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SUMMARY

Background. Synthetic herbicides have reduced crop yield losses due to competition with weeds. However, their
excessive use has led to the development of resistant ecotypes and damage to health and the environment. In response,
countries such as Mexico have issued decrees to reduce their use, prompting the search for alternatives to glyphosate.
Objective. To determine the efficacy of five natural and three synthetic herbicides for arvenses control in Veracruz,
Mexico. Methodology. At INIFAP's Cotaxtla Experimental site, Zecatryn, Sec Natural, Herbitech, Kill-Herbs, and
Vinecide were evaluated, as well as glyphosate, paraquat, and ammonium glufosinate, using commercial doses. A
randomized block design with four replicates was used. Results. Weed control was achieved between 80 and 90%
with glyphosate and Sec Natural up to 40 days after application (DAA), with similar results to those of Herbitech, Kill-
Herbs, and ammonium glufosinate (70-80%). Paraquat achieved 50%, while Zecatryn recorded less than 15%.
Implications. Some of the natural herbicides evaluated could be used as alternatives to glyphosate. Conclusions.
Glyphosate showed higher effectiveness, with control greater than 80% at 70 DAA. Sec Natural, Herbitech, and Kill-
Herbs had good to moderate efficiency up to 40 DAA, positioning them as viable bioherbicide options in an integrated
weed control approach.
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RESUMEN

Antecedentes. Los herbicidas sintéticos han reducido la pérdida de rendimiento de los cultivos por competencia con
malezas. Sin embargo, su uso excesivo ha generado ecotipos resistentes y dafios a la salud y el ambiente. Ante esto,
paises como México han emitido decretos para reducir su uso, motivando la busqueda de alternativas al glifosato.
Objetivo. Determinar la eficacia de cinco herbicidas naturales y tres sintéticos para el control de arvenses en Veracruz,
Meéxico. Metodologia. En el Campo Experimental Cotaxtla del INIFAP, se evaluaron Zecatryn, Sec Natural,
Herbitech, Kill-Herbs y Vinecide, junto con glifosato, paraquat y glufosinato de amonio, empleando dosis comerciales.
Se utiliz6 un disefio de Bloques al Azar, con cuatro repeticiones. Resultados. El control de malezas alcanzoé entre 80
y 90% con glifosato y Sec Natural hasta 40 dias después de la aplicacion (DDA), con resultados similares a Herbitech,
Kill-Herbs y glufosinato de amonio (70-80%). Paraquat logr6é un 50%, mientras que Zecatryn registré menos del 15%.
Implicaciones. Algunos de los herbicidas evaluados podrian utilizarse como alternativas al glifosato. Conclusiones.
Glifosato mostré mayor efectividad, con control superior al 80% a los 70 DDA. Sec Natural, Herbitech y Kill-Herbs
tuvieron eficiencia de buena a regular hasta los 40 DDA, posicionandolos como opciones viables de bioherbicidas en
un enfoque de control integrado de malezas.

Palabras clave: Baltimora recta; Ixophorus unisetus; Parthenium hysterophorus; Cyperus rotundus.
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INTRODUCTION

Competition between crops and weeds is one of the
main factors that decreases yield and producers'
income in most production systems (Horvath et al.,
2023). Globally, it is estimated that weeds can cause
yield losses ranging from 30 to 50% (Quintero-Pertaz
and Carbon6-De la Hoz, 2016), and in some cases, the
loss can be total (Colbach et al., 2020). For example,
in the 17 major crops of India, Gharde and Singh
(2018) reported actual yield losses ranging from 13.8
to 35.8%, although potential losses range from 30.3%
in wheat to 67.8% in sugarcane. In Mexico, it has been
determined that when chemical treatments do not
provide adequate control or when weeds are not
adequately managed, crop yields can be severely
affected. In the case of beans, yield reductions can
range from 44 to 96% (Esqueda-Esquivel et al., 2025).
For rice, losses can reach values between 61% and
100% (Esqueda-Esquivel et al., 2015), in corn from
63% to 92% (Fonteyne et al., 2022), and in wheat from
17% to 47% (Medina-Céazares ef al., 2024).

For weed control, various methods are available,
including manual, mechanical, biological, physical,
and chemical approaches. Among these, herbicide
application is the most commonly used method in the
country for basic crops and fruit plantations, especially
citrus. Herbicides can be applied to the soil
(preemergence) or to the foliage (postemergence). In
Mexico, foliar application of herbicides is
predominant, which can be either selective or non-
selective. Glyphosate is the most widely used
herbicide in the country and worldwide; it is a non-
selective, non-residual, and systemic product, allowing
it to control both annual and perennial weeds (Kanatas
et al., 2021; Ahuja et al., 2024). In the country, this
herbicide is used extensively in conservation tillage
systems in corn (Monroy-Sais et al., 2022), citrus
plantations (Palma-Baustista et al., 2019) and other
fruit trees (Merlo-Reyes et al., 2024). It is also applied
in glyphosate-resistant cotton crops (Rocha-Munive et
al., 2018), the only transgenic crop authorised for
commercial planting in Mexico.

