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ABSTRACT: The objective of this work was to evaluate the herbicide selectivity and efficiency on weed control in forage cactus. 
The treatments were composed of oxyfluorfen, sulfentrazone, ametrine, hexazinone and the weeded control, with 4 replications. 
The potential quantum yield of photosystem II (Fv/Fm) was evaluated; phytotoxicity levels; productivity of green and dry mass of 
the aerial part and efficiency of the products in the control of the weeds. It was observed that there was no change in the potential 
yield of photosynthesis (Fv/Fm) of forage cactus, the values   were between 0.76 and 0.83 quantum-1 electrons, the plants did 
not show phytotoxicity, only those that received oxyfluorfen with later recovery. The average productivity of plants that received 
herbicides was similar to the weeded control. The herbicides oxyfluorfen and ametrine were efficient in the first 45 days after 
application (DAA), hexazinone showed moderate control until 45 DAA, sulfentrazone obtained low control of weeds that appeared 
in the experimental period. The herbicides were selective for forage cactus, oxyfluorfen, hexazinone and ametrine are efficient in 
controlling weeds up to 45 DAA.
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Seletividade de herbicidas na palma forrageira
(Nopalea cochenillifera) (L.) Salm - Dick cv miúda

RESUMO: O trabalho teve como objetivo avaliar a seletividade de herbicidas e a eficiência sobre o controle de plantas daninhas 
na palma forrageira. Os tratamentos foram compostos por oxyfluorfen, sulfentrazone, ametrina, hexazinone e a testemunha 
capinada, com 4 repetições. Foram avaliados o rendimento quântico potencial do fotossistema II (Fv/Fm); níveis de fitotoxicidade; 
produtividade de massa verde e seca da parte aérea e eficiência dos produtos no controle das plantas daninhas. Observou-se 
que não houve alteração no rendimento potencial da fotossíntese (Fv/Fm) da palma forrageira, os valores situaram-se entre 0,76 
e 0,83 elétrons quantum-1, as plantas não apresentaram fitotoxicidade, apenas as que receberam oxyfluorfen com recuperação 
posterior. A produtividade média das plantas que receberam herbicidas foi semelhante à testemunha capinada. Os herbicidas 
oxyfluorfen e ametrina foram eficientes nos primeiros 45 dias após a aplicação (DAA), hexazinona apresentou controle moderado 
até os 45 DAA, sulfentrazone obteve baixo controle das plantas daninhas que surgiram no período experimental. Os herbicidas 
foram seletivos para palma forrageira, oxyfluorfen, hexazinona e ametrina são eficientes no controle das plantas daninhas até 
os 45 DAA. 
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Introduction
The forage cactus is a plant of Mexican origin, however, 

it is currently dispersed on several continents, except in the 
polar regions (Marques et al., 2017). In Brazil, especially in 
the Northeast region, it is considered one of the main sources 
of fodder for ruminants during the dry period of the year. 
This forage presents adaptation characteristics to the semi-
arid climate due to its high water use efficiency and drought 
tolerance (Castro et al., 2020). 

In Northeast Brazil, two species of forage cactus Opuntia 
ficus-indica Mill are mainly cultivated, with the cultivars 
gigante and round, clone IPA-20 and Napalea cochenillifera 
Salm - Dyck, whose cultivar is the ‘palma miúda’ or sweet 
palm, in the state of Alagoas, Brazil, the cultivar ‘miúda’ is 
planted on a large scale (Silva, 2019). 

Among the main problems affecting the cultivation of this 
cactacea are those related to weed interference. In addition 
to competition for productivity factors, weeds have their 
negative effect intensified in forage cactus crops, mainly due 
to the slow growth of this plant (Carvalho et al., 2016). In 
addition, the shallow root system of the forage cactus makes 
it very sensitive to mechanical control which, depending on 
the size of the property, becomes a costly practice for the 
producer (Castro et al., 2021). 

For a better performance of the crop, the chemical 
management of weeds in palm groves becomes a viable 
alternative, provided it is adopted correctly, with products that 
do not cause a reduction in crop productivity. The objective of 
this work was to evaluate the selectivity of herbicides, as well 
as their efficiency in weed control in the cultivation of forage 
cactus (N. cochenillifera) (L.) Salm Dick cv miúda.

