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ABSTRACT

The cultivation of pecan (Carya illinoinensis K. Koch) and olive trees (Olea europaea L.) near pasture and
grain cultivation areas in southern Brazil has caused herbicide drift problems. Therefore, the objective
of this study was to evaluate the phytotoxic effects of herbicides 2,4-D and dicamba on the growth
of pecan and olive tree seedlings. A total of 8 underdoses were used, as follows: 0, 1.56, 3.125, 6.25,
12.0, 25.0, 50.0, and 100% of the recommended doses of herbicides 2,4-D (670 g a.e ha™") and dicamba
(720 g a.e ha™") for burndown. The applications were carried out in 80 cm-high seedlings with the aid
of a CO, pressurized sprayer with a spray solution volume of 150 L. ha™". The analyzed variables were
phytotoxicity at 7, 14, 21, 30 and 60 days after spray (DAA) and plant height and stem diameter at 30
and 60 DAA. The drift of hormonal herbicides caused damage to the growth of pecan and olive trees,
decreasing their stem diameter and height, with the herbicide dicamba showing the greatest damage.
In addition, doses above 12.5% of both herbicides resulted in phytotoxicity levels greater than 60%, and
doses of 50 and 100% were responsible for leaf senescence.
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RESUMO

O cultivo de nogueira-peca (Carya illinoinensis K. Koch) e oliveira (Olea europaea L.) no Sul do Brasil
proximo a areas de pastagens e de cultivo de graos tem registrado problemas de deriva de herbicidas.
Diante disso, o objetivo do trabalho foi avaliar os efeitos fitotdxicos dos herbicidas 2,4-D e dicamba sob
o crescimento de mudas de nogueira-peca e oliveira. Para isso, utilizaram-se 8 subdoses, sendo elas 0;
1,56; 3,125; 6,25; 12,0; 25,0%; 50,0; e 100% das doses recomendadas para desseca¢do dos herbicidas
2,4-D (670 g e.a ha') e dicamba (720 g i.a ha'). As aplica¢gdes foram realizadas em mudas com 80 cm
de altura com auxilio de um pulverizador costal pressurizado a CO, com volume de calda de 150 L
ha"'. As variaveis analisadas foram a fitotoxicidade aos 7, 14, 21, 30 e 60 dias ap0s a aplicagdo (DAA),
estatura de plantas e diametro de caule aos 30 e 60 DAA. A deriva de herbicidas hormonais causou
danos ao crescimento das plantas de nogueira e oliveira, diminuindo o didametro de caule e a estatura
das mesmas, sendo o herbicida dicamba o responsavel pelos maiores danos. Além disso, doses acima
de 12,5% de ambos os herbicidas resultaram em fitotoxicidade superior a 60%, sendo as doses de 50 e
100% responsaveis pela senescéncia de folhas.

Palavras-chave: Subdoses; Herbicidas; Fitotoxicidade

1 INTRODUCTION

The state of Rio Grande do Sul (RS) in Brazil is known for presenting favorable
conditions for the planting and development of fruit species that require the
accumulation of cold hours for flowering and for good species yield, as is the case
for pecan and olive trees. Belonging to the Jungladaceae family, the pecan nut tree
(Carya illinoinensis K. Koch) is widely known to produce edible nuts and wood (Gatto;
Haselein; Santini; Marchiori; Durlo; Calegari; Stangerlin, 2008). The United States and
Mexico are the largest nut producers, accounting for 90% of the world’s production,
with an estimated production of 130,000 tons (INC, 2017). In Brazil, the state RS is
the largest producer of nuts, with a total area of 2525 ha and a production of about
2.5 tons ha™' (IBGE, 2019).

Introduced in the state of RS in mid-1948, the olive tree (Olea europaea L.) is
known worldwide to produce olives that can be consumed in natura, and it is also
used to manufacture olive oil (Cavalheiro; Rosso; Paulus; Cichoski; Wagner; Menezes;
Barin, 2014). In the world, the largest producer is Spain, with 2,601,900 ha cultivated
(FAOSTAT, 2019). In Brazil, 4015 ha are currently being grown, with an estimated
production of 14,516 kg ha™".
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Both species have been shown to be a good option for small properties since they
can be intercropped with other crops and livestock (SEAPDR, 2017). Currently, they present
profitable alternatives because there is a high economic value paid for their fruit. They
have adapted well to the temperate climate, and the climatic conditions and favorable
soils (EMBRAPA, 2018) make this species highly productive in this Brazilian state.

Although the cultivation conditions are conducive to the development of pecan
and olive trees in southern Brazil, some characteristics have negatively impacted their
yield, with the main one being the damage caused by herbicide drift. In many situations,
the orchards of these species are located near pasture and grain production areas,
where the herbicides used may be transported outside the spray target site.

Herbicide drift is characterized by the displacement of the sprayed product to
nearby crops and occurs mainly due to the used drop size (generally less than 100
pm) (Godinho Junior; Caixeta; Pereira; Ruas; Faria; Carvalho Filho, 2017), the action
of the wind, temperature and relative humidity at the time of spray. The main reason
for the drift of these compounds is an incorrect spraying method due to the use of
an inappropriate spray tip, inappropriate height of the bar or inadequate application
speed (Carlsen; Spliid; Syensmarck, 2006).

The use of auxin-mimicking herbicides is evident due to new technologies on the
market (CTNBIO, 2017). The rapid evolution of resistant weeds has made it necessary to
adopt new tools to control these plants. The use of new technologies will increase the
use of auxiliary herbicides for the control of resistant weeds, thus increasing the risk of
drift to adjacent areas cultivated with sensitive crops (Silva; Silva; Aguiar; Novello; Silva;
Basso, 2018), such as fruit species in RS. The first year of use of the herbicide dicamba
in tolerant cultivars in the United States promoted a series of reports of injuries to
sensitive species outside the target spray area (Werle; Oliveira; Jhala; Proctor; Rees;
Klein, 2018), suggesting the occurrence of drift.

The mode of action of auxin-mimicking herbicides involves a series of processes,

with enzymatic activation and the expression of certain genes. At high doses, auxin-

Ci. Fl.,, Santa Maria, v. 34, n. 1, 69073, p. 3, Jan./Mar. 2024



4 | Simulated drift of 2,4-D and dicamba in pecan ... ﬂ