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Crop Science/ Original Article

Weed control in melon with 
preemergence herbicides
Abstract – The objective of this work was to evaluate the effectiveness and 
selectivity of herbicides applied at preemergence to the melon (Cucumis melo) 
crop. The experiments were carried out from 2017 to 2018, in a randomized 
complete block design, with four replicates, in the state of Rio Grande do 
Norte, Brazil. The treatments consisted of the preemergence application of: 35 
g ha-1 a.i. flumioxazin, 25 g ha-1 a.i. flumioxazin, 250 g ha-1 a.i. sulfentrazone, 
480 g ha-1 a.i. metribuzin, 240 g ha-1 a.i. oxyfluorfen, 240 g ha-1 a.i. oxyfluorfen 
+ 960 g ha-1 a.i. S-metolachlor, 360 g ha-1 a.i. clomazone, and 360 g ha-1 a.i. 
clomazone + 240 g ha-1 a.i. oxyfluorfen; in 2018, metribuzin did not show 
selectivity and was substituted by 480 g ha-1 a.i. ametryn and 1,600 g ha-1 
a.i. diuron. Fruit yield and quality, as well as weed control and dry mass, 
were evaluated. The metribuzin, ametryn, and diuron herbicides caused 
melon plant death. The best efficiency in weed control was obtained with the 
mixture clomazone + oxyfluorfen, followed by oxyfluorfen, oxyfluorfen + 
S-metolachlor, and clomazone. The treatments with oxyfluorfen, oxyfluorfen 
+ S-metolachlor, and clomazone + oxyfluorfen were not considered selective. 
Clomazone was the only selective herbicide in the two years of evaluation and 
can be an alternative for weed control in melon crops.

Index terms: Cucumis melo, herbicide efficiency, herbicide selectivity, 
phytotoxicity.

Controle de plantas daninhas no melão 
com herbicidas de pré-emergência
Resumo – O objetivo deste trabalho foi avaliar a eficácia e a seletividade de 
herbicidas aplicados em pré-emergência no cultivo de melão (Cucumis melo). 
Os experimentos foram conduzidos de 2017 a 2018, no delineamento de blocos 
ao acaso, com quatro repetições, no estado do Rio Grande do Norte, Brasil. 
Os tratamentos consistiram na aplicação pré-emergencial de: 35 g ha-1 i.a. de 
flumioxazin, 25 g ha-1 i.a. de flumioxazin, 250 g ha-1 i.a. de sulfentrazone, 
480 g ha-1 i.a. de metribuzin, 240 g ha-1 i.a. de oxyfluorfen, 240 g ha-1 i.a. de 
oxyfluorfen + 960 g ha-1 i.a. de S-metolachlor, 360 g ha-1 i.a. de clomazone e 360 
g ha-1 i.a. de clomazone + 240 g ha-1 i.a. de oxyfluorfen; em 2018, o metribuzin 
não apresentou seletividade e foi substituído por 480 g ha-1 i.a. de ametrina 
and 1.600 g ha-1 i.a. de diuron. Foram avaliados a produtividade e a qualidade 
dos frutos, bem como o nível de controle e a massa seca das plantas daninhas. 
Os herbicidas metribuzin, ametrina e diuron causaram a morte das plantas de 
melão. A melhor eficiência no controle das plantas daninhas foi obtida com 
a mistura e clomazone + oxyfluorfen, seguida de oxyfluorfen, oxyfluorfen + 
S-metolachlor e clomazone. Os tratamentos com oxyfluorfen, oxyfluorfen + 
S-metolachlor e clomazone + oxyfluorfen não foram considerados seletivos. 
O clomazone foi o único herbicida seletivo nos dois anos de avaliação e pode 
ser alternativa para o controle de plantas daninhas na cultura do melão.

Termos para indexação: Cucumis melo, eficácia de herbicidas, seletividade 
de herbicidas, fitotoxicidade.
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Introduction

Brazil is one of the largest producers of melon 
(Cucumis melo L.) worldwide, with a production of 
540,000 tons in 2017 (FAO, 2018). The production 
system used usually involves raised seedbeds covered 
with plastic mulch, which has been widely adopted 
in the country because it improves yield, increases 
water and fertilizer use efficiency, and reduces weeds 
(Samtani et al., 2017).

One of the main challenges in melon production 
is weed control (Bairambekov et al., 2016). In mulch 
production systems, broadleaf and grass weeds 
emerge in the planting holes and between beds (Boyd, 
2016). Although cucurbits are susceptible to herbicides 
used in other agronomic crops (Abouziena & Haggag, 
2016), currently, only herbicide fenoxaprop-P-ethyl 
and the combination clomazone + carfentrazone-ethyl 
are registered for the selective control of weeds in 
melon (Agrofit…, 2020).

Fenoxaprop-P-ethyl is a herbicide inhibitor of the 
enzyme acetyl-coenzyme, a carboxylase (ACCase 
inhibitor) that acts in the postemergence control 
of grasses (Takano et al., 2020). Clomazone is a 
synthase inhibitor (DOXP inhibitor), which is a pivotal 
component for plastid isoprenoid synthesis (Cabral et 
al., 2017), whereas carfentrazone-ethyl causes the 
inhibition of the protoporphyrinogen oxidase enzyme 
(PPO inhibitor) (Brusamarello, 2016). The commercial 
premix of clomazone + carfentrazone-ethyl is 
registered for the pre- and postemergence control of 
grass and broadleaf weeds in several crops. However, 
this premix is not efficient against weeds considered 
essential and difficult to control in cropping systems 
in Brazil, such as Amaranthus spp. and Merremia 
aegyptia (L.) Urb. (Raimondi et al., 2010). 