Materials and Methods
The experiment was conducted at the Campus of 

Engineering and Agricultural Sciences of the Universidade 
Federal de Alagoas - CECA/UFAL (latitude 09°28’03” S; 
longitude 35°49’50” W; altitude 127 m). The soil of the region 
is classified as cohesive yellow argissolic latossolo of medium-
clayey texture, the climate is classified as As’ (tropical 
megathermal with rains in the autumn - winter) (SEMARH, 
2020). 

The planting of the experimental area was done manually, 
using cladodes of the ‘miúda’ forage cactus (N. cochenillifera) 
previously dehydrated for ten days and free of pests and 
diseases. The experimental plots consisted of 3 rows of plants, 
each 2 m long, with spacing of 1.20 m between rows and 0.20 
m between plants, totaling a population of 41,666 plants ha-1. 
The useful area was composed of the central row of each plot, 
leaving out two plants on each side of the row, totaling 8 plants. 
Before receiving the treatments, the experimental plots were 
kept free of weeds by manual weeding. 

At 390 days after planting (DAP), when the plants presented 
cladodes of various orders and sizes and ages, the experimental 

plots received the treatments, which consisted of 4 herbicides 
(ametrin 4,000 g ha-1, hexazinone 375 g ha-1, oxyfluorfen 1,240 
g ha-1, and sulfentrazone 600 g ha-1) and the control (manual 
weeding). The doses used were based on the manufacturer’s 
recommendation, using the highest dose recommended for 
the sugar cane crop, enabling a broad spectrum of weed 
species control. For the application of the products a CO2 
pressurized knapsack sprayer was used, coupled with a boom 
with two 110.02 flat fan spray tips, spaced at 0.50 m apart 
with a constant pressure of 2.0 kgf cm-2, providing a spray 
volume of 200 L ha-1. The application was directed on top of 
the row of plants corresponding to the useful area (central 
row). During the application the other plants were protected 
with a plastic tarp structure to make sure that the product 
reached the desired target and to protect the other plants in 
the plot.

The variables analyzed during the experimental 
period were: potential quantum yield of photosystem II 
photochemical activity (Fv/Fm); phytotoxicity in the crop; 
efficiency of products in the control of weeds and productivity 
of green and dry mass of the aerial part of the palm ‘miúda’. 

The potential quantum yield of photosystem II (Fv/Fm) was 
evaluated using a portable frequency-modulated fluorometer 
model PAM 2500, Walz - Germany. The evaluations were made 
at 2, 4, 8, 16, 32, and 64 days after application (DAA) of the 
herbicides. Before the measurements, the cladodes were kept 
in the dark for 30 minutes to deactivate the electron transport 
chain of the photosystem (Bolhar-Nordenkampf & Oquist, 
1993). To do this, we used clamps adapted and made from 
thin aluminum plate, black rubberized material, and glue. The 
cocks were placed in three different cladodes, 1st, 2nd, and 3rd 
order on one plant in each plot, and for the statistical analysis 
the average obtained from the reading of the three cladodes 
was considered. 

The classification of the cladodes was done as follows: the 
first order ones are those that originated from the planted 
cladode, or mother cladode; second-order ones originate 
from the first-order ones; and, the third-order ones are those 
that come from the second-order ones, and so on.

The evaluation of phytotoxicity caused by herbicides on 
the forage cactus occurred concomitantly with the readings 
of the potential quantum yield of photosystem II (Fv/Fm), for 
which we used the visual rating scale (Table 1) for phytotoxicity 
evaluation (ERWC, 1964).

The scales were given based on visual observations, 
analyzing all the plants in the useful area of the plot.

The evaluation of the weed control efficiency occurred at 
30, 45, and 90 DAA of the products. Before the application, 
manual weeding was performed in the plots, removing all 
weeds. In each plot, after the application of the treatments, 
weed emergence was evaluated using a 0.25 m² square. The 
weeds were collected, separated, counted, and identified. 
With the results, the percentage of control was calculated 
based on the number of plants that emerged in the control 
(without herbicide use) for which Equation 1 was used:
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where:
NPte - total number of plants that appeared in the control 

group; and,
NPtr  - total number of plants that appeared in the 

treatment. 