Paraquat and glufosinate-ammonium are other non-
selective herbicides that, in some cases, are used as
alternatives to glyphosate to control annual weeds
(Orozco and Garcia, 2024). In Mexico, the
indiscriminate use of glyphosate has contributed to the
development of seven weed biotypes with resistance to
this herbicide, six of which are found in citrus orchards
and one in the transgenic cotton crop (Dominguez-
Valenzuela ef al., 2017; Arispe-Vazquez et al., 2023;
Heap, 2025). In addition to the agronomic and economic
problems associated with the presence of glyphosate-
resistant weed biotypes, glyphosate has been identified
as a soil and water contaminant, with its residues posing
arisk to both human and animal health (Pérez-Vazquez
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et al., 2024). However, there are still discrepancies
among scientists about the magnitude and importance of
the problem, as well as the consequences that its
possible prohibition could cause (Andreotti ef al., 2018;
Torretta et al., 2018; Low, 2020).

On December 31, 2020, the first presidential decree was
published, mandating a series of actions for Mexico to
phase out the importation and use of the herbicide
glyphosate as of April 2024 (SEGOB, 2020). A second
decree was published on February 13, 2022 (SEGOB,
2022). Among the activities of the Federal Public
Administration implemented by the CONAHCYT
(Consejo Nacional de Humanidades, Ciencias y
Tecnologias) to comply with the decree, highlights the
support to research and diffusion projects to promote an
integral ecological management of weeds in Mexico
with the most common and successful practices in our
country stands out: false sowing, non-living plant
covers, living plant covers, brush cutter, power tiller,
orchard grazing, crop rotation, high density sowing,
polyculture of annuals, agroforestry polyculture,
bioherbicides and plastic covers (Urrutia and Garcia,
2024); however, in the absence of viable alternatives for
the field; this prohibition was postponed until practical,
agroecological and healthy options are found or
developed.

Although many pesticides are currently formulated
based on natural products, only 7% of conventional
herbicides are derived from this type of natural
product, despite weeds having the most significant
negative impact on crop productivity (Dayan and
Duke, 2014). In Mexico, there have been many
evaluations of plant extracts or commercial
bioherbicides for weed control; however, many studies
have been conducted in laboratory conditions,
determining good efficiency in inhibiting germination
or radicle length of weed seeds (Tejeda-Sartorius and
Rodriguez-Gonzalez, 2008; Cruz-Ortiz and Flores-
Méndez, 2021; Miranda-Arambula et al., 2021), or
greenhouse on potted plants (Daniel Gomez and
Jiménez Estrada, 2024), which is not necessarily
reflected in reasonable weed control in the field.

In addition, to commercialize the extracts, it is required
that they are presented in adequate formulations and
application methods that allow uniform distribution,
without requiring high doses that increase costs (Souza
et al., 2020). In organic agriculture, certain products
are used as herbicides, including corn gluten meal,
acetic acid, fatty acids, and essential oils. These
products are not very active and are not selective for
specific crops, requiring large quantities and
complicated application methods to protect the target
crop. Consequently, they are restricted to small areas
and crops of high economic value (Dayan et al., 2009;
Cantrell et al., 2012).
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In Mexico, the commercial availability of
bioherbicides is relatively new. Their efficacy depends
on several factors related to their bioactive
compounds, allelochemical content, stage of plant
development, type of formulation, application method,
soil type and environmental factors such as light,
carbon dioxide, temperature and humidity, so rigorous
evaluations are required to know their efficacy and
reliability in weed control (Hasan et al., 2021). The
effectiveness of these herbicides has been highly
variable, ranging from null to excellent control. For
example, Espinosa-Ramirez and Cisneros-Lopez
(2022) determined that the effect of Sec Natural and
Herbitech herbicides on weeds was not significantly
different from that of the control without application.

According to Esqueda et al. (2021; 2022), in orange
and Persian lime, Sec Natural and Herbitech showed
fair to poor control, so they cannot be considered as
alternatives to replace glyphosate. Other authors, such
as Orozco and Garcia (2024), concluded that the same
herbicides applied at 10 days of weed age were
promising for weed control in banana crops, with a
biological activity exceeding 90%. In rainfed maize,
Schwentesius-Rindermann et al. (2024) found that the
efficacy of Herbitech and nicosulfuron herbicides was
similar, with values of 42% and 41%, respectively;
whereas, Zecatryn and 2,4-D amine had values below
25%. Alvarado et al. (2016) noted that vinegar,
containing acetic acid at a dosage of 20% in 600 L of
water, can function as a natural herbicide with efficacy
greater than 85% when applied during the early stages
of weed phenological development.
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The objective of this study was to determine the
biological effectiveness of five natural herbicides and
three herbicides for the control of monocotyledonous
and dicotyledonous weeds in the center of the state of
Veracruz.

MATERIALS AND METHODS

The experiment was established on November 7, 2024,
in a non-crop plot at the Cotaxtla Experimental Field
Station belonging to the Instituto Nacional de
Investigaciones Forestales, Agricolas y Pecuarias,
located in the municipality of Medellin, Veracruz,
Mexico, at coordinates 18°55'56.3" NL and
96°11'31.9" WL, at an altitude of 18 m. The climate of
the region was classified as Aw,, the most humid of
the warm sub-humid (Soto et al., 2001). A randomised
block experimental design with four replications was
employed—the experimental units measured 3 m in
width by 5 m in length. Nine postemergence treatments
were evaluated, consisting of different herbicides,
organic herbicides and a control without application
(Table 1). Herbicide doses were adjusted according to
supplier recommendations. For the application, the
nonionic surfactant ADP was added at a dose of 250
mL per 100 L of water. For the Zecatryn and Kill-Herb
herbicides, the solution was titrated to a pH of 4.
Additionally, molasses, humic acids, and ammonium
sulfate were added to Zecatryn at doses of 2L, 2 L, and
2 kg per 100 L of water.

Table 1. Treatments evaluated at the Campo Experimental Cotaxtla of INIFAP.

