment with subsoiler, 
being leveled with a harrow 3 days before sowing. Initial 
fertilization consisted of the application of 320 kg ha-1 of 
05-20-20 NPK fertilizer and 1.4 t ha-1 of limestone, with 
incorporation through a leveling harrow. Topdressing 
consisted of the applications, at 35 and 120 days after 
sowing (DAS), of 20 and 45 kg N ha-1, respectively, 
using urea as the nitrogen source. Harrow leveling was 
performed to improve the efficiency of the pneumatic 
seeder. The onion cultivar used was 'Bola Precoce'. The 
cultivar was sown at a spacing of 0.3 m, with a plant 
population of 425 thousand plants ha-1. 

The experiment was conducted in a random-
ized block design, with treatments arranged in a factorial 
scheme (2 x 3) + 1. We tested the combinations of the 
initial application of pendimethalin (0 or 600 g ha-1 a.i.) 
with the applications of ioxynil + clethodim (Select® 
formulation - 125 + 96 g ha-1 a.i.), ioxynil + fluazifop   
(125 + 250 g ha-1 a.i.), and ioxynil + clethodim (Poquer® 
formulation - 125 + 96 g ha-1 a.i.) at postemergence 
(POST). ACCase-inhibiting herbicides were selected 
considering their register for the crop and their regional 
availability. Postemergence treatments were applied 
twice. In the first application, the onion had three leaves; 
in the second, it had four leaves. The additional 
treatment consisted of a weeded control. In total, seven 
treatments were evaluated, with four replications. The 
experimental units had a total area of 6 m2 (2 x 3 m). 

Treatments were applied with a CO2-pressur-

ized backpack sprayer equipped with a bar with four 

TT110015 flat spray nozzles spaced 0.5 m apart, with a 

constant pressure of 207 kPa and a displacement rate 

of 3.6 km h-1. These operating conditions provided an 

application rate equivalent to 150 L ha-1. The details of 

the applications are shown in Table 1. 

Table 1 - Dates, plant stage and weather conditions at the time of application of treatments.  

POST – postemergence; *According to scale adapted by Wordell Filho (2006). C-whip, D-3 true leaves, E-4 true leaves.  
 

For pendimethalin application, the plants were 

visually assessed prior to the first postemergence 

application. Subsequent control assessments were 

performed at zero, 15, and 30 days after the second 

postemergence application (DASA). The evaluated 

species were: ryegrass (Lolium multiflorum), swinecress 

(Coronopus didymus), and smallflower (Galinsoga 

parviflora). The assessments consisted of assigning 

scores ranging from 0 to 100%, with zero representing 

the absence of control and 100 representing plant 

death. 
Harvesting was done on November 9, 2017, in 

 Pendimethalin application 1st POST 2nd POST 

Date 7/3/2017 7/31/2017 8/21/2017 

Time 17h00 17h15 17h00 

Stage of onion 1 leaf 3 leaves 4 leaves 

Weed Not emerged 8 leaves or 2 tillers 4 to 6 leaves 

Temperature 20 °C 22 °C 16.2 °C 

Relative humidity 55% 63% 57% 

Wind 1.0 km h-1 0.4 km h-1 0.5 km h-1 

Phenological stage* C D E 
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one meter of two central rows (0.6 m2). After harvesting, 
the bulbs were cured for 2 weeks. Subsequently, the 
following were evaluated: plant stand (throughout two 
meters), average bulb diameter (measured in 10 bulbs 
per plot), average bulb weight (ratio between the mass 
and the number of bulbs harvested), total bulb yield 
(expressed in t ha-1). The bulbs were not classified due 
to the occurrence of Iris yellow spot virus (IYSV), which 
affected their growth. 

Analysis of variance was performed and the 
degrees of freedom of the interaction were unfolded for 
all the evaluated characteristics, even when the F Test 
was not significant. The means were compared using 
the Tukey test. The mean of the control without herbi-
cide was compared with those of the herbicide treat-

ments by the Dunnett test. All analyses were performed 
at a 5% significance (p < 0.05). 