An alternative for weed control in melon crops 
is applying residual herbicides during the pre-
transplantation of melon seedlings. Herbicide 
application would be carried out after the formation 
of beds and before the addition of mulch, allowing 
weed control in the first seven weeks when the crop is 
more sensitive to the presence of weeds (Monteiro et 
al., 2021). It is essential to highlight that the efficiency 
of residual herbicides depends on the physical and 
chemical properties of the molecule used, the rate 
applied, the edaphoclimatic conditions of the region, 
and the weed species present in the cultivation 
area (Carneiro et al., 2020; Lins et al., 2021). Some 

herbicides – such as fomesafen and flumioxazin 
(protoporphyrinogen oxidase inhibitors), clomazone 
(carotenoid biosynthesis inhibitor), S-metolachor (cell-
division inhibitor), and fomesafen + S-metolachlor 
chlorine or dimethenamid-P – have potential to be 
applied to cucurbits (Lins et al., 2018). However, it is 
important to evaluate the efficiency and selectivity 
of these herbicides in different cropping systems. For 
a sustainable melon production, it is key to identify 
selective herbicides with an acceptable weed control 
effectiveness.

The objective of this work was to evaluate the 
effectiveness and selectivity of herbicides applied at 
pre-emergence to the melon crop.

Materials and Methods

The experiments were conducted from October to 
December, in 2017 and 2018, at the experimental farm 
of Universidade Federal Rural do Semi-Árido, located 
in the municipality of Mossoró, in the state of Rio 
Grande do Norte, Brazil (5º3'39.8"S, 37°23'44.6"W, at 
78 m altitude).

The climate of the region, according to Köppen’s 
classification, is of the BSwh type, hot and dry, with 
an average rainfall of 674 mm (Alvares et al., 2013). 
The average data on temperature, humidity, and 
precipitation during the melon growing seasons were 
obtained at the automatic meteorological station of 
Instituto Nacional de Meteorologia, located in the 
state of Rio Grande do Norte (Figure 1). There was 
no precipitation during the entire study period in both 
years. 

The soil at the experimental field was classified as 
a Latossolo Vermelho distrófico (Santos et al., 2018), 
i.e., an Oxisol (Soil Survey Staff, 2014), with 130 g kg-1 
clay, 840 g kg-1 sand, and 30 g kg-1 silt. The soil was 
prepared with plowing and harrowing, using a rotary 
hoe to form the seedbeds. According to the crop’s 
needs, soil fertilization was carried out based on the 
soil analysis (Table 1) (Cavalcanti, 2008).

Each year, two separate experiments were conducted 
to determine the effectiveness of weed control and 
the selectivity of the herbicides applied before melon 
transplantation. The experimental design used was 
randomized complete blocks with three replicates. 
In 2017, ten herbicide treatments were selected for 
application (Table 2). In 2018, the treatment with 
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metribuzin was withdrawn from the trial due to its 
lack of selectivity for melon plants and was substituted 
by two other herbicides (ametryn and diuron), totaling 
11 treatments in this year. The herbicides were applied 
one day before the melon seedlings were transplanted. 
Two controls were included: weedy (no wedding) and 
weed-free (wedding) plots; the weed-free plots were 
weeded manually at weekly intervals for the entire 
growing season.

At planting, 180 kg ha-1 P2O5 (simple superphosphate) 
were applied and manually incorporated, as well as 3.0 
kg ha-1 zinc (zinc sulfate) and 1.1 kg ha-1 boric acid. The 
applications of nitrogen (165 kg ha-1 N) and potassium 
(30 kg ha-1 K2O) were divided weekly, throughout 
fertigation, between 15 and 60 days after melon was 
transplanted (Cavalcanti, 2008).

Pests and diseases were controlled using the 
pesticides recommended for the crop (Agrofit…, 

2020). The drip irrigation system was adopted, with 
emitters presenting a flow of 1.7 L h-1 and spaced at 
0.3 m. Irrigations were performed daily according to 
the estimated evapotranspiration (ETc) of the crop 
(ETc = reference evapotranspiration x Kc), where 
Kc corresponds to the melon development stages; 
the reference evapotranspiration was obtained by the 
Penman-Monteith equation (Allen et al., 1998). The 
total water depth applied during the crop cycle was 
552 mm.

The herbicides were applied to the planting 
lines using the CO2 pressurized research sprayer 
Pulverizador Pesquisa (Herbicat, Catanduva, SP, 
Brazil) equipped with a bar with two XR11002 spray 
nozzle tips (TeeJet, Aabybro, Denmark), spaced 0.5 m 
apart, at the height of 0.5 m from the soil. The used 
sprayer pump pressure of 3.0 MPa and velocity of 3.6 
km h-1 allowed an application volume of 200 L ha-1 

Figure 1. Average temperature and air relative humidity in the two years of melon (Cucumis melo) cultivation. Data 
obtained at the automatic meteorological station of Instituto Nacional de Meteorologia and using a rain gauge installed at 
the experimental farm, in the state of Rio Grande do Norte, Brazil.

Table 1. Chemical characterization of the soil in the yellow melon (Cucumis melo) cultivation area(1).

Year pH SOM K P Na Ca Mg Al3+ H+Al3+ CEC

H2O (g kg-1) ---------------(mg dm-3)----------------- --------------------------------(cmolc dm-3)----------------------------

2017 6.6 2.6 33.8 25.5 6.9 0.5 0.7 0.0 0.0 1.3

2018 6.9 2.3 39.1 14.1 7.3 1.1 0.4 0.0 0.2 1.8

(1)SOM, soil organic matter; H+Al, potential acidity; and CEC, cation exchange capacity.
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syrup. At the moment of herbicide application, the 
environmental conditions were: air temperature of 
22.4°C, air relative humidity of 80%, and wind speed 
of 2.8 km h-1.

To avoid drift, the herbicides were applied during 
higher relative humidity, lower temperatures, and 
slower wind speed. Before herbicide application, the 
planting lines were irrigated until the soil reached 
field capacity. After the herbicides were applied, black 
and white mulch film (Negreira, Arujá, SP, Brazil) 
was placed on the beds, with the white side facing 
up and black one facing down. The holes for planting 
seedlings in the mulch had a 5 cm diameter and were 
spaced at 0.4 m.