No. Treatment Dosage Composition
1 Zecatryn® 200 mL/100 L of  Penetrating agent 4%, acetic ferment leachate 29%, botanical
water extracts of aromatic plants 25%, potasic salts of vegetable oils 35%,
inerts and diluents 27%.
2 Sec Natural 1500 mL/100 L Confer oil (40%), Datura stramonium extract (10%), allelopathic
of water plant extracts (42%), Puccinia sp. metabolites (2%) and non-
hydrogenated coconut oil.
3 Herbitech 1500 mL/100 L Common mullein 20%, coconut oil 20%, pine resin 20%, Puccinia
of water Sfungi 20% and papain 20%.
4 Kill-Herbs* 1000 mL/100 L Organic acids 10%, Puccinia spp. metabolites 15%, allelophatic
of water extract of wild plants 5%, enzymes 20%, surfactants, diluents, and
conditioners 50%.
5 Vinecide 20000 mL/100 L Acetic acid (98%), citrus x lemon (0.12%), propanol (0.44%) and
of water potassium hydroxide (1.44%).
6 Glyphosate 1089 g active Glyphosate monoammonium salt at 41% by weight, and 59% of
ingredient/ha inert ingredients (surfactant, humectant, and diluent).
7 Paraquat 600 g active Paraquat (25%) and inert ingredients (diluent, humectant and
ingredient/ha stabilizer) (75%).
8 Glufosinate- 420 g active Glufosinate ammonium (18.4%) by weight and inert ingredients
ammonium ingredient/ha (humectant, neutralizing agent and solvent) 81.6%.
9 Control without -
application

&The solution was titrated to a pH of 4. * Molasses, humic acids and ammonium sulfate were added in doses of 2 L, 2
L and 2 kg per 100 L of water.
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All treatments were applied with a Honda 2525T
motorized backpack sprayer, equipped with a boom
with four 8003 flat fan nozzles, calibrated to spray
312.5 L of solution per hectare. Only 2.4 m wide plots
(12 m?) were applied, leaving 0.30 m unsprayed strips
on each edge (1.5 m?), which were used as lateral
weeded strips at the time of the control evaluations.
The weed species present in the experimental site are
common in the region and were taxonomically
identified by consulting Vibrans (2009) and WFO
(2025). To determine the initial density of weeds
before the application of treatments, counts were made
per weed species using a 1 m? square randomly placed
in the control plots without treatment application.
Additionally, the height of five plants of each
dominant species was recorded.

At the time of application, the topsoil had little
moisture, but below this, the moisture level was greater
than 50% of the field capacity. To evaluate the efficacy
of the herbicides in weed control, five evaluations were
conducted at 10, 20, 30, 40, and 70 DAA. In each
experimental unit, the effect of the treatments was
evaluated visually by dominant weed species and
grouped weeds, comparing the plants of the treated
plots with those of the weeded lateral controls, and
assigning a value to the toxicity observed, using a
percentage scale (0 to 100%), where zero meant that
the weed was not affected and 100% meant that it was
eliminated.

To homogenize variances, weed control percentage
data were transformed to their sine arc V% values
(Frans et al., 1986). Analyses of variance were
performed on the transformed data, and Tukey's test (a
= 0.05) was used to separate the means. The SAS
package (SAS Institute Inc., 2015) was used to
perform the statistical analyses. Although the analyses
of variance and tests of separation of means were
carried out with transformed data, for clarity, the
percentages of weed control are presented using the
original data. Therefore, in the results tables, the value
of the minimum significant difference, corresponding
to the transformed data, did not always agree with that
obtained with the original data.

RESULTS

Nine weed species belonging to eight botanical
families were present on the experimental site. The
dominant species were purple nutsedge, parthenium
weed, Honduras grass and beautyhead, which together
occupied 94.15% of the total weed population (Table
2). The average height of the dominant weed species
was 9.96 cm for Cyperus rotundus, 3.00 cm for
Parthenium hysterophorus, 12.50 cm for Ixophorus
unisetus and 6.60 cm for Baltimora recta.
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In the first evaluation conducted at 10 DAA, no
herbicidal effect was observed on any of the species
evaluated with the Zecatryn treatment, nor with
Vinecide. The lack of herbicidal action of these
treatments continued in all remaining evaluations,
indicating that they cannot be considered alternatives
to replace commercial herbicides commonly used for
non-selective weed control. For this same reason, they
will not be compared again with treatments that
influenced at least one weed species. The glyphosate,
paraquat, and glufosinate-ammonium treatments
provided total control of B. recta, statistically similar
to Sec Natural and Herbitech, which in turn were
similar to Kill-Herbs, whose controls of this species
ranged from 98 to 99%. Total control of 1. unisetus was
achieved with glyphosate, which was not significantly
different from the Sec Natural and Herbitech controls,
although the latter two were also similar to the control
obtained with Kill-Herbs. With paraquat and
glufosinate-ammonium, control rates for this species
ranged from 75% to 80%. Total control of P.
hysterophorus was achieved with glyphosate,
glufosinate-ammonium, and Herbitech, although their
control was not significantly different from that
obtained with Sec Natural and Kill-Herbs, both of
which were higher than 97%. Paraquat provided
inferior control of this species, with less than 10%
efficacy. For C. rotundus, the highest control was
provided by glyphosate, with a value slightly higher
than 80%, although the control with paraquat was not
significantly different, this was only 70%. Controls
between 50 and 70% were provided by glufosinate-
ammonium and Sec Natural, while controls below
30% were obtained with Herbitech and Kill-Herbs.
The highest control of the entire weed complex was
provided by glyphosate with a value slightly above
90%, not significantly different to those provided by
Herbitech and glufosinate-ammonium, whose controls
ranged from 85 to 90%. With Sec Natural, Kill-Herbs
and paraquat, control ranged between 80 and 85%
(Table 3).