 
Results and discussion 

 
Pendimethalin application during onion estab-

lishment in direct seeding system improved weed con-
trol (Table 2). The assessment conducted before the 
first POST application showed a general control of 49%, 
being superior to the control without pendimethalin. 
However, it is noteworthy that this level of control is 
unsatisfactory and was lower than that of the weeded 
control. The initial control of weeds, before the plant 
emits the second leaf, is fundamental to avoid their 
interference (Dunan et al., 1996). 

 
Table 2 - Evaluation of general weed control on the day of the first post-emergence application.  

Pendimethalin General control (%) 

0 g ha-1 0 b * 
600 g ha-1 49 a * 
Weeded control 100 

CV (%) 29,11 

Means followed by the same letter do not differ by Tukey's test (p> 0.05). * differs significantly from the weeded control 
by Dunnett's test (p <0.05).  

 
The residual activity of an herbicide is mainly a 

function of soil persistence and mobility. Herbicides 
applied to the soil surface are often lost, especially if 
there is lack of moisture after application (Silva et al., 
2007). Losses due to photodegradation can also occur. 
Other factors that may interfere with herbicide activity 
are volatilization, accentuated by increased soil tem-
perature; chemical and biological degradation; and 
sorption. These are the main processes that eliminate 
herbicides from the soil (Monqueiro et al., 2012). 

In this study, organic matter content was 6.3%, 
a high value in comparison to the regional reality. 
Increasing the pendimethalin dose in this case could 
improve weed control, as well as prolong the residual 
period. On the other hand, an increase in the dose could 
lead to a high phytotoxicity of onion plants and thus the 
herbicide would not be selective for the crop. When 
using pendimethalin in the pre-emergence of castor 
bean, Silva et al. (2012) reported that the increase in the 
pendimethalin dose affected shoot and root dry matter; 
nonetheless, an increase in organic matter increased 
herbicide sorption into the soil, which mitigated its 
phytotoxic effect. 

The tolerance of onion to herbicides under 
direct seeding depends on the cultivar, phenological 
stage, and herbicide. When studying the herbicide 
flumioxazin, Melo et al. (2019) observed that phytotoxi-
city varied as a function of the onion cultivar and the 
environment. Regarding the phenological stage, the 
authors observed that as the onion develops and the 
leaf wax increased, the phytotoxicity caused by flumi-
oxazin decreased. 

Table 3 shows the results of the efficiency of 
treatments in controlling ryegrass (L. multiflorum), 
swinecress (C. didymus), and smallflower (G. 

parviflora). For ryegrass, treatments with the herbicide 
clethodim, regardless of formulation, showed superior 
control to treatments with fluazifop at 0 and 15 DASA. 
These results corroborate the study by Cesarin et al. 
(2013), who indicated that clethodim formulations were 
highly efficient in controlling different species of the 
Poaceae family. However, in the last evaluation, per-
formed at 30 DASA, all treatments provided total control 
of ryegrass. 

In general, ryegrass has a greater capacity for 
interference than small-sized crops with reduced leaf 
area for radiation interception, such as onions and garlic 
(Soares et al., 2003). Two characteristics contribute to 
put crops at an advantage over weeds: tolerance (ability 
to maintain yield) and suppression (ability to reduce 
weed growth) (Carvalho et al., 2011). Onion does not 
have either a good tolerance or a good suppression, 
thus being the crop with the largest yield losses when 
subjected to coexistence with weeds. This shows the 
need for controlling ryegrass at the beginning of onion 
development, considering its very slow initial growth and 
low competitive ability. 