Seedlings of the Goldex yellow melon (Topseed, 
Agristar, São Paulo, SP, Brazil) were planted in 200 
cell polyethylene trays, with 20 cm3 substrate per cell, 
in a greenhouse, being transplanted 12 days after 
sowing when the first true leaf appeared and their 
height was approximately 5 cm. The melon seedlings 
were transplanted 24 hours after the application of 
the herbicides, at a 0.4 m spacing between plants and 
2.0 m between lines, with one line corresponding to 
one bed. Each experimental plot had three beds that 
were 2.8 m long and 0.8 m wide, with 21 plants. The 
two external beds and the two external plants of the 
central bed were used as a border, and only the three 
plants of the effective area of each experimental plot 
were used for fruit harvesting.

Melon plant injury (phytotoxicity) and weed control 
(efficiency) were evaluated visually at 7, 14, and 21 
days after herbicide application (DAA). Phytotoxicity 
and herbicide effectiveness were assessed visually for 
each plot and rated on a scale from 0% (no injury or 
growth reduction compared with the untreated plot) to 
100% (complete plant death). Yellow melon fruits were 
harvested from the plants in the central bed of each plot 
(central area) at 65 days after transplanting. During the 
harvest period, the aboveground biomass of the weeds 
was collected in the central area of each plot; all weeds 
that grew during the crop cycle were collected and 
identified and, then, taken to a forced-air circulation 
oven, at 65ºC, until reaching a constant weight for later 
weighing and dry matter determination.

After harvest, the fruits were weighed to determine 
yield (kg ha-1). The following fruit postharvest 
characteristics were evaluated based on a sampling of 
two fruits per plot: fruit longitudinal and transverse 
diameters, pulp thickness and firmness, pH, soluble 
solids content, and titratable acidity.

The dimensions of the fruits (cm) were obtained 
by measuring longitudinal and transverse diameters 
and pulp thickness with the aid of a digital caliper. 
To determine pulp firmness (Newton), the fruits 
were divided longitudinally into two parts – median 
region and basal region opposite of the peduncle –, 
and two readings were performed in each one of them 
using the PTR-300 fruit hardness tester (SoilControl 

Table 2. Herbicide treatments applied before yellow melon (Cucumis melo) transplanting in 2017 and 2018, as well as their 
mechanisms of action, application rates, and chemical groups.

Treatment(1) Mechanism of action Rate (g ha-1 a.i.) Chemical group

Weeding (control) -  - -

No weeding (control) -  - -

Flumioxazin 35 Protox  35 N-phenylphthalimide

Flumioxazin 25 Protox  25 N-phenylphthalimide

Sulfentrazone Protox 250 Aryl triazolinone

Metribuzin PSII  480 Aryl triazolinone

Oxyfluorfen Protox  240 Diphenylether

Oxyfluorfen + S-metolachlor Protox + cell division 240 + 960 Diphenyl ether + chloroacetanilide

Clomazone Carotenoids 360 Isoxazolidinone

Clomazone + oxyfluorfen Carotenoids + cell division 360 + 240 Isoxazolidinone + chloroacetanilide

Ametryn PSII 480 Triazines

Diuron PSII 1,600 Urea

(1)Flumioxazin 35, 35 g ha-1 a.i.; and flumioxazin 25, 25 g ha-1 a.i.
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– Instrumentos Medição & Pesquisa, São Paulo, SP, 
Brazil) with a 8.0 mm diameter tip.

To determine pH, soluble solids, and titratable acidity, 
the fruits were crushed in a blender and filtered on filter 
paper to obtain the juice used for analyses performed 
in triplicate. Soluble solids (oBrix) were determined 
using the Pallete-series PR-100 digital refractometer 
(Atago CO., LTD., Tokyo, Japan), with automatic 
temperature correction, according to the methodology 
proposed by Zenebon et al. (2008). Titratable acidity 
was obtained by titrating a 10 g aliquot of juice, adding 
50 mL distilled water, and titrating with a NaOH (0.1 
N) solution. The end of titration was determined with 
the aid of a digital potentiometer (pH = 8.1), and the 
results were expressed as percentage of citric acid, also 
following the methodology of  Zenebon et al. (2008). 
pH was measured in the fruit juice using a pH meter 
(Horwitz, 2005).

The weed dry matter data from the experiments 
in 2017 and 2018 were evaluated by the descriptive 
analysis and plotted using the Origin Pro, version 
8.0, statistical software (OriginLab Corporation, 
Northampton, MA, USA). Phytotoxicity and weed 
control were compared at 5% probability. The crop 
years were assessed separately, as the ametryn and 
diuron herbicides were not tested in 2017.

Homogeneity of variances was assessed by Bartlett’s 
test, and normal distribution of residues, by Shapiro-
Wilk’s test. The analysis of variance was performed 
for phytotoxicity and postharvest characteristics (fruit 
longitudinal and transverse diameters, pulp thickness 
and firmness, pH, soluble solids, and titratable acidity), 
with means being compared by Scott-Knott’ test at 5% 
probability.

Results and Discussion

The main weeds that occurred in the cultivation 
area were: Trianthema portulacastrum L., Amaranthus 
spinosus L., Senna obtusifolia (L.) H.S.Irwin & 
Barneby, Macroptilium lathyroides (L.) Urb., 
Merremia aegyptia (L.) Urb., Jacquemontia tamnifolia 
Griseb., Mollugo verticillate L., Urochloa plantaginea 
(Link) R.D.Webster, Mimosa pudica L., Digitaria 
horizontalis Willd., Waltheria americana L., and 
Ipomoea triloba L.