At 20 DAA, paraquat maintained total control of B.
recta, with no significant difference from that of
glyphosate, glufosinate-ammonium, and Sec Natural,
which in turn were also comparable to the control
provided by Herbitech. The control obtained with Kill-
Herbs was slightly higher than 95%. For 1. unisetus,
glyphosate provided 100% control, although it was not
significantly different to Kill-Herbs, Herbitech and Sec
Natural, which provided controls greater than 90%, but
less than 100%. Glufosinate-ammonium had a control
of this species slightly below 80%, while with
paraquat, the control was slightly below 70% and was
statistically similar. P. hysterophorus control was
100% with glyphosate and between 98.5 and 99.5%
with Sec Natural, Kill-Herbs, Herbitech and
glufosinate-ammonium, treatments that were not
significantly different to each other. At the same time,
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with paraquat, there was no herbicide -effect.
Glyphosate showed 75% control of C. rotundus, which
was not significantly different from that provided by
paraquat, which was slightly higher at 60%. With
glufosinate-ammonium control was 55%, while with
Sec Natural it was slightly less than 50%. Herbitech
and Kill-Herbs control was only 20%, while Zecatryn
had no herbicidal effect.

The highest control of the weed complex was achieved
with glyphosate at 90%, which was not significantly
different from the 84% and 85% controls obtained with
glufosinate-ammonium and Herbitech, respectively.
These, in turn, were comparable to the Kill-Herbs and
Sec Natural controls, which provided around 80%
control. Paraquat had control of 70%. Zecatryn did not
affect the weed complex (Table 4).

In the third evaluation, carried out at 30 DAA,
glyphosate and paraquat maintained total control of B.
recta, being not significantly different from the control
provided by glufosinate-ammonium, which, in turn,
was similar to that obtained with Sec Natural. Controls
of'this species between 90 and 95% were obtained with
Herbitech and Kill-Herbs, which were not significantly
different to that provided by Sec Natural. Zecatryn had
no effect. Glyphosate and Sec Natural showed the
highest controls of I unisetus, being statistically

Esqueda-Esquivel et al., 2025

superior to the rest of the treatments. The control with
Herbitech was slightly lower than 95%, although not
significantly different to Kill-Herbs, which provided a
control slightly lower than 90%. Controls slightly
above 60% were obtained with paraquat and
glufosinate-ammonium, while Zecatryn had no effect
on this species.

For P. hysterophorus the controls provided by Sec
Natural, Herbitech, Kill-Herbs, glufosinate-
ammonium and glyphosate showed a variation
between 95 and 100% while being statistically similar.
The Zecatryn control varied between 30 and 35% and
paraquat did not have any effect. At this time of
evaluation, the highest control of C. rotundus was
obtained with glyphosate, which was higher than 60%,
although without statistical difference to those
provided by paraquat and Sec Natural, which were less
than 50%. In the rest of the treatments, the controls
varied between 11% (Zecatryn) and 37.5%
(glufosinate-ammonium). Combined weed control was
most effective with glyphosate, with a value close to
90%. However, this result was statistically like the
effects of the Kill-Herbs, Sec Natural, glufosinate-
ammonium, and Herbitech treatments, which ranged
from 78 to 85%. With paraquat, the control was
slightly less than 60%, while with Zecatryn, it was less
than 14% (Table 5).

Table 2. Weed species and population density at the experimental site.

Common name Scientific name Family Population density
Purple nutsedge C. rotundus L. Cyperaceae 700,000
Parthenium weed P. hysterophorus L. Asteraceae 330,000
Honduras grass 1 unisetus (J. Presl) Schitdl. Poaceae 175,000
Beautyhead B. recta L. Asteraceae 162,500
Others* 85,000

Total 1°452,500

* Hairy spurge (Euphorbia hirta L.) (Euphorbiaceae), erect spiderling (Boerhavia erecta L.) (Nyctaginaceae), big caltrop
[Kallstroemia maxima (L.) Hook. & Arn.] (Zygophyllaceae), tickweed (Cleome viscosa L.) (Cleomaceae), Mexican poppy

(Argemone mexicana L.) (Papaveraceae).

Table 3. Effect of treatments on control by species and total weeds (% and sine arc V% values) at 10 DAA.

Treatmeant B. recta 1. unisetus P. hysterophorus  C. rotundus Total
Zecatryn 0.0 (0.0) ¢ 0.0 (0.0)d 0.0 (0.0) c 0.0 (0.0)d 0.0 (0.0) c
Sec Natural 98.7 (84.5)ab  99.5(87.9) ab 99.7 (88.6) a 55.0(479)b 81.2(64.7) b
Herbitech 98.7 (84.5)ab  98.5(83.9) ab 100 (90.0) a 27.53B14)c 87.5(69.4)ab
Kill-Herbs 98.2 (83.6) b 93.7(77.5) b 97.5(854)a 25.0(299)c 82.5(653)b
Vinecide 0.0 (0.0)c 0.0 (0.0)d 0.0 (0.0)c 0.0 (0.0)d 0.0 (0.0) c
Glyphosate 100 (90.0) a 100 (90.0) a 100 (90.0) a 81.2(64.4)a 91.2(72.9)a
Paraquat 100 (90.0) a 75.0 (60.3) c 6.2(12.4)b 70.0 (57.1)ab  81.2(64.5)b
Glufosinate-ammonium 100 (90.0) a 78.75 (62.7) ¢ 100 (90.0) a 65.0 (53.8) bc  86.2 (68.4) ab
Control 0.0 (0.0) ¢ 0(@)d 0.0 (0.0) c 0.0 (0.0)d 0.0 (0.0) c
MSD 5.9 10.8 9.4 9.4 7.4