Acetyl-CoA carboxylase (ACCase)-inhibiting 
herbicides are recommended for control of Poaceae 
species. Within this mechanism of action, aryloxyphe-
noxypropanoates (FOPs) (e.g., fluazifop) and cyclo-
hexanediones (DIMs) (e.g., clethodim) are widely used 
because they are selective in non-Poaceae postemer-
gence applications (Kukorelli et al., 2013). 

The enzyme ACCase, target of these herbi-
cides, can present itself in either a homodimeric or 
heterodimeric form. Magnoliopsida species have 
heterodimeric forms in plastids and homodimeric forms 
in cytosol, while Poaceae species present homodimeric 
forms in both plastids and cytosol. ACCase-inhibiting 
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herbicides act only on the homodimeric form present in 
plastids, preventing the synthesis of fatty acids in 
grasses. These herbicides do not act on the 
heterodimeric form present in Magnoliopsida (Carvalho, 

2013). This characteristic explains the high efficiency of 
the treatments on ryegrass and their selectivity for 
onion. 

 
Table 3 - Evaluation of percentage of ryegrass (L. multiflorum), swinecress (C. didymus) and smallflower                   
(G. parviflora) in the evaluations of 0, 15 and 30 days after the second post-emergence application (DASA).  

Ryegrass (% of control) 

POST 

0 DASA 15 DASA 30 DASA 

Pendimethalin Pendimethalin Pendimethalin 

0 g ha-1 600 g ha-1 0 g ha-1 600 g ha-1 0 g ha-1 600 g ha-1 

P1 95 aA 98 aA 100 aA 100 aA 100 100 

P2 92 aA* 85 bB* 99 aA 98 bA* 100 100 

P3 94 aA 97 aA 100 aA 100 aA 100 100 

Weeded control 100 100 100 

CV (%) 4,27 0,93 - 

Swinecress (% of control) 

POST 

0 DASA 15 DASA 30 DASA 

Pendimethalin Pendimethalin Pendimethalin 

0 g ha-1 600 g ha-1 0 g ha-1 600 g ha-1 0 g ha-1 600 g ha-1 

P1 21 aB* 77 aA* 41 bB* 77 aA* 18 aB* 66 aA* 

P2 23 aB* 71 aA* 64 aB* 86 aA 20 aB* 51 aA* 

P3 36 aB* 78 aA* 65 aB* 87 aA 21 aB* 68 aA* 

Weeded control 100 100 100 

CV (%) 15,16 13,29 24,75 

Smallflower (% of control) 

POST 

0 DASA 15 DASA 30 DASA 

Pendimethalin Pendimethalin Pendimethalin 

0 g ha-1 600 g ha-1 0 g ha-1 600 g ha-1 0 g ha-1 600 g ha-1 

P1 38 aB* 73 aA* 69 aB* 80 bA* 29 aB* 71 aA* 

P2 36 aB* 75 aA* 73 aB* 85 bA* 26 aB* 59 aA* 

P3 36 aB* 76 aA* 71 aB* 91 aA* 26 aB* 71 aA* 

Weeded control 100 100 100 

CV (%) 11,75 7,68 18,07 

P1 = ioxynil + clethodim (Select formulation) (125 + 96 g ha-1 ia), P2 = ioxynil + fluazifop (125 + 250 g ha-1 ia) and P3 = ioxynil + 
+ clethodim (Poquer formulation) (125 + 96 g ha-1).  
Averages followed by the same lower case letter in the column (POST) and upper case line (PRE) do not differ by Tukey's test 
(p> 0.05). (*) differs significantly from the weed control by Dunnett's test (p <0.05).  

 
The treatments under study were inefficient in 

controlling swinecress, regardless of assessment. 

However, the treatments that received pendimethalin 

significantly improved swinecress control during crop 

establishment. The level of control provided by 

postemergence treatments was similar. Swinecress is 

considered a ruderal plant; however, it shows rapid 

germination and short development cycle in onion crops 

(Soares et al., 2003), which makes it a highly aggressive 

weed. 