Weed control in the two crop years was dependent on 
herbicide used (Figure 2). Weed biomass was reduced 

by 100% in both years when 35 g ha-1 a.i. flumioxazin 
and the clomazone + oxyfluorfen mixture were applied. 
In 2017, plots treated with metribuzin and oxyfluorfen 

Figure 2. Weed dry matter depending on the application 
of herbicides to the melon (Cucumis melo) crop in 2017 (A) 
and 2018 (B). Flumioxazin 35, 35 g ha-1 a.i.; and flumioxazin 
25, 25 g ha-1 a.i.
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+ S-metholachlor did not control M. lathyroides, 
J.  tamnifolia, and A. spinosus, whereas oxyfluorfen 
and metribuzin did not control M. aegyptia. 

In 2018, A. spinosus, W. americana, M. pudica, 
J.  tamnifolia, and M. verticillata were unimportant, 
presenting little dry matter under all herbicide 
treatments and the control (no weeds). Clomazone 
+ oxyfluorfen, ametryn, and diuron controlled all 
weeds in the experimental area. In all plots treated 
with herbicides, the dry matter of M. aegyptia was 
reduced in comparison with that of the plots with no 
weeding; clomazone was the least effective herbicide 
in controlling this species, reducing only 10% of its 
dry matter when compared with the control.

The association of the oxyfluorfen + S-metholachlor 
herbicides reduced the dry matter of M. aegyptia by 
70% in comparison with the plots with no weeding, 
showing a control efficiency similar to that of 
oxyfluorfen applied alone. However, the clomazone 
+ oxyfluorfen mixture reduced the dry matter of 
M.  aegyptia by 100%. This highlights the existence 
of a combined effect of clomazone + oxyfluorfen that 
broadened the spectrum of weed control, effectively 
limiting the broadleaf and grass weeds present in the 
study area. This observation is supported by another 
research in which there was an increased control of 
weeds with the application of tank-mixed herbicides, 
some of which with several modes of action and 
residual activity in the soil (Boyd, 2016).

Flumioxazin, at both applied rates, and sulfentrazone 
reduced the dry matter of M. aegyptia by 88, 58, and 
82%, respectively, compared with the plots under no 
weeding. However, these herbicides were ineffective 
in controlling I. triloba, whose dry matter increased in 
the treatments with 35 and 25 g ha-1 a.i. flumioxazin, 
in comparison with the plots in the untreated area. 
Therefore, the control of annual grasses was not 
satisfactory in the treatments with both rates of 
flumioxazin and with sulfentrazone, herbicides which 
were not effective in controlling U. plantaginea.

The weed species that predominated in the 
cultivation area were T. portulacastrum, M. lathyroides, 
M. aegyptia, and J. tamnifolia, which are herbaceous 
with indeterminate growth and prostate size (Fahad et 
al., 2014). In addition, M. lathyroides, M. aegyptia, and 
J. tamnifolia are climbing plants that rapidly intertwine 
with other ones for their growth (Moreira et al., 2018). 
In crops with prostrate growth habits, such as melon, 

the interference caused by these weeds can be even 
more serious (Chaney & Baucom, 2012); however, 
the cultivation system used in the present study, with 
beds covered with polyethylene (mulch), provides a 
mechanical barrier to weed infestation (Johnson & 
Mullinix, 2002). Therefore, the integration of this 
practice with the application of preemergent herbicides 
at pre-transplantation offers melon producers more 
effective options for weed management, as observed 
here.

All herbicides effectively controlled weeds at 7 
and 14 DAA in 2017 (Figure 3). At 21 DAA, there 
was a reduction in control effectiveness, which was 
of 65, 70, 58, and 63% for 25 g ha-1 a.i. flumioxazin, 
sulfentrazone, oxyfluorfen, and oxyfluorfen + 
S-metolachlor, respectively. In 2018, weed control at 7 
DAA was 76% with 35 g ha-1 a.i. flumioxazin, higher 
than that of 66% with 25 g ha-1 a.i. flumioxazin and 
with sulfentrazone; however, these values reduced to 
43, 43, and 46%, respectively, at 21 DAA. Clomazone 
reduced weed control from 83% at 7 DAA to 63% 
at 21 DAA. Ametryn, oxyfluorfen, clomazone + 
oxyfluorfen, oxyfluorfen + S-metolachlor, and diuron 
showed a control greater than 90%.

The greater effectiveness in weed control by ametryn, 
oxyfluorfen, diuron, clomazone + oxyfluorfen, and 
oxyfluorfen + S-metolachlor over the days after 
their application is probably related to their residual 
control effect. These herbicides have moderate to 
high persistence in soils (University of Hertfordshire, 
2019), allowing weed control for a long time after 
being applied (Cahoon et al., 2015). The half-life of 
oxyfluorfen in the soil, for example, has been reported 
to be between 10 and 31 days (Alister et al., 2009), and 
it has been observed that the mixture of oxyfluorfen 
with herbicides of other modes of action and residual 
activity in the soil improves the effectiveness of weed 
control (Boyd, 2016). Sulfentrazone shows a very 
high persistence in soils, with a half-life of 541 days 
(University of Hertfordshire, 2019); however, this 
herbicide was not effective in controlling weeds – 46% 
control at 21 DAA –, which explains the decrease 
found in the percentage of control.

In 2017, a low phytotoxicity of less than 12% 
was recorded up to 21 DAA: 6% for 25 g ha-1 a.i. 
flumioxazin, 2% for oxyfluorfen, 10% for clomazone, 
and 12% for clomazone + oxyfluorfen (Figure 4). 
Metribuzin caused 100% injury, leading to the death of 
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the plants. At 21 DAA, phytotoxicity was greater than 
25% when 35 g ha-1 a.i. flumioxazin, sulfentrazone, 
and oxyfluorfen + S-metolachlor were applied.

In general, phytotoxicity rates were higher in 
2018. The reason for this effect is not apparent, as 

the climatic and soil conditions were similar to that 
of the previous year (Figure 1). In 2018, at 7 DAA, a 
higher rate of plant injuries was observed in the plots 
treated with herbicides: 53% for oxyfluorfen, 61% for 
oxyfluorfen + S-metolachlor, and 53% for clomazone 

Figure 3. Weed control by the herbicide treatments tested at 7, 
14, and 21 days after their application in 2017 (A) and 2018 (B). 
Error bars indicate 95% confidence intervals. Flumioxazin 35, 
35 g ha-1 a.i.; and flumioxazin 25, 25 g ha-1 a.i.