Ccv 2.1 8.9 54 23.8 9.2

Letters to the right of control values represent Tukey's test (p<0.05). Quantities with the same letter are not statistically different.
Comparison is between treatments for each variable. Zecatryn (200 mL/100 L of water), Sec Natural (1500 mL/100 L of water),
Herbitech (1500 mL/100 L of water), Kill-Herbs (1000 mL/100 L of water), Vinecide (20000 mL/100 L of water), Glyphosate
(1089 g a.i./ha), Paraquat (600 g a.i./ha), Glufosinate-ammonium (420 g a.i./ha), Control (without application), MSD= Minimum

significant difference, CV= Coefficient of Variation.
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Table 4. Effect of treatments on control by species and total weeds (% and sine arc \% values) at 20 DAA.

Treatment B. recta L unisetus P. hysterophorus C. rotundus Total
Zecatryn 0.0 (0.0)d 0.0 (0.0)d 0.0 (0.0)b 0.0 (0.0)e 0.0 (0.0)d
Sec Natural 98.2 (83.4) abc 99.5(87.9)a 98.5(85.1)a 47.5(43.6)c  78.7(62.7) bc
Herbitech 97.7 (81.9) bc 98.5(85.0) a 99.0 (85.9) a 20.0 (26.2)d  85.0(67.3) ab
Kill-Herbs 96.5(79.5) c 91.2 (75.0) ab 98.7 (86.8) a 20.0 (26.3)d 81.2(644)b
Vinecide 0.0 (0.0)d 0.0 (0.0)d 0.0 (0.0)b 0.0 (0.0)e 0.0 (0.0)d
Glyphosate 99.5 (87.9) ab 100 (90.0) a 100 (90.0) a 75.0 (60.1) a 90.0 (71.6) a
Paracuat 100 (90.0) a 67.5(554)c 0.0 (0.0)b 63.7 (53.4) ab 70.0 (56.9) ¢
Glufosinate-

ammonium 99.5 (87.9) ab 78.7 (66.0) bc 99.5(87.9)a 55.0(479)bc  84.0(66.7) ab
Control 0.0 (0.0)d 0.0 (0.0)d 0.0 (0.0)b 0.0 (0.0)e 0.0 (0.0)d
MSD 7.0 18.0 7.5 9.6 6.6

Cv 3.7 14.8 6.5 29.4 8.6

Letters to the right of control values represent Tukey's test (p<0.05). Quantities with the same letter are not statistically
different. Comparison is between treatments for each variable. Zecatryn (200 mL/100 L of water), Sec Natural (1500
mL/100 L of water), Herbitech (1500 mL/100 L of water), Kill-Herbs (1000 mL/100 L of water), Vinecide (20000
mL/100 L of water), Glyphosate (1089 g a.i./ha), Paraquat (600 g a.i./ha), Glufosinate-ammonium (420 g a.i./ha),
Control (without application), MSD= Minimum significant difference, CV= Coefficient of Variation.

Table 5. Effect of treatments on control by species and total weeds (% and sine arc V% values) at 30 DAA.

Treatment B. recta I unisetus  P. hysterophorus C. rotundus Total
Zecatryn 0.0 (0.0)d 0.0 (0.0)d 32.534.7)b 11.2 (19.5) cd 13.7(189) ¢
Sec Natural 96.7(81.0)bc  99.5(87.9)a 96.2 (82.2)a 40.0 (39.2)abc  80.0(63.5) a
Herbitech 94.5 (76.9) ¢ 93.7(75.7) b 97.7(83.9)a 20.0 (26.2)cd  85.0(67.5)a
Kill-Herbs 93.5(75.6) ¢ 89.2(70.9) b 98.7 (86.8) a 20.0 (26.2)cd  78.2(622)a
Vinecide 0.0 (0.0)d 0.0 (0.0)d 0.0 (0.0) ¢ 0.0 (0.0)d 0.0 (0.0)d
Glyphosate 100 (90.0) a 100 (90.0) a 100 (90.0) a 61.2(51.6)a 89.5(71.1)a
Paraquat 100 (90.0) a 61.2(51.6)c 0.0 (0.0) ¢ 45.0 (42.0)0ab 57.5(49.4)b
Glufosinate-ammonium  99.50 (87.9) ab  62.5 (52.3) ¢ 99.5(87.9)a 37.537.7) be 80.0 (63.5)a
Control 0.0 (0.0)d 0(@0)d 0.0 (0.0) ¢ 0.0 (0.0)d 0.0 (0.0)d
MSD 7.0 7.9 10.9 13.3 12.8
CV 5.9 10.5 6.6 42.8 11.9

Letters to the right of control values represent Tukey's test (p<<0.05). Quantities with the same letter are not statistically
different. Comparison is between treatments for each variable. Zecatryn (200 mL/100 L of water), Sec Natural (1500
mL/100 L of water), Herbitech (1500 mL/100 L of water), Kill-Herbs (1000 mL/100 L of water), Vinecide (20000
mL/100 L of water), Glyphosate (1089 g a.i./ha), Paraquat (600 g a.i./ha), Glufosinate-ammonium (420 g a.i./ha),
Control (without application), MSD= Minimum significant difference, CV= Coefficient of Variation.

