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Lettuce (Lactuca sativa) is considered 
the most important leaf vegetable 

worldwide (Sala & Costa, 2012). In 
national horticulture, lettuce stands out 
among the leafy vegetables as the most 
important for Brazilian diet, consumed 
most of times in salad, it means, in 
natura (Resende et al., 2007).

As in other agricultural activities, 
phytosanitary management plays a 

fundamental role for maintenance 
of productivity and quality of the 
harvested product. The occurrence 
of weeds on lettuce crop is related 
to productivity, such as competition 
for water, light, nutrients and release 
of allelopathic compounds. Besides 
causing productivity losses and decrease 
in the quality of the crop, weed affects 
the leaf firmness and, also nitrate and 

carotene content (Giannopolitis et al., 
1989).

The vegetable production scenario 
in Brazil has been changing in the 
latest decades. The fierce competition 
in the market makes necessary the 
specialization in exploration and 
professionalization of the activity 
(Giordani et al., 2000). In this context, 
weed management in lettuce crop still 
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ABSTRACT
Due to the low availability of herbicide active ingredients, the 

chemical weed management in lettuce crop is a challenge. The aim of 
this study was to evaluate the sensitivity of lettuce to the pre-planting 
application of the herbicides flumioxazin and trifluralin alone or in 
tank-mixture in lettuce, Lucy Brown cultivar. Two experiments were 
conducted. In experiment A, the soil was tilled before the herbicide 
application and it was tilled again before seedling transplanting. 
In experiment B, the soil was tilled just once before the herbicide 
application. The experimental design was in randomized blocks in a 
factorial scheme (3x3) +1 (2 factors with 3 levels and an additional 
control) with 4 replicates. We applied flumioxazin (120 g ha-1), 
trifluralin (450 g ha-1) and flumioxazin + trifluralin (120 + 450 g ha-

1) in three different seasons before transplanting (0, 7 and 14 days). 
Lettuce productivity after trifluralin application (48.4 t ha-1) was 
higher than after flumioxazin application (16.8 t ha-1) in experiment A. 
In experiment B, flumioxazin decreased the number of lettuce leaves 
(25.6) at 14 DAT; no differences in lettuce productivity were verified, 
though. The herbicide trifluralin caused lower levels of phytotoxicity 
and was the most selective between the treatments when applied in 
the three seasons in both experiments.

Keywords: Lactuca sativa, weed management, phytointoxication, 
flumioxazin, trifluralin, tank mix.

RESUMO
Sensibilidade da alface cultivar Lucy Brown à aplicação de 

herbicidas em pré-plantio

Devido à baixa disponibilidade de ingredientes ativos de 
herbicidas, o manejo químico de plantas daninhas na cultura da 
alface é um desafio. Objetivou-se avaliar a sensibilidade da alface 
à aplicação dos herbicidas flumioxazin e trifluralin, isolados ou em 
mistura em pré-plantio de mudas de alface cultivar Lucy Brown. 
Dois experimentos foram realizados. O experimento A recebeu uma 
operação de revolvimento no solo antes da aplicação dos herbicidas 
e outra antes do transplantio das mudas; o experimento B recebeu 
apenas um revolvimento do solo anterior à aplicação do herbicida. O 
delineamento experimental foi em blocos casualizados em esquema 
fatorial (3x3) + 1 (2 fatores com 3 níveis e uma testemunha adicional) 
com 4 repetições. Ambos experimentos receberam os tratamentos 
herbicidas flumioxazin (120 g ha-1), trifluralin (450 g ha-1) e a 
associação flumioxazin + trifluralin (120 + 450 g ha-1) aplicados 
em três épocas distintas antecedendo o transplantio (0, 7 e 14 dias). 
A produtividade de alface após aplicação de trifluralin (48,4 t ha-

1) foi maior do que sob aplicação de flumioxazin (16,8 t ha-1) no 
experimento A. No experimento B flumioxazin aos 14 DAT reduziu 
o número de folhas de alface (25,6), todavia não houve diferenças 
de produtividade. O herbicida trifluralin causou menores níveis de 
fitointoxicação na alface e foi o mais seletivo dentre os tratamentos 
quando aplicado nas três épocas nos dois experimentos.