Figure 4. Phytotoxicity of the herbicide treatments tested at 7, 
14, and 21 days after their application in 2017 (A) and 2018 (B). 
Error bars indicate 95% confidence intervals. Flumioxazin 
35, 35 g ha-1 a.i.; and 25 flumioxazin, 25 g ha-1 a.i.



8 D.R. de Carvalho et al.

Pesq. agropec. bras., Brasília, v.57, e02334, 2022
DOI: 10.1590/S1678-3921.pab2022.v57.02334

+ oxyfluorfen (Figure 4). However, a phytotoxicity 
below 45% was found for 35 g ha-1 a.i. flumioxazin, 25 
g ha-1 a.i. flumioxazin, sulfentrazone, and clomazone. 
Moreover, ametryn and diuron caused plant death.

In the two years of cultivation, there was a reduction 
in the injuries caused by the herbicides in the third 
phytotoxicity assessment at 21 DAA, with melon plants 
showing a recovery behavior. This result suggests 
that melons can metabolize herbicides to fewer toxic 
metabolites as they grow (El-Nahhal & Hamdona, 
2017). The metabolization of herbicides by plants 
reduces the amount of these xenobiotics that reaches 
their sites of action (Bakkali et al., 2007), decreasing 
the damage caused. According to Qi et al. (2015), 
oxidative damage caused to plants by herbicides can 
inhibit the activity of antioxidant enzymes that play 
an essential role in the elimination of reactive oxygen 
species. Therefore, the lower the inhibition of these 
enzymes, the greater the metabolism and recovery of 
plants from the oxidative stress caused by herbicides.

The highest yield (kg ha-1) was registered in the 
weeded plots (free of weeds) in 2017 and 2018, with 
values of 29,333 and 25,383 kg ha-1, respectively 
(Figure 5). In this year, the plots treated with clomazone 
did not differ statistically from the weeded plots and 
the plots treated with oxyfluorfen, oxyfluorfen + 
S-metolachlor, and clomazone + oxyfluorfen. The 
treatments with 35 g ha-1 a.i. flumioxazin, 25 g ha-1 
a.i. flumioxazin, and sulfentrazone, as well as the 
untreated plots (no weeding, i.e., with natural weed 
infestation), showed a significantly reduced yield when 
compared with the weedy plots. The lightest fruits 
(12,200 kg  ha-1) were harvested in the plots treated 
with 35 g ha-1 a.i. flumioxazin. Flumioxazin, at both 
rates, and sulfentrazone caused a decrease in yield 
above 45%. Oxyfluorfen, oxyfluorfen + S-metolachlor, 
clomazone, and clomazone + oxyfluorfen reduced the 
yield of yellow melon by up to 24% when compared 
with the weeded plots. In the case of metribuzin, which 
caused plant death, there was no fruit production.

In 2018, the weight of the fruits in the plots without 
weed control was approximately 30% lower than that 
of the weeded plots. The oxyfluorfen, oxyfluorfen 
+ S-metolachlor, clomazone, and clomazone + 
oxyfluorfen treatments did not reduce the yield of 
yellow melon, when compared with the weeded control 
plots. The weight of the fruits harvested in the plots 
treated with 35 g ha-1 a.i. flumioxazin, 25 g ha-1 a.i. 

flumioxazin, and sulfentrazone was of 18,800, 16,050, 
and 15,475 kg ha-1, respectively, similar to or lower than 
that of 17,783 kg ha-1 of the fruits grown in competition 
with weeds. It should be noted that ametryn and diuron 
caused the death of melon plants, which led to a 100% 
reduction in yield.

In 2018, the application of oxyfluorfen, oxyfluorfen 
+ S-metolachlor, clomazone, and clomazone + 
oxyfluorfen caused phytotoxicity in the melon 
plants, which, however, recovered, without having 
their yield affected. The loss of yield caused by 25 

Figure 5. Melon (Cucumis melo) yield after the application 
of herbicides in 2017 (A) and 2018 (B). Error bars indicate 
95% confidence intervals. Flumioxazin 35, 35 g ha-1 a.i.; 
and flumioxazin 25, 25 g ha-1 a.i.
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g ha-1 a.i. flumioxazin, 35 g ha-1 a.i. flumioxazin, 
and sulfentrazone was more significant than that in 
untreated plots due to phytotoxicity and mainly the 
ineffective control of weeds.

In 2017, herbicide treatments influenced the quality 
of soluble solids in melon fruits (Table 3). However, 
pH, titratable acidity, pulp thickness, transverse 
and longitudinal diameters, and pulp firmness were 
not significantly different between treatments and 
controls (weeded and not weeded). The soluble solids 
content of the fruits harvested in the plots treated with 
25 g ha-1 a.i. flumioxazin and with sulfentrazone was 
lower than that of the fruits grown in the weeded plots. 
Furthermore, the plots treated with oxyfluorfen were 
statistically equal to those in competition with weeds. 

In 2018, herbicide treatments significantly 
influenced the content of soluble solids and the 
firmness of the fruits (Table 3). However, the other 
postharvest characteristics were not affected. Since 
the treatments with the application of ametryn and 

diuron caused plant death, there were no fruits for 
evaluation in this year. The firmness of the fruits 
was significantly lower in the plots treated with 35 
g ha-1 a.i. flumioxazin, sulfentrazone, oxyfluorfen, 
and clomazone + oxyfluorfen in comparison with the 
weeded plots. The soluble solids content was of 8.03 
and 8.64 °Brix, respectively, for the fruits harvested 
in the plots treated with clomazone and oxyfluorfen 
+ S-metolachlor, statistically lower than that of 11.12 
°Brix found for the fruits grown in the weeded plots, 
but close to that of 7.73 °Brix for the fruits of the plots 
in competition with weeds. Despite this reduction 
in the soluble solids content of the fruits, the values 
obtained in the plots treated with herbicides and in 
the controls (weeding and no weeding) are within the 
standard of 8 °Brix set for yellow melon by the United 
Nations Economic Commission for Europe (Unece, 
2017). The high content of soluble solids in melon 
is considered one of the most important factors for 
consumer acceptance. 