At 40 DAA, the most effective treatments for B. recta
control showed efficacy rates between 98 and 100%
with paraquat, glyphosate and glufosinate-ammonium.
The Sec Natural treatment provided a control slightly
higher than 95%, being like the results of two of the
three treatments indicated above. On the other hand,
Kill-Herbs and Herbitech had a control between 90 and
95%. In contrast, Zecatryn showed no effect. For I
unisetus, the glyphosate and Sec Natural treatments
achieved a control of more than 99%, being
statistically superior to the rest of the treatments. With
Kill-Herbs and Herbitech, a control of between 80 and
90% was obtained, showing statistical similarity
between them and surpassing paraquat and
glufosinate-ammonium, which had a control between
50 and 55%. Zecatryn had no effect on this species.

The highest control rates of P. hysterophorus were
obtained with glyphosate, glufosinate-ammonium,
Herbitech, Kill-Herbs, and Sec Natural, with values
ranging from 94 to 100%, indicating statistical
similarity among them. In contrast, Zecatryn only
achieved a control rate of 25%. Paraquat had no effect.
For C. rotundus, all treatments showed less than 50%
control, with the highest controls being provided by
glyphosate and paraquat, whose values were between
40 and 50%, statistically similar to that of Sec Natural.
Overall weed control was maintained at values
between 80 and 90% with glyphosate and Sec Natural,
although statistically, they were similar to the controls,
which ranged between 70 and 80% provided by
Herbitech, Kill-Herbs, and glufosinate-ammonium.
With paraquat, the control was 50%, while with
Zecatryn it was less than 15% (Table 6).
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Table 6. Effect of treatments on control by species and total weeds (% and sine arc \% values) at 40 DAA.

Treatment B. recta 1. unisetus P. hysterophorus C. rotundus Total
Zecatryn 0.0 (0.0)e 0.0 (0.0)d 25.0(29.9)b 10.0 (18.4) cd 13.75(21.5) ¢
Sec Natural 95.5(79.7) bed 99.5(87.9)a 94.2 (80.2) a 37.5(37.7) ab 80.00 (63.5) a
Herbitech 94.5(76.9) cd 88.0 (70.0) b 97.0 (82.9) a 15.0 (19.5) be 79.50 (63.3) a
Kill-Herbs 91.2(73.2)d 83.7(66.4) b 95.5(80.9) a 8.7(12.3) cd 73.75(59.2) a
Vinecide 0.0 (0.0)e 0.0 (0.0)d 0.0 (0.0)c 0.0 (0.0)d 0.0 (0.0)d
Glyphosate 99.5 (87.9) ab 99.7 (88.6) a 100 (90.0) a 47.5(43.6) a 87.00 (68.9) a
Paraquat 100 (90.0) a 50.0 (45.0) c 0(@0)c 40.0 (38.7) a 50.00 (45.0) b
Glufosinate-

ammonium 98.7 (86.8) abc 53.7(47.2)c 98.2 (84.7)a 22.5(27.3) abc 76.25 (61.1) a
Control 0.0(0)e 0.0 (0.0)d 0.0 (0.0) c 0.0 (0.0)d 0.0 (0.0)d
MSD 10.1 12.5 13.4 18.9 9.9

Cv 7.7 19.3 8.9 66.3 15.5

Letters to the right of control values represent Tukey's test (p<0.05). Quantities with the same letter are not statistically
different. Comparison is between treatments for each variable. Zecatryn (200 mL/100 L of water), Sec Natural (1500
mL/100 L of water), Herbitech (1500 mL/100 L of water), Kill-Herbs (1000 mL/100 L of water), Vinecide (20000
mL/100 L of water), Glyphosate (1089 g a.i./ha), Paraquat (600 g a.i./ha), Glufosinate-ammonium (420 g a.i./ha),
Control (without application), MSD= Minimum significant difference, CV= Coefficient of Variation.

At 70 DAA, control rates of B. recta between 90 and
95% were obtained with glufosinate-ammonium and
paraquat, which were not significantly different from
the controls between 80 and 90% provided by Sec
Natural, Herbitech, and glyphosate. Zecatryn did not
affect this species. For . unisetus there was a control
slightly higher than 90% with glyphosate, not
significantly different to Sec Natural, which was
slightly lower than 90%, and to Herbitech. Kill-Herbs,
paraquat and glufosinate-ammonium had controls
between 25 and 50%, while Zecatryn showed no effect
on this grass. The highest control of P. hysterophorus
was achieved with glyphosate, at 98.75%, although it
showed statistical similarity with Herbitech, Sec
Natural, and glufosinate-ammonium, whose values
fluctuated between 85% and 95%. With Kill-Herbs,

the control was slightly lower than 80%, which was
statistically similar to the control rates of the last three
herbicides mentioned. The Zecatryn control was lower
than 10%, while paraquat did not affect this species.
The only treatments that showed some effect on C.
rotundus were glyphosate, paraquat, Sec Natural, and
glufosinate-ammonium; however, the controls were
very poor, with a maximum value of 20%. Overall
weed control was slightly above 80% with glyphosate,
which was not significantly different to Sec Natural,
which registered a value slightly above 70%. Controls
between 60 and 65% were obtained with Kill-Herbs,
Herbitech and glufosinate-ammonium, while with the
rest of the treatments, controls were lower than 35%
(Table 7).