Palavras-chave: Lactuca sativa, manejo de plantas daninhas, 
fitointoxicação, flumioxazin, trifluralin, mistura em tanque.

Received on November 25, 2020; accepted on June 23, 2021

http://orcid.org/0000-0001-9469-6106
http://orcid.org/0000-0002-2036-3429
http://orcid.org/0000-0001-6762-2216
http://orcid.org/0000-0003-4404-8826
http://orcid.org/0000-0002-1231-8046
http://orcid.org/0000-0002-0217-4392
http://orcid.org/0000-0001-6610-699X
mailto:denisbiffe@gmail.com


306 Horticultura Brasileira 39 (3) July - September,  2021

depends on intensive labor, since only 
three active ingredients of herbicides 
are registered for the crop in Brazil, 
being two recommended for post-
emergence application in the total 
area and one recommended to be 
sprayed as a directed post-emergence 
application (Agrofit, 2021). No option 
for application in soil, at pre-planting, 
can be found.

Lack of options for chemical control 
of weeds on lettuce crop and a small 
number of recent scientific studies have 
motivated studies searching alternatives 
to chemical control, as well as selectivity 
of different application modes. Lettuce 
is very sensitive to residues of herbicides 
in soil; so, using herbicides in lettuce 
production fields requires a lot of care, 
especially considering pre-emergence 
application (Fennimore et al., 2011).

Herbicide selectivity can be 
considered a differential response 
among species or varieties (Monquero 
et al., 2011). In other words, a crop-
selective herbicide is one which causes 
the phytotoxic effect on target plants 
without harming the crop (Maciel et al., 
2019; Bereta et al., 2021).

Tr i f l u r a l i n  i s  an  he rb i c ide 
recommended for controlling grasses 
and some broadleaves in pre-emergence, 
however, for an efficient chemical 
management, it is recommended to 
incorporate it into the soil. Incorporation 
usually occurs after the application 
of the herbicide, in order to reduce 
losses caused by volatilization and 
photodegradation due to its high vapor 
pressure (Chowdhury et al., 2020). 
The experiments which evaluated 
selectivity of the herbicides metolachlor, 
oxadiazon, oxyfluorfen, pendimethalin, 
thiobencarb and trifluralin, applied on 
pre-transplanting of lettuce cultivar 
Elisa, considered selective trifluralin 
(1.15 kg ha-1) and thiobencarb (5.0 kg 
ha-1) herbicides (Giordani et al., 2000).

Flumioxazin is a product of contact 
action, whose mechanism of action 
is based on the inhibition of the 
enzyme protoporphyrinogen oxidase 
(PROTOX), being able to be applied 
in pre and post-emergence in order to 
control broadleaf weeds (Tiburcio et al., 
2012). Evaluating herbicide selectivity 
in cabbage crop, Reis et al. (2017) 

verified high percentage injury to crop 
at 15 and 30 days after flumioxazin 
application (40 g ha-1), when the 
herbicide was applied one day before 
seedling transplanting. In a study carried 
out on head lettuce “sharpshooter”, three 
application intervals were evaluated (90, 
60 and 30 days) before sowing. The 
herbicides tested were flumioxazin (71, 
105 and 211 g ha-1) and two formulations 
of oxyfluorfen, 280 and 560 g ha-1, each. 
The results showed that flumioxazin (71 
g ha-1) was selective for lettuce crop in 
the three evaluated application intervals 
(Fennimore et al., 2011). Herbicide 
selectivity in crops can be influenced 
by cultivar, plant growth stage and 
climatic conditions (Oliveira Junior & 
Inoue, 2011).

The lettuce cultivation in field 
under conventional system is the 
most important, considering area and 
production (Echer et al., 2016). Under this 
system, the seedbeds are prepared prior 
to planting, promoting incorporation of 
organic and chemical residues applied 
to the soil. In horticulture, an intense 
soil tickler (harrowing and seedbed 
raising operation) is common, mainly 
for crops, such as lettuce, in which 
seedbeds preparation is a common 
practice (Ferreira et al., 2009).

The authors in this study believe that 
lettuce cultivar Lucy Brown could be 
resistant to the application of trifluralin, 
flumioxazin and the mix of these 
two herbicides at pre-planting and in 
different types of soil management, 
which means, under tillage system or 
no-tillage. Given the above, this study 
aimed to evaluate the sensitivity of 
the lettuce cultivar Lucy Brown to the 
application of herbicides in pre-planting 
seedlings.