To calculate the percentage of control per species, we 
considered the species that appeared most frequently in the 
control treatment and used Equation 2: 

Dry mass yield was obtained by multiplying the green mass 
yield by the dry mass content of each treatment. To obtain 
the dry mass content, a 500 g sample was taken from each 
treatment, and then dried in an oven with forced ventilation 
at 65 oC to remove all the water and obtain constant mass. 

The data collected in the experiment were submitted to 
variance analysis and the means were compared using Tukey 
test (p = 0.05), using the Sisvar software version 5.7.

Results and Discussion
The quantum yield power of photosystem II of millet palm 

was not affected by the herbicides (p ≥ 0.05), regardless of 
the evaluation season (Table 2). The values were between 
0.76 and 0.83 electron quantum-1. Brito et al. (2018) observed 
similar values in forage cactus (Opuntia ficus-indica Mill) cv 
gigante under optimal growing conditions, with values ranging 
from 0.75 to 0.82 electrons quantum-1.

The value of this variable can range from 0.75 (minimum 
limit) to 0.85 (maximum limit) in most plant species when 
kept under normal, unstressed growing conditions. Values 
lower than these indicate impairment in the maximum 
quantum efficiency of photosystem II and, consequently, the 
photosynthetic potential of the plant when they are, among 
others, subjected to herbicide application (Silveira et al., 
2017). 

Throughout the evaluation period, the Fv/Fm values 
were maintained with low variation, regardless of the order 
of the cladodes (1st, 2nd, and 3rd), indicating the absence 
of photoinhibitory effect caused by the herbicides used. 
Morphological characteristics of this cactacea such as the 
reduced amount of stomata and cladodes with thick cuticles 
influence the absorption of herbicides by the cladodes and 
may explain the low penetration of the molecules in the plant, 
preventing the product from reaching the site of action in the 
target cell, this being one of the factors responsible for the 
low sensitivity of the forage cactus cv miúda to the application 
of these herbicides (Salvador et al., 2021).

Another determining factor for the selectivity of oil palm to 
herbicides is related to its low transpiration due to the lower 
frequency of stomatal opening, which directly influences 
the uptake of photosystem II inhibitor products, since they 
are efficiently transcollected via xylem and depend on the 
transpiratory flow of the plant to be absorbed via the root and 

Table 1. Visual rating scale for phytotoxicity evaluation (ERWC, 
1964). Where: “scale 1” means absence of symptoms and 
“scale 9” means death of 100% of the plants.

( ) ( )NPte NPtr
Control % 100

NPte
−

= ×

( ) ( )NEte NEtr
Control % 100

NEte
−

= ×

where:
NEte - number of plants of the same species that have 

appeared in the control; and,
NEtr  - number of plants of the same species that appeared 

in the treatment.

Green mass yield was obtained at harvest at 90 DAA of 
the products and 480 DAP. All the cladodes from the useful 
area of each plot were harvested and weighed while still in 
the field. To obtain the yield in t ha-1 the total weight of the 
plot was divided by the number of plants harvested, thus 
obtaining the average weight of each plant and the result 
was multiplied by 41,666, which corresponds to the number 
of plants ha-1. 

* Averages followed by the same lower case letter in the row and capital letter in the column are not statistically different by Tukey test at 5% probability.

Table 2. Photosystem II potential quantum yield (Fv/Fm) of forage cactus (N. cochenillifera) cv miúda submitted to different 
herbicide applications.

(1)

(2)
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transcollected to the leaves where they will act on the active 
site of enzymes (Scalisi et al., 2016).

The levels of injury caused in the cladodes of the date 
palm after application of the herbicides showed significant 
difference by Tukey test (p < 0.05). Only oxyfluorfen treated 
plants show phytotoxic reaction from the fourth day after 
application (DAA), the damage progressed from very light 
(scale 2) to heavy with no effect on yield (scale 4) at 16 DAA. 
From this point on, the plants started to recover progressively 
until the disappearance of the symptoms that occurred after 
64 DAA (Table 3).