Table 7. Effect of treatments on control by species and total weeds (% and sine arc V% values) at 70 DAA.

Treatment B. recta L unisetus P. hysterophorus C. rotundus Total
Zecatryn 0.0 (0.0)c 0.0 (0.0)d 7.5(13.8) ¢ 0.0 (0.0)b 3.709.7)d
Sec Natural 85.0 (70.3) ab 88.7(70.8) a 91.2(77.7) ab 10.0 (12.9)ab  71.2(57.6) ab
Herbitech 88.7(70.91)ab  65.0(54.2) ab 88.7 (73.5) ab 0.0 (0.0)b 63.7(53.1)b
Kill-Herbs 71.2(57.84)bc  50.0 (44.9) be 77.5(61.8)b 0.0 (0.0)b 60.0 (50.8) b
Vinecide 0.0 (0.0) ¢ 0.0 (0.0)d 0.0 (0.0) c 0.0 (0.0)b 0.0 (0.0)d
Glyphosate 88.7(70.9) ab 91.2(729)a 98.7 (86.8) a 20.0 (26.6) a 82.5(65.3) a
Paraquat 95.0(78.9) a 42.5(40.4) be 0.0 (0.0) c 12.5(149)ab  32.534.5)c
Glufosinate-ammonium 92.5(743)a 25.0(22.5) cd 92.5(78.7) ab 2.5(4.6)b 63.7(53.1)b
Control 0.0 (0.0) ¢ 0.0 (0.0)d 0.0 (0.0) c 0.0 (0.0)b 0.0 (0.0)d
MSD 14.5 243 21.8 20.0 10.0

Cv 3.7 14.8 6.5 29.4 8.7

Letters to the right of control values represent Tukey's test (p<0.05). Quantities with the same letter are not statistically
different. Comparison is between treatments for each variable. Zecatryn (200 mL/100 L of water), Sec Natural (1500
mL/100 L of water), Herbitech (1500 mL/100 L of water), Kill-Herbs (1000 mL/100 L of water), Vinecide (20000
mL/100 L of water), Glyphosate (1089 g a.i./ha), Paraquat (600 g a.i./ha), Glufosinate-ammonium (420 g a.i./ha),
Control (without application), MSD= Minimum significant difference, CV= Coefficient of Variation.
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DISCUSSION

The trial was conducted in the autumn-winter
agricultural cycle, which is very important in the state
of Veracruz, due to the practice of double cropping of
corn in relay of beans and corn in succession of corn,
where soil preparation is done exclusively with
herbicides, mainly glyphosate or paraquat, before
planting the second crop.

Glyphosate demonstrated the highest efficiency in
controlling most of the weed species present in this
study. Although the final evaluation did not show a
significant difference from Sec Natural, there was a
notable difference in control of more than 10% in
favour of glyphosate between the two treatments. In
addition, glyphosate had the greatest control of C.
rotundus, a perennial monocotyledonous species.

Sec Natural, which was the most efficient organic
herbicide for weed control in this work, in the state of
Colima, it also showed similar controls to those of
glyphosate (between 80 and 95%) in banana (Orozco
and Garcia, 2024) and Persian lime (Garcia and
Orozco, 2021); however, in orange and Persian lime
crops in the state of Veracruz, 30 days after
application, weed controls ranged from fair to poor (30
to 62.5%), not comparable with those obtained with
glyphosate which recorded average values of around
90% (Esqueda et al., 2021; Esqueda et al., 2022).
Moreover, in the north of Tamaulipas, applied in pre-
sowing, as usual in corn and sorghum crops, at 22
DAA, this herbicide only had an average control of
dicotyledonous and monocotyledonous weeds of about
16%. In contrast, with glyphosate the average control
was slightly higher than 96% (Hernandez et al., 2021).
Differences in weed control efficiency in different
locations may be due to the rate applied, the size of the
weeds, soil moisture at the time of application or the
presence of species with natural tolerance or perennial,
so it is indispensable that, if you want to use a natural
or chemical herbicide different from the one
commonly used, an application of the new herbicide
on a small area should be made previously, and thus
determine whether it is efficient for controlling the
weed species present in the plot.

The response of the other organic herbicides was
highly variable; for example, Herbitech had average
controls similar to those of glyphosate up to 40 DAA,
but at 70 DAA, its efficiency was approximately 20%
lower than that of glyphosate. In corn, Schwentesius-
Rindermann et al. (2024) found that Herbitech
provided only 42% weed control, whereas in Persian
lime, control rates ranged from 62.5 to 80%, and in
orange, from 14 to 35% (Esqueda ef al., 2021, 2022).
With Kill-Herbs, efficient control of annual weeds was
obtained up to 40 DAA. There is no published
information on its effectiveness in controlling weeds in
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different crops, but according to the results obtained in
this experiment, it could be a suitable alternative for
the control of annual weeds, always making a previous
test on the weed species in the field. The effects of
Zecatryn were only observed on two weed species
after the third evaluation; however, its control values
were extremely poor, similar to those reported by
Schwentesius-Rindermann et al. (2024). In addition,
the label of this product indicates that it should be
added to a solution containing humic acids, molasses,
and ammonium sulfate at pH 4, which makes its
preparation and application impractical and costly.