MATERIAL AND METHODS

The experiments were carried out 
in the vegetable-garden of Setor de 
Olericultura, at Universidade Estadual 
de Maringá, in Centro de Treinamento 
de Irrigação, municipality of Maringá-
PR (23º25’00’’S, 51º57’05’’W, altitude 
542 m). The soil in the experimental 
area had pH (H2O)= 7.1; C= 19.6 g dm-3; 
V= 83.71%, CTC= 22.30 cmolc dm-3; 

clay = 75.68%; sand = 12.26% and silt 
= 12.06%. Throughout the experiment, 
maximum, minimum and daily average 
temperatures were 37ºC, 11ºC and 24ºC 
respectively, and the maximum and the 
minimum rainfall were 26 mm and 0.2 
mm, respectively.

The experimental design was in 
randomized blocks, in a (3 x 3) + 1 
factorial scheme, with four replicates. 
The factors consisted of herbicide 
treatments in different application 
seasons .  The  t r ea tmen t s  were 
flumioxazin (120 g ha-1), trifluralin 
(450 g ha-1) and flumioxazin + trifluralin 
(120 + 450 g ha-1) in three different 
application seasons (0, 7 and 14 days 
before the lettuce seedling transplanting) 
and an additional herbicide-free control.

The study was conducted in two 
experiments (A and B) with the same 
experimental design, with different 
soil preparation, though. In experiment 
A, two different soil tillage operations 
were performed: the first operation 
was performed before the herbicide 
application in each of the three seasons 
[0, 7 and 14 days before transplanting 
(DAT)] and the second operation was 
performed immediately before the 
lettuce seedling transplanting for all 
treatments. Therefore, the transplanting 
was performed on the same day for all 
treatments. In experiment B, just one 
soil tillage operation was performed, 
before the herbicide application in 
each season (0, 7 and 14 DAT), no soil 
tillage operation immediately before 
transplanting was performed, though.

The plots consisted of a seedbed 
measuring 1.20 x 2.70 m, totalizing 3.24 
m2, with four planting rows spaced 0.30 
m between plants and 0.30 m between 
rows, using 36 plants in the total area. 
The authors considered as useful area for 
evaluations and harvesting, the fourteen 
central plants, not considering the 
borders. The seedbeds are historically 
used for planting of vegetables, 
presenting organic residues of previous 
crops. So, seedbeds were prepared 
with the aid of a micro-tractor with 
rotary tiller (10 cm) before applying 
the herbicides, which occurred from 
the fourteenth day before seedling 
transplanting (DAT). Top-dressing 
fertilizations were performed, using 
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urea (50% N) (200 kg ha-1) and foliar 
fertilizer Yogen 2 (28% N; 10,0% P2O5; 
1,0% Mg; 1,0% S; 0,03% B; 0,05% 
Cu; 0,10% Mn; 0,02% Mo; 0,10% Zn) 
(12 kg ha-1). The doses were splitted in 
five weekly applications, from the first 
week after seedling transplanting. Urea 
fertilizer was broadcast and Yogen 2 was 
diluted in water and manually watered.

The cultivar was chosen considering 
the market and climatic adaption to the 
region. Thus, in the two experiments, 
we used the head lettuce cultivar 
Lucy Brown, which presents an 
approximately 45-55-day cycle after 
transplanting. The plants are big and 
vigorous, showing thick leaves, being 
an excellent protection to the head, 
which is big, with good compactness 
and weight and light green coloration 
(Seminis Vegetable Seeds, 2016). The 
lettuce seeds were sown on trays with 
100 cells using the commercial substrate 
Carolina Soil® and the seedlings were 
transplanted 25 days after sowing.

The herbicides were applied on 
0, 7 and 14 days after transplanting 
(DAT) the lettuce seedlings. When the 
herbicides were applied no weeds were 
found in the experimental area. For 
all applications, we used a CO2-based 
constant pressure backpack sprayer 
equipped with an application bar with 
four XR-110.02 fan-tips, 0.5 m apart, 
under pressure of 38 lb in-2, at an 
application rate of 200 L ha-1.