For smallflower, the control levels were better; 

notwithstanding, no treatment reached the final evalu-

ation with satisfactory control (≥ 80%). These results 

disagree with those reported by Ferreira et al. (2000), 

who obtained satisfactory small flower control in direct 

seeding onion with the application of ioxynil. However, 

the authors made three applications, with 125 g ha-1 a.i 

at 19 DAS and 250 g ha-1 a.i at 34 and 65 DAS. 

In general, treatments with pendimethalin 

showed superior control in all assessment periods. This 

result agrees with Caratti et al. (2015), who evaluated 

the control of forage turnip with pendimethalin and 

obtained satisfactory results. 

The interaction between the factors pendime-

thalin application and POST treatments, as well as the 

isolated factor POST treatments, showed no significant 

effect for the following variables: plant stand, bulb di-

ameter, bulb weight, and total bulb yield (Table 4). The 

factor initial application of pendimethalin significantly 

influenced the variables bulb diameter, bulb weight, and 

total bulb yield. 
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Table 4 - Evaluation of plant stand (PS - plants m-1), average bulb diameter (BD - mm), average bulb weight           
(BW - g) and total bulb productivity (TBP - t ha-1).  

Treatments PS BD BW TBP 

Pendimethalin     

0 g ha-1 12.7 a 47.4 b 88.6 b 18.7 b 

600 g ha-1 12.8 a 53.4 a 120.6 a 25.8 a 

POST     

P1 12.4 a 49.7 a 104.4 a 20.9 a 

P2 12.7 a 50.9 a 98.5 a 20.9 a 

P3 13.1 a 50.7 a 110.9 a 24.8 a 

Weeded control 12.4 51.9 116.5 23.9 

CV (%) 16.57 8.39 23.73 18.98 

P1 = ioxynil + clethodim (Select formulation) (125 + 96 g ha-1 ia), P2 = ioxynil + fluazifop (125 + 250 g ha-1 ia) and P3 = ioxynil + 
+ clethodim (Poquer formulation) (125 + 96 g ha-1). Averages followed by the same lower case letter in the column (POST) and 
upper case line (PRE) do not differ by Tukey's test (p> 0.05). (*) differs significantly from the weed control by Dunnett's test  ̀       
(p <0.05).  

 
Plant stand was not influenced by pendime-

thalin application during onion establishment (Table 4). 

Studies carried out by Purdue University (2017) showed 

a reduction in onion stand with the application of 1,600 

g a.i. ha-1 pendimethalin on plants with less than two 

leaves. 

Several factors influence the selectivity of the 

herbicide pendimethalin in onion crop. Oliveira Jr. 

(2011) state that in the germination period the seedling 

shoots are devoid of wax, having a very permeable 

tissue for herbicide absorption. During crop develop-

ment, after its establishment, wax deposition on the 

leaves reduces herbicide absorption, being a deter-

mining factor for selectivity (Assis, 2018). 

The fact that pendimethalin does not affect 

plant stand is extremely positive, demonstrating that 

application at this stage did not cause plant death. 

The variables bulb diameter, average bulb 

weight, and total bulb yield improved significantly with 

the application of 600 g ha-1 pendimethalin during onion 

establishment. This result indicates that the use of 

pendimethalin, besides improving the control of 

Magnoliopsida species, contributed to onion yield and 

production components. The herbicide is thus an alter-

native to improve weed control at the beginning of the 

onion cycle under direct seeding system. 

 

Conclusion 

 

Clethodim and fluazifop provided total control of 

ryegrass (C. multiflorum). None of the treatments 

provided satisfactory control of swinecress (C. didymus) 

or smallflower (G. parviflora). Pendimethalin application 

during onion establishment suppressed the growth of C. 

didymus and G. parviflora. Treatments with 

pendimethalin were superior for production components 

and bulb yield. This herbicide showed selectivity for 

onion crop and helped in maintaining yield. 
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