Table 3. Effect of herbicides on the postharvest characteristics of yellow melon (Cucumis melo) fruits in 2017 and 2018(1).

Treatment(2) Soluble solids 
(°Brix)

pH Titratable 
acidity (%)

Pulp thickness 
(cm)

Transverse 
diameter (cm)

Longitudinal 
diameter (cm)

Fruit firmness 
(N)

2017
Weeding 11.47a 6.05a 0.17a 4.31a 14.41a 18.34a 28.62a
No weeding 8.75b 5.91a 0.17a 3.74a 13.62a 17.14a 32.27a
Flumioxazin 35 10.57a 5.98a 0.16a 4.13a 15.21a 17.76a 26.12a
Flumioxazin 25 9.03b 5.98a 0.20a 3.70a 13.37a 15.51a 30.88a
Sulfentrazone 8.87b 5.92a 0.17a 3.53a 13.47a 16.21a 28.97a
Oxyfluorfen 11.40a 5.96a 0.17a 4.11a 15.33a 18.27a 32.91a
Oxyfluorfen + S-metolachlor 10.59a 5.90a 0.17a 4.26a 14.22a 16.05a 28.99a
Clomazone 10.30a 5.96a 0.15a 3.47a 13.84a 16.07a 29.58a
Clomazone + oxyfluorfen 11.03a 5.92a 0.16a 4.03a 15.27a 17.30a 27.43a

2018
Weeding 11.12a 4.88a 0.25a 5.31a 15.27a 18.85a 38.25a
No weeding 7.73b 4.72a 0.21b 4.55a 13.99a 17.84a 33.78b
Flumioxazin 35 9.93a 4.81a 0.25a 5.35a 14.52a 18.27a 34.35b
Flumioxazin 25 8.89b 5.21a 0.26a 4.85a 14.99a 18.62a 36.56a
Sulfentrazone 10.20a 4.23a 0.24a 4.93a 14.32a 17.90a 32.67b
Oxyfluorfen 10.63a 4.50a 0.21b 5.21a 14.55a 18.36a 31.56b
Oxyfluorfen + S-metolachlor 8.64b 4.83a 0.22b 5.25a 15.00a 17.71a 37.15a
Clomazone 8.03b 5.02a 0.24a 4.70a 14.12a 17.28a 35.18a
Clomazone + oxyfluorfen 10.24a 4.90a 0.19b 5.09a 14.55a 17.50a 33.06b

(1)Means followed by equal letters, in the columns, do not differ by Scott-Knott’s test, at 5% probability. (2)Flumioxazin 35, 35 g ha-1 a.i.; and flumioxazin 
25, 25 g ha-1a.i. 



10 D.R. de Carvalho et al.

Pesq. agropec. bras., Brasília, v.57, e02334, 2022
DOI: 10.1590/S1678-3921.pab2022.v57.02334

Conclusions

1. The preemergence application of clomazone is 
selective for the melon (Cucumis melo) plant, since the 
herbicide is the safest to apply, as it did not affect yield 
in the two experimental years.

2. The oxyfluorfen + clomazone mixture is the 
most effective in controlling weeds during melon 
cultivation.

3. The ametryn, metribuzin, and diuron herbicides 
cause melon death when applied pre-transplant.

4. Regarding the quality of melon fruits, soluble 
solids are reduced by the treatment with 25 g ha-1 
a.i. flumioxazin or with sulfentrazone, whereas pH, 
titratable acidity, pulp thickness, transverse and 
longitudinal diameters, and pulp firmness are not 
affected by the evaluated herbicides.

Acknowledgments

To Coordenação de Aperfeiçoamento de Pessoal de 
Nível Superior (Capes), for financial support (Finance 
Code 001).

References

ABOUZIENA, H.F.; HAGGAG, W.M. Weed control in clean 
agriculture: a review.  Planta Daninha, v.34, p.377-392, 2016. 
DOI:  https://doi.org/10.1590/S0100-83582016340200019. 

AGROFIT: Sistema de Agrotóxicos Fitossanitários: consulta 
de produtos formulados. 2020. Available at: <http://agrofit.
agricultura.gov.br/agrof it_cons/principal_agrof it_cons>. 
Accessed on: Jan. 23 2020.

ALISTER, C.A. GOMEZ, P.A.; ROJAS, S.; KOGAN, M. 
Pendimethalin and oxyfluorfen degradation under two irrigation 
conditions over four years application. Journal of Environmental 
Science and Health Part B, v.44, p.337-343, 2009. DOI:  
https://doi.org/10.1080/03601230902800986.

ALLEN, R.G.; PEREIRA, L.S.; RAES, D.; SMITH, M. Crop 
evapotranspiration: guidelines for computing crop water 
requirements. Rome: FAO, 1998. 297p. (FAO Irrigation and 
drainage paper, n.56).

ALVARES, C.A.; STAPE, J.L.; SENTELHAS, P.C.; 
GONÇALVES, J.L. de M.; SPAROVEK, G. Köppen’s climate 
classification map for Brazil. Meteorologische Zeitschrift, 
v.22, p.711-728, 2013. DOI: https://doi.org/10.1127/0941-
2948/2013/0507.

BAIRAMBEKOV, S.B.; SOKOLOVA, G.F.; GAR’YANOVA, 
E.D.; DUBROVIN, N.K.; SOKOLOV, A.S. Harmfulness of 
weed plants in crops of vegetables and melons. Biosciences 
Biotechnology Research Asia, v.13, p.1929-1943, 2016. DOI: 
https://doi.org/10.13005/bbra/2347.