Weeds were manually controlled 
during all experimental period, so the 
area was kept clean and free from weeds. 
Insecticides and fungicides were not 
applied during the experiment.

Irrigation was performed daily using 
two-nozzle sprinklers JET8020, spaced 
12 x 12 m, 30 mca pressure, with 0.90 
m3 h-1 flow rate, in three watering shifts, 
15 minutes each. This management was 
chosen to prevent the plants from being 
in conditions of scarcity and excess 
water. The shifts were performed at 9 
a.m., 12 a.m. and 3 p.m., totalizing 4.68 
mm day-1 irrigation depth.

Visual evaluations were done 
during the crop cycle. The authors 
noticed symptoms at 7, 21 and 35 days 
after transplanting (DDT) on lettuce 
seedlings in the seedbeds. During the 
visual evaluations, we scored from 0 

to100% on the useful area of each plot, 
where zero refers to no visual damage in 
plants and 100 refers to death of plants, 
according to the note scale proposed by 
Frans (1972).

At harvesting time, we evaluated 
growth and production indicators: leaf 
area, number of leaves and fresh head 
mass (crop yield). In order to obtain 
the leaf area, a leaf area meter (Delta 
T. Devices®) was used. The number 
of leaves was determined using two 
random samples of plants from each 
plot right after harvesting, excluding the 
senescent outer leaves. The counting was 
done highlighting the leaves considered 
usable for consumption and with a 
length greater than 3 cm.

In order to evaluate the crop yield, 
eight plants of the useful area of each plot 
were harvested, cutting the stem close 
to the ground with the aid of a knife. 
After cleaning the dead and senescent 
leaves, the plants were weighed using 
a digital scale with a resolution to two 
decimal places.

Data were submitted to homogeneity 
of variance tests (Bartllet) and test of 

residual normality (Lilliefors), meeting 
the assumptions of the analysis of 
variance (Banzatto & Kronka, 2015). 
Then, data were submitted to variance 
analysis and unfolding for significant 
interactions among factors. The average 
of treatments was compared using 
Tukey test at 5% probability and the 
control was compared to the treatments 
by Dunnet test at 5 % probability, using 
GENES statistical software.

RESULTS AND DISCUSSION

Experiment A
Significant interaction between 

factors for all evaluated variables 
(p<0.05) was verified. Herbicide injuries, 
when applied at 0, 7 and 14 days before 
lettuce seedling transplanting, showed 
a decrease in note scale in relation to 
phytointoxication, since the plants 
showed a tendency to recover during 
the evaluation.

In the first evaluation, performed 
7 days after transplanting (DDT), 
trifluralin applied isolated provided the 

Figure 1. Phytointoxication evaluation of lettuce plants cv. Lucy Brown at 7 (a), 21 (b) and 
35 (c) days after transplanting (DDP) in the experiment A (treatments consisted of different 
herbicide application seasons prior to planting (15, 7 and 0 DAT) and two soil tillage 
operations, one performed before herbicide treatments and one immediately prior to planting 
the lettuce seedlings); DBT= days before transplanting. Same lowercase letters do not differ 
between the herbicide treatments at the same application season and, same uppercase letters 
do not differ between the herbicide treatments between application seasons; Tukey test, 5% 
probability.  Maringá, UEM, 2016.
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lowest phytotoxicity value in the scale 
in all application seasons. However, 
in the last evaluation (35 DDT), the 
herbicide trifluralin, applied isolated at 7 
DAT, showed higher phytotoxicity when 
compared with flumioxazin application 
in isolated form, not influencing yield 
losses, since phytointoxication averages 
were reduced until the end of the cycle. 
Chaudhari et al. (2015) also observed 
the recovery of the tomato crop after 
high phytotoxicity levels caused by 
trifluralin (560 and 840 g ha-1), pre-
planting incorporated, early in the 
development cycle. Studying lettuce cv. 
Elisa, Giordani et al. (2000) observed 
the same symptoms when applying 
trifluralin pre-planting incorporated 
three days before seedling transplanting. 
The herbicide trifluralin was considered 
selective, due to a possible recovery of 
the crop. In the first application season 
(0 DAT), a greater recovery of lettuce 
plants was noticed, it means, a marked 
phytotoxicity reduction was verified, 
when compared to the other seasons 
(7 and 14 DAT) during the evaluations 
(7, 21 and 35 DDT). Such symptoms 
presented as a slight necrosis in the 
basal leaves.