Injury consisted of reddish-brown spots at the contact 
points between the herbicide and the crop and over time 
they did not coalesce, this occurred because oxyfluorfen is 
a herbicide of non-systemic action and does not translocate 
in plant tissue, requiring a good coverage of the plants when 
it is applied post-emergence (Assunção et al., 2017). The 
greatest damage was observed in the youngest cladodes 
(Figure 1), recently sprouted, precisely because they have 
more meristematic tissues and less cuticle, facilitating the 
penetration of the product applied.

PROTOX inhibitor herbicides, when in contact with plants, 
show little selectivity, however many crops have the ability 
to recover the affected leaf area due to specific mechanisms 
capable of interfering with the absorption translocation and 
metabolism of herbicide compounds in the tissues of treated 
plants (Brusamarello et al., 2021). This was observed in the 
present study, where the plants showed a certain level of injury 
when treated with oxyfluorfen, with subsequent recovery.

In assessing the damage caused by PROTOX inhibitor 
herbicides in soybean (Glycine max L.), Gallon et al. (2016) 
observed that lactofen application caused injury to the 
crop that recovered 20 DAA without yield reduction. Costa 
et al. (2019), on the other hand, found that the application 

of oxyfluorfen to the sunflower crop caused injury that 
disappeared over time.

Regarding the efficiency of herbicides in controlling 
weeds, there was a significant difference depending on the 
product used. The experimental area showed heterogeneity 
of monocot and dicot infestation. The main plants observed 
during the evaluation period were: Euphorbia hyssopifolia 
(‘burra-leiteira’), Richardia brasiliensis (‘poaia-branca’), 
Digitaria spp. (‘capim-colchão’), Acanthospermum australe 
(‘carrapicho-rasteiro’), Blainvillea rhomboidea (‘erva-de-
palha’), Marsypianthes chamaedrys (‘hortelã-do-campo’), 
Spigelia anthelmia (‘erva-lombrigueira’), Emilia spp. (‘falsa 
serralha’), and Mimosa spp. 

The percentage of weed control varied for each molecule 
used (Table 4). At 30 DAA all products were efficient and 
showed control greater than 85%, except sulfentrazone that 
showed control less than 70%, but did not differ statistically 
from the others. At 45 DAA there was a small decrease in the 
control percentage of all products and ametryn showed the 
highest control (92.22%), but did not differ from oxyfluorfen 
(90.24%) and hexazinone (85.71%).

The reduction in the efficiency of some herbicides in 
controlling weeds over time can be explained by the decrease 
in the residual amount of these products in the soil. The large 
amount of water available (400 mm) during the evaluation 
period and during the experiment contributed to the leaching 
of some products, such as sulfentrazone and hexazinone, which 
have greater solubility, removing them from the superficial layer 
of the soil and taking them below the growth zone of the plants.

In evaluating the degradation of herbicide molecules, 
Trovato & Scorza Junior (2019), observed that increasing 
soil temperature and moisture decreased the persistence of 
hexazinone characterizing a faster degradation and reducing 
the half-life time. According to Ribeiro (2016), soil moisture 

Table 3. Phytotoxicity in millet forage cactus (N. cochelinifera) after herbicide application at different evaluation periods. 
Average data refers to scales, ranging from 1 (no injury) to 9 (total loss).

* Averages followed by the same lower case letter in the row and capital letter in the column are not statistically different by Tukey test at 5% probability.

Figure 1. Cladodes of millet palm with injuries caused by 
oxyfluorfen. Older cladodes with low penetration of the 
product (A), young, newly sprouted cladodes with high levels 
of injury due to increased penetration of the product (B, C).

* Averages followed by the same letter in the column are not statistically different by 
Tukey test at 5% probability.

Table 4. Average weed control values at 30, 45, and 90 DAA.
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is an important factor in maintaining microbial activity 
(sulfentrazones main degradation pathway), so in moist soils 
herbicides will naturally have less residual effect and persistence 
decreasing the interval between applications for weed control.

The low efficiency of sulfentrazone in weed control may 
also be associated with the species that emerged in the 
experimental area, since, this herbicide shows better control 
of cyperaceae such as ‘Tiririca’ (Cyperus rotundus) and some 
monocotyledons (Simplício et al., 2018).