There are several works in where it was determined
that vinegar in high concentration can be successfully
used as a non-selective herbicide, by itself (Alvarado
et al., 2016; Webber III ef al., 2018), as in a mixture
with other organic compounds (Rahayuningsih and
Supriadi, 2014); generally it is most effective on
dicotyledonous weeds, so that eventually, in later crop
cycles, monocotyledonous weeds (grasses and sedges)
could replace dicotyledonous weeds in the plot,
making the application of a different compounds
necessary for its control. In addition, because it is used
in high doses with higher concentrations than
commercial vinegar, there is a high risk of damage to
the skin or eyes of the applicator (Forsburg, 2007) and
it is an expensive treatment, suitable only for organic
farming, whose effect is drastically reduced between
the first and second week after application. In this
experiment, Vinecide, which is formulated with 20%
acetic acid (in contrast to cooking vinegar, which
contains only 5% acetic acid), showed no effect on any
of the weed species, which was also reported by
Rebolledo ef al. (2019); in pineapple under rainfed
conditions. Since most studies evaluating vinegar
indicate that this product has herbicidal activity, it is
suggested that further studies be conducted, varying
the doses applied, the agricultural growth cycle, and
the species and size of weeds (Alvarado et al., 2016;
Tse-Seng et al., 2022).

With respect to the other synthetic herbicides, paraquat
only controls annual weed species and there can be
much variation in its effectiveness according to the
species on which it is applied; in this case, it was very
efficient in controlling B. recta up to 70 DAA, but did
not affect P. hysterophorus, a species with natural
tolerance to this herbicide, which has been previously
documented (Asghar et al., 2021). Additionally, this
herbicide is classified as an environmental pollutant
and is extremely toxic; therefore, extreme care must be
taken during its application (Wen-Tien, 2013). Like
paraquat, glufosinate-ammonium also controls only
annual weeds. However, it is more efficient on
dicotyledonous weeds than on [ wunisetus, and
outperforms paraquat in total weed control, which
coincides with the results obtained by Wibawa et al.
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(2010) in weed control studies in an oil palm plantation
in Malaysia.

In general, synthetic herbicides are formulated
according to well-structured industrial processes,
which guarantee a uniform concentration and quality,
which is reflected in greater consistency in weed
control; in addition, the active ingredients and their
mode and mechanism of action are well determined, so
it is to some extent possible to predict their
performance and selectivity. In contrast, natural
herbicides generally contain compounds defined in a
more general way, such as botanical extracts of
aromatic or allelopathic plants, without specifying the
species, or extracts of specific plants, but without
identifying the secondary metabolites or molecules
that cause the herbicidal effects, or the contents of the
allelopathic compounds that vary with the type and age
of the plants used in the preparation of herbicides
(Hasan ef al., 2021). Therefore, there may be cases in
which a plot produced at a specific period may have
differences in the concentration of the components
compared to another plot produced at a later period.
The inconsistency in the efficiency of natural
herbicides is one of the reasons they are limited in their
use as a substitute for glyphosate, despite some cases
of successful weed control. Other factors influencing
the efficacy of natural herbicides are: water quality
(Hasan et al., 2021), which generally require low pH
to ensure their effectiveness; environmental conditions
before and after application, which influence the
infection process of some pathogens or their
metabolites, as is the case of Puccinia, present in three
of the herbicides evaluated in this study and which
requires a prolonged period of dew after application
for massive inoculum production (Morales-Payan et
al., 2005).

It is necessary to point out that natural herbicides are
essentially non-selective and have a contact action, so
they are more effective against small weeds. They are
typically restricted to applications in fruit or forest
plantations, or in unplanted areas, such as vacant lots,
roadsides, etc. In annual or horticultural crops, they
should be applied at pre-sowing or pre-emergence, or
in applications directed to the weeds, taking care not to
touch the foliage of the cultivated plants. Additionally,
the fact that they are herbicides of natural origin does
not necessarily mean they are harmless to applicators
or the environment (Loddo ez al., 2021). It is important
to note that the results presented here may not
necessarily be similar to those of other weed species
and under other agroclimatological conditions. The
current limitations of natural herbicides can be
considered research opportunities to identify plant
species and microorganisms with herbicidal activity,
for the formulation of products that allow their
commercialization; priority should be given to the
determination of the active ingredient(s), as well as
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their modes and mechanisms of action, for their future
synthesis and thus improve their effectiveness and
consistency in weed control (Rojas and Gamez, 2002).

CONCLUSIONS

For natural herbicides, the following is concluded: 1.
Sec Natural and Herbitech had a total efficacy of about
80%, not significantly different from glyphosate up to
40 DAA. However, its effect on C. rotundus was
lower. 2. Kill-Herbs recorded fair to good efficacy on
all weed species up to 40 DAA, except on C. rotundus,
its effect being like that of Sec Natural and Herbitech.
3. Zecatryn only showed very slight effects on P.
hysterophorus and C. rotundus after 30 DAA, although
its control of all weeds was always less than 15%. 4.
Vinecide showed no herbicidal effect on any weed
species at any evaluation date. 5. Kill-Herbs, Herbitech
and Sec Natural could be good alternatives for use in
the control of B. recta, I unisetus and P.
hysterophorus.

In turn, for synthetic herbicides it is concluded that: 1.
Glyphosate registered the best effectiveness in the
control of the whole set of weeds, which was slightly
higher than 80% at 70 DAA, with C. rotundus being
the species in which it provided the least effectiveness.
2. Glufosinate-ammonium had controls like those of
glyphosate up to 40 DAA, except with 1. unisetus,
whose control was always lower. 3. Paraquat had
efficient control of B. recta at all times of evaluation.
Still, its effect was fair or poor in the rest of the species,
highlighting that it did not affect P. hysterophorus.
Hence, its effectiveness was less than that of
glufosinate-ammonium and glyphosate.
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