The hypothesis which best explains 
the results found refers to the soil tillage 
performed before transplanting. The 
treatments corresponding to herbicide 
application at 7 and 14 DAT were 
incorporated to soil after tillage on 
the seedling planting date, it means, 
after one and two weeks, respectively. 

Due to the use of irrigation in the 
experimental area, high humidity may 
have contributed to a small incorporation 
of the product in the first soil layers. 
Trifluralin shows a better performance in 
a well moisturized soil, at high humidity 
conditions, the herbicide can be partially 
solubilized and distributed in the first 
layers of the soil surface, which will 

protect it from losses (Deuber, 1992). 
Afterwards, pre-planting tillage favored 
that spatial location of the herbicide 
changed due to a mix of different soil 
layers (0-10 cm), providing direct 
contact between the herbicides and the 
roots of the transplanted seedlings. The 
same did not occur when the application 
was performed at 0 DAT, since after 

Table 1. Results from the harvested experiment after herbicide applications at 14, 7, and 0 days before transplantation (DBT) of lettuce, 
cultivar Lucy Brown. The soil was tilled before and after the applications. Maringá, UEM, 2016.

Treatments
Number of leaves Leaf area (cm2) Lettuce yield (t ha-1)

0 DBT* 7 DBT 14 DBT 0 DBT 7 DBT 14 DBT 0 DBT 7 DBT 14 DBT
Flumioxazin 17.1 bB 27.0 abA 22.6 aAB 21.8 bA 30.4 abA 22.0 bA 19.9 bA 31.2 abA 16.8 bA
Trifluralin 28.7 aA 28.3 aA 29.5 aA 56.1 aA 42.7 aA 54.6 aA 47.8 aA 43.7 aA 48.4 aA
flumioxazin + trifluralin 17.8 bA 19.0 bA 20.8 aA 16.3 bA 15.4 bA 28.2 bA 23.8 bA 26.4 bA 33.3 bA
Untreated control 31.2 51.4 33.2
LSDline/column 9.92 8.99 8.99 29.07 26.33 26.33 19.40 17.5 17.5
LSDdunnet 11.18 30.7 21.4

CV (%) 21.45 39.23 37.51

*Herbicide application season, in days before transplanting (DBT); Same lowercase letters in the column and same uppercase letters in the 
line do not differ from each other, by Tukey’s test at 5% probability; Averages in bold are significantly lower than the control by the Dunnet 
test at 5% probability. LSD= Least significant diference.

Figure 2. Phytointoxication evaluation of lettuce plants cv. Lucy Brown at 7 (a), 21 (b) and 
35 (c) days after transplanting (DDP) in the experiment B (treatments consisted of different 
herbicide application seasons prior to planting (15, 7 and 0 DAT) and one soil tillage operation 
immediately prior to planting the lettuce seedlings). DBT= days before transplanting. Same 
lowercase letters do not differ between the herbicide treatments at the same application 
season and same uppercase letters do not differ between the herbicide treatments between 
application seasons. Tukey test, 5% probability. Maringá, UEM, 2016.
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the herbicide application, the soil was 
immediately tilled, promoting the 
herbicide incorporation into deeper 
layers (10 cm), preventing direct contact 
of the herbicide with seedling roots 
in early development. Leaching and 
lateral soil movement are restricted and, 
therefore, trifluralin tends to remain in 
the soil incorporation zone (Tiryaki et 
al., 1997).

In the second application season 
(7 DAT), trifluralin provided higher 
percentages related to damage to lettuce 
seedlings transplanted in the evaluation 
at 7 DDT (50%) and at 21 DDT (44%), 
being the main symptom the reduction 
of plant size. In the third application 
season (14 DAT), the initial damages 
verified were fewer (35%) and the 
plant recovered more abruptly between 
evaluation seasons (Figure 1c). The 
results for 14 DAT season showed that 
the permanence of the product on soil 
surface for 14 days before incorporation 
(when seedlings were transplanted), 
contributed to higher levels of losses by 
volatilization. The level of persistence 
of trifluralin in soil is regulated by 
several factors, including soil moisture, 
temperature, soil type and duration 
before incorporation (Messersmith et 
al., 1971; Horowitz et al., 1974).