BAKKALI, Y.; RUIZ-SANTAELLA, J.P.; OSUNA, M.D.; 
WAGNER, J.; FISCHER, A.J.; DE PRADO, R. Late watergrass 
(Echinochloa phyllopogon): mechanisms involved in the 
resistance to fenoxaprop-p-ethyl. Journal of Agricultural 
and Food Chemistry, v.55, p.4052-4058, 2007. DOI:  
https://doi.org/10.1021/jf0624749.

BOYD, N.S. Pre-and postemergence herbicides for row middle 
weed control in vegetable plasticulture production systems. Weed 
Technology, v.30, p.949-957, 2016. DOI: https://doi.org/10.1614/
WT-D-16-00035.1.

BRUSAMARELLO, A.P.; OLIVEIRA, P.H.; TREZZI, M.M.; 
XAVIER, E.; DALOSTO, E.D. Inheritance of resistance 
to protoporphyrinogen oxidase inhibitor herbicides in wild 
poinsettia. Planta Daninha, v.34, p.575-580, 2016. DOI:  
https://doi.org/10.1590/S0100-83582016340300018.

CABRAL, C.M.; SANTOS, J.B. dos; FERREIRA, E.A.; 
MACHADO, V.M.; PEREIRA, I.M.; SILVA, D.V.; SOUZA, M.F. 
Tolerance to the herbicide clomazone and potential for changes of 
forest species. Bioscience Journal, v.33, p.897-904, 2017. DOI: 
https://doi.org/10.14393/BJ-v33n4a2017-36750.

CAHOON, C.W.; YORK, A.C.; JORDAN, D.L.; EVERMAN, 
W.J.; SEAGROVES, R.W.; BRASWELL, L.R.; JENNINGS, K.M. 
Weed control in cotton by combinations of microencapsulated 
acetochlor and various residual herbicides applied 
preemergence. Weed Technology, v.29, p.740-750, 2015. DOI:  
https://doi.org/10.1614/WT-D-15-00061.1.

CARNEIRO, G.D.O.P.; SOUZA, M. de F.; LINS, H.A.; CHAGAS, 
P.S.F. das; SILVA, T.S.; TEÓFILO, T.M. da S.; PAVÃO, Q.S.; 
GRANGEIRO, L.C.; SILVA, D.V. Herbicide mixtures affect 
adsorption processes in soils under sugarcane cultivation. 
Geoderma, v.379, 114626, 2020. DOI: https://doi.org/10.1016/j.
geoderma.2020.114626.

CAVALCANTI, F.J. de A. (Coord.). Recomendações de adubação 
para o estado de Pernambuco: 2ª aproximação. 3.ed. rev. Recife: 
IPA, 2008. 212p.

CHANEY, L.; BAUCOM, R.S. The evolutionary potential of 
Baker’s weediness traits in the common morning glory, Ipomoea 
purpurea (Convolvulaceae). American Journal of Botany, v.99, 
p.1524-1530, 2012. DOI: https://doi.org/10.3732/ajb.1200096.

EL-NAHHAL, Y.; HAMDONA, N. Adsorption, leaching and 
phytotoxicity of some herbicides as single and mixtures to 
some crops. Journal of the Association of Arab Universities 
for Basic and Applied Sciences, v.22, p.17-25, 2017. DOI:  
https://doi.org/10.1016/j.jaubas.2016.01.001.

FAHAD, S.; HUSSAIN, S.;  SAUD, S.;  HASSAN, 
S.; MUHAMMAD, H.; SHAN, D.; CHEN, C.; WU, C.; XIONG, D.; 
KHAN,  S.B.; JAN, A.;  CUI, K.;  HUANG, J. Consequences of 
narrow crop row spacing and delayed Echinochloa colona and 
Trianthema portulacastrum emergence for weed growth and crop 
yield loss in maize. Weed Research, v.54, p.475-483, 2014. DOI: 
https://doi.org/10.1111/wre.12104.

FAO. Food and Agriculture Organization of the United Nations. 
Faostat: crops and livestock products. 2018. Available at: <http://
www.fao.org/faostat/en/#home>. Accessed on: Oct. 24 2019.

https://doi.org/10.1590/S0100-83582016340200019
http://agrofit.agricultura.gov.br/agrofit_cons/principal_agrofit_cons
http://agrofit.agricultura.gov.br/agrofit_cons/principal_agrofit_cons
https://doi.org/10.1080/03601230902800986
https://doi.org/10.14393/BJ-v33n4a2017-36750
https://onlinelibrary-wiley.ez13.periodicos.capes.gov.br/action/doSearch?ContribAuthorStored=Hussain%2C+S
https://onlinelibrary-wiley.ez13.periodicos.capes.gov.br/action/doSearch?ContribAuthorStored=Saud%2C+S
https://onlinelibrary-wiley.ez13.periodicos.capes.gov.br/action/doSearch?ContribAuthorStored=Hassan%2C+S
https://onlinelibrary-wiley.ez13.periodicos.capes.gov.br/action/doSearch?ContribAuthorStored=Muhammad%2C+H
https://onlinelibrary-wiley.ez13.periodicos.capes.gov.br/action/doSearch?ContribAuthorStored=Shan%2C+D
https://onlinelibrary-wiley.ez13.periodicos.capes.gov.br/action/doSearch?ContribAuthorStored=Chen%2C+C
https://onlinelibrary-wiley.ez13.periodicos.capes.gov.br/action/doSearch?ContribAuthorStored=Wu%2C+C
https://onlinelibrary-wiley.ez13.periodicos.capes.gov.br/action/doSearch?ContribAuthorStored=Xiong%2C+D
https://onlinelibrary-wiley.ez13.periodicos.capes.gov.br/action/doSearch?ContribAuthorStored=Khan%2C+S+B
https://onlinelibrary-wiley.ez13.periodicos.capes.gov.br/action/doSearch?ContribAuthorStored=Jan%2C+A
https://onlinelibrary-wiley.ez13.periodicos.capes.gov.br/action/doSearch?ContribAuthorStored=Cui%2C+K
https://onlinelibrary-wiley.ez13.periodicos.capes.gov.br/action/doSearch?ContribAuthorStored=Huang%2C+J


Weed control in melon with preemergence herbicides 11

Pesq. agropec. bras., Brasília, v.57, e02334, 2022
DOI: 10.1590/S1678-3921.pab2022.v57.02334

HORWITZ, W. (Ed.). Official Methods of Analysis of AOAC 
International. 18th ed. Gaithersburg: AOAC International, 2005. 
Official Method 920.15.