At 90 DAA there was a marked decrease in the control of 
the main weeds for all herbicides, possibly due to residual 
reduction of the products in the soil, in this period only 
oxyfluorfen showed control greater than 70%, but did not 
differ from sulfentrazone and ametrine, which in turn showed 
similar control to hexazinone, both were equal to the control. 
Guerra et al. (2016) when evaluating the leaching potential 
of herbicides in sugarcane with the use of irrigation slides, 
found that oxyfluorfen has greater persistence in the soil 
when compared to other herbicides due to its lower solubility, 
while hexazinone was the herbicide that showed the lowest 
persistence in wet soil due to greater leaching, corroborating 
the results found in the present study.

The ‘burra-leiteira’ (E. hyssopifolia) was the species 
with the highest frequency during the evaluations, and the 
herbicides oxyfluorfen and hexazinone showed the highest 
control efficiency on this plant species when compared to the 

control (Table 5). Richardia brasiliensis (‘poaia-branca’), was 
well controlled in the treatments with ametryn and hexazinone 
(100%), followed by oxyfluorfen (85.71%), and sulfentrazone 
(57.14%). For Digitaria spp. all herbicides showed control 
above 75%, with oxyfluorfen and ametryn showing the best 
control followed by hexazinone and sulfentrazone.

Acanthospermum australe (‘carrapicho-rasteiro’) was well 
controlled by all herbicides except for sulfentrazone (63.64%). 
Blainvillea rhomboidea (‘erva-de-palha’) and Marsypianthes 
chamaedrys (‘hortelã-do-campo’) were effectively controlled 
(100%) by all herbicides used.

In the evaluation of photosystem II inhibitor herbicides 
(ametryn and hexazinone), Tropaldi et al. (2017) obtained 
control greater than 95% at 30 DAA for ‘capim-colchão’, 
corroborating with the results found in the present work. 
Ribeiro (2016), on the other hand, obtained control ranging 
from 89.0 to 90.3 % for doses of 400 to 800 g ha-1 of 
sulfentrazone in the eucalyptus crop at 45 DAA, as well as a 
reduction in the percentage of control over time, with reduced 
efficiency at 115 DAA. 

The variables green and dry mass productivity of the aerial 
part of the forage cactus (N. cochenillifera) cv miúda showed no 
significant difference (p > 0.05) by the Tukey test, indicating that 
the herbicides did not negatively affect the productive yield of 
the crop (Figure 2). However, in the treatment with hexazinone 
the highest yields were obtained: 137.96 and 8.38 t ha-1 of green 

* Averages followed by the same letter, upper case for GM and lower case for DM do not differ statistically by the Tukey test at 5% probability.

Figure 2. Productivity of green mass (GM) and dry mass (DM) of millet palm submitted to application of different herbicides. 

* Averages followed by the same letter in the column are not statistically different by Tukey test at 5% probability.

Table 5. Percentage of control of main weeds at 30 DAA of the herbicide based on the control treatment.
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mass (GM) and dry mass (DM), respectively, which represents 
an increase of 12.70% in productive yield when compared with 
the control, which showed values of 122.37 and 7.35 t ha-1 of 
GM and DM, respectively. The treatments with sulfentrazone 
and oxyfluorfen showed lower yields than the control, but did 
not differ statistically from the control. 

When using herbicides that inhibit photosystem II in the 
forage cactus, Suassuna (2013) observed a significant reduction 
in weed infestation without harming the palm, leading to a 
decrease in the production costs of this crop. Gallon et al. 
(2016), on the other hand, when evaluating the action of 
PROTOX inhibitor herbicides on soybean development, found 
no reduction in grain yield. 

Conclusions
The herbicides sulfentrazone, ametryn, hexazinone 

and oxyfluorfen are selective for the forage cactus (N. 
cochenillifera) (L.) Salm Dyck cv miúda. 

The herbicides tested neither alter the potential 
quantum yield of photosynthesis (Fv/Fm) nor cause injury 
to the chickweed palm, except oxyfluorfen which causes 
phytotoxicity in newly sprouted cladodes.

The herbicides oxyfluorfen, hexazinone, and ametryn are 
efficient in controlling weeds until 45 DAA, while sulfentrazone 
showed low control throughout the evaluated period. 

The productivity of millet forage cactus is not affected by 
postemergence application of the herbicides sulfentrazone, 
ametryn, hexazinone and oxyfluorfen. 
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