Flumioxazin herbicide applied 
isolated showed phytotoxicity higher 
than trifluralin herbicide at 7 DDT at 
all seasons of application (0, 7 and 14 
DAT). This value decreased along the 
other evaluations (Figure 1). At 21 days 
after transplanting flumioxazin caused 

higher percentage of injuries to plants 
in comparison to the isolated application 
of trifluralin herbicide treatment when 
applied in the third season (14 DAT). 
In the third evaluation (35 DDT), 
we verified that flumioxazin was the 
herbicide which showed greater negative 
effect on the crop in the third application 
season (14 DAT). Flumioxazin activity 
may vary according to soil adsorption 
(Jaremtchuk et al., 2009).

The association of flumioxazin 
+ trifluralin, compared with other 
treatments, caused greater toxic effect 
on plants in most evaluations carried 
out during the crop cycle, showing final 
phytotoxicity values higher than 35% in 
the three application seasons.

The number of leaves per lettuce 
plant was not affected by the application 
season considering trifluralin and 
the flumioxazin + trifluralin mixture. 
However, the association of flumioxazin 
+ trifluralin reduced the number of 
leaves per plant when compared with 
the control in 7 DAT (Table 1). In 
0 DAT season, the treatments with 
isolated flumioxazin and flumioxazin 
+ trifluralin also reduced the number of 
leaves per plant when compared with 
the control.

The leaf area of the plants was not 
affected by the application at different 
seasons. At all application seasons, 
flumioxazin and the association of 
flumioxazin + trifluralin showed lower 
leaf area of lettuce when compared to 
the isolated application of trifluralin 
at 0 and 14 DAT. When compared 

with the control, the application of the 
association of flumioxazin + trifluralin 
decreased the values for this variable at 
0 and 7 DAT seasons (Table 1).

The yield of cv. Lucy Brown was 
not affected by herbicide application 
season (Table 1). However, within 
each application season, the authors 
noticed treatments with reduced crop 
yield, as for the application of isolated 
flumioxazin and the association of 
flumioxazin + trifluralin in relation 
to the application of trifluralin at 0 
and 14 DAT seasons. For application 
season at 7 DAT, trifluralin herbicide 
treatment isolated provided higher 
lettuce yield compare to the association 
of flumioxazin + trifluralin.

The reduced yield observed with 
the applications of flumioxazin and 
flumioxazin + trifluralin comparing 
with application of isolated trifluralin 
can be explained by the fact that these 
treatments caused negative effects 
on lettuce productivity components 
(number of leaves and leaf area) when 
compared with the herbicide-free 
control.

The action of trifluralin promotes 
inhibition of cell mitosis, normally 
acting on meristems and tissues of 
underground organs such as roots, 
epicotyls, hypocotyls, plumes, rhizomes, 
bulbs and seeds (Deuber, 1992). The 
growing and development of the plants 
depend on mitosis in meristematic 
regions, and cell division is a process 
which requires different cell organelles, 
structures and products of many genes 

Table 2. Results from the harvested experiment after herbicide applications at 14, 7, and 0 days before transplantation of lettuce, cultivar 
Lucy Brown. The soil was tilled only before the applications. Maringá, UEM, 2016.

Treatments
Number of leaves Leaf area (cm2) Lettuce yield (t ha-1)

0 DBT* 7 DBT  14 DBT 0 DBT 7 DBT 14 DBT 0 DBT 7 DBT 14 DBT
Flumioxazin 27.3 aB 31.7 aA 25.6 bB 38.5 53.2 39.8 35.5 38.8 35.0 
Trifluralin 27.7 aA 27.2 bA 30.3 aA 47.5 40.1 48.5 42.9 36.0 39.2 
flumioxazin + trifluralin 25.0 aB 30.1 abA 27.5 abAB 35.0 46.8 43.3 37.8 40.5 34.6 
Untreated control 31.0 55.8 44.6
DMSline/column 4.54 4.12 4.12
DMSdunnet 4.9