JOHNSON, W.C.; MULLINIX, B.G. Weed management 
in watermelon (Citrullus lanatus) and cantaloupe 
(Cucumis melo) transplanted on polyethylene-covered 
seedbeds. Weed Technology, v.16, p.860-866, 2002. DOI:  
https://doi.org/10.1614/0890-037X(2002)016[0860:WMIWCL]2.0
.CO;2.

LINS, H.A.; SANTOS, M.G. dos; BARROS JÚNIOR, A.P.; 
MENDONÇA, V.; SILVA, D.V.; COÊLHO, E. dos S. Economic 
evaluation and effectiveness of herbicides applied in pre-
emergency in the sesame. Revista Caatinga, v.34, p.621-630, 
2021. 

LINS, H.A.; SILVA, T.S.; RIBEIRO, R.M.P.; SOUZA, M. de F.; 
FREITAS, M.A.M.; ALBUQUERQUE, J.R.T. de; SILVA, D.V. 
Crescimento inicial do melão após aplicação de herbicidas em 
pós-emergência. Revista Brasileira de Herbicidas, v.17, e611, 
2018. DOI: https://doi.org/10.7824/rbh.v17i3.611.

MONTEIRO, A.L.; SOUZA, M. de F.; LINS, H.A.; TEÓFILO, 
T.M. da S.; BARROS JÚNIOR, A.P.; SILVA, D.V.; MENDONÇA, 
V. A new alternative to determine weed control in agricultural 
systems based on artificial neural networks (ANNs). Field Crops 
Research, v.263, 108075, 2021. DOI: https://doi.org/10.1016/j.
fcr.2021.108075.

MOREIRA, A.L. da C.; SIMÃO-BIANCHINI, R.; CAVALCANTI, 
T.B. Sinopse do gênero Jacquemontia Choisy (Convolvulaceae) 
nos Estados de Goiás e Tocantins, Brasil. Hoehnea, v.45, p.192-
201, 2018. DOI: https://doi.org/10.1590/2236-8906-16/2017.

QI, Y.; LIU, D.; ZHAO, W.; LIU, C.; ZHOU, Z.; WANG, P. 
Enantioselective phytotoxicity and bioacitivity of the enantiomers 
of the herbicide napropamide.  Pesticide Biochemistry and 
Physiology, v.125, p.38-44, 2015. DOI: https://doi.org/10.1016/j.
pestbp.2015.06.004.

RAIMONDI, M.A.; OLIVEIRA JR, R.S.; CONSTANTIN, 
J.; BIFFE, D.F.; ARANTES, J.G.Z.; FRANCHINI, L.H.; 

RIOS, F.A.; BLAINSKI, E.; OSIPE, J.B. Atividade residual de 
herbicidas aplicados ao solo em relação ao controle de quatro 
espécies de Amaranthus. Planta Daninha, v.28, p.1073-1085, 
2010. Número especial. DOI: https://doi.org/10.1590/S0100-
83582010000500015.

SAMTANI, J.B.; DERR, J.; CONWAY, M.A.; FLANAGAN 
III, R.D. Evaluating soil solarization for weed control and 
strawberry (Fragaria xananassa) yield in annual plasticulture 
production. Weed Technology, v.31, p.455-463, 2017. DOI:  
https://doi.org/10.1017/wet.2017.4.

SANTOS, H.G. dos; JACOMINE, P.K.T.; ANJOS, L.H.C. dos; 
OLIVEIRA, V.Á. de; LUMBRERAS, J.F.; COELHO, M.R.; 
ALMEIDA, J.A. de; ARAÚJO FILHO, J.C. de; OLIVEIRA, J.B. 
de; CUNHA, T.J.F. Sistema brasileiro de classificação de solos. 
5.ed. rev. e ampl. Brasília: Embrapa, 2018. 356p.

SOIL SURVEY STAFF. Keys to soil taxonomy. 12th ed. 
Washington: USDA, 2014. Available at: <https://www.
nrcs.usda.gov/wps/por tal /n rcs/detail /soils/survey/class/
taxonomy/?cid=nrcs142p2_053580>. Accessed on: July 10 2021.

TAKANO, H.K.; LOPEZ OVEJERO, R.F.; BELCHIOR, 
G.G.; MAYMONE, G.P.L.; DAYAN, F.E. ACCase-inhibiting 
herbicides: mechanism of action, resistance evolution and 
stewardship. Scientia Agricola, v.78, e20190102, 2020. DOI: 
https://doi.org/10.1590/1678-992X-2019-0102.

UNECE. United Nation Economic Commission for Europe. 
UNECE Standard FFV-23 concerning the marketing and 
commercial quality control of melons. New York: United 
Nations, 2017.

UNIVERSITY OF HERTFORDSHIRE. PPDB: Pesticide 
Properties Database. 2019. Available at: <http://sitem.herts.ac.uk/
aeru/footprint/index2.htm>. Accessed on: Dec. 5 2019.

ZENEBON, O.; PASCUET, N.S.; TIGLEA, P. (Coord.). Métodos 
físico-químicos para análise de alimentos. 4.ed., 1.ed. digital. 
São Paulo: Instituto Adolfo Lutz, 2008. 1020p.

https://doi.org/10.1017/wet.2017.4