CV (%) 8.23 23.77 20.23
*Herbicide application season, in days before transplanting (DBT); Same lowercase letters in the column and same uppercase letters in the 
line do not differ from each other, by Tukey’s test at 5% probability; Averages in bold are significantly lower than the control by the Dunnet 
test at 5% probability; LSD= Least significant difference.
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to work properly (Fernandes et al., 
2013). The mechanism of action of 
flumioxazin promotes the inhibition of 
the enzyme protoporphyrinogen oxidase 
(PPO) and is characterized by a strong 
contact effect causing severe lesions 
on the leaves which may progress to 
rapid necrosis (Oliveira Junior, 2011). 
Lipid peroxidation results in rapid loss 
of membrane integrity and function, 
bleaching of chloroplast pigments, 
tissue necrosis, and ultimately inhibition 
of plant growth and death (Grossmann 
et al., 2011). Products in this action 
group are often associated with a rapid 
onset of symptoms (Mallory-Smith & 
Retzinger, 2003).

The combined effects of the two 
herbicides in relation to the flumioxazin 
+ trifluralin treatment and the isolated 
application of flumioxazin may be 
responsible for the negative symptoms 
in lettuce plants, resulting in higher 
phytotoxicity levels comparing with the 
isolated application of trifluralin. Thus, 
a greater requirement for metabolic 
expenditure by the plant to promote 
recovery from injuries caused by these 
treatments was observed, resulting in 
lower productivities.

Trifluralin was the most selective 
treatment, once, when applied isolated, 
it did not affect lettuce yield or its 
components at any time of application.

Experiment B
Significant interaction was observed 

among factors for number of leaves 
(p<0.05). The plants showed low 
variation in phytotoxicity note scale 
between treatments (Figure 2), being 
initially symptoms concerning the 
reduction in size, observed until the 
last evaluation (35 DDT), and some 
necrotic spots on leaves which touched 
the treated soil, showing recovery 
afterwards, though.

Treatments based on flumioxazin 
+ trifluralin (applied at 0 DAT season) 
and flumioxazin (applied at 14 DAT 
season) resulted in a decrease in number 
of leaves when compared with the 
control. Trifluralin isolated caused a 
negative effect on the number of leaves 
when applied at 7 DAT and compared 
to flumioxazin application at the same 
time (Table 2).

Tr i f l u r a l i n  i s  an  he rb i c ide 

which presents high vapor pressure 
(Oliveira Junior, 2011a), thus, not 
being incorporated in experiment B 
resulted in a less activity in the soil and 
consequently greater loss of the product 
by volatilization. Rodrigues et al. (1998) 
studied the pre-emergence herbicide 
trifluralin sprayed on no-tillage system 
under mulching and irrigated the soil 
with 20 mm water after applications; 
the results showed that trifluralin did 
not reach the soil and was lost as it was 
volatilized. These results corroborate the 
recommendation of incorporating the 
product to soil. In this experiment even 
without mulching on soil, the results 
showed significant losses of trifluralin 
herbicide through volatilization, due to 
fewer injuries to lettuce when comparing 
with the experiment A where the product 
was incorporated after different seasons 
on soil surface before seedling planting.

Flumioxazin has a strong contact 
action, causing the death of sensitive 
plants when they come into contact 
with the treated soil layer (Oliveira 
Junior, 2011). For the soil management 
conditions of experiment B, the herbicide 
was restricted to the first soil layers, thus 
reducing contact with the transplanted 
lettuce seedlings. Nevertheless, when 
the leaves eventually touched the soil 
surface, we observed some necrotic 
symptoms; these plants recovered until 
the end of the cycle, though.

Productivity and leaf area of lettuce 
plants were not influenced by application 
seasons concerning any evaluated 
herbicide (Table 2).

In both experiments (A and B), 
the (isolated) trifluralin herbicide 
application was the treatment which 
less negatively influenced the analyzed 
variables, demonstrating its selectivity 
potential for the lettuce crop.

Thus, observing the results of this 
study, the authors could conclude that 
for the conditions of the experiments, 
lettuce cv. Lucy Brown was insensitive 
to trifluralin herbicide application 
at 0, 7 and 14 days before seedling 
transplantation, regardless of the soil 
management carried out in the area, that 
is, incorporated or not. Flumioxazin, 
applied isolated or associated with 
trifluralin, provided a greater level 

of toxicity to lettuce plants cv. Lucy 
Brown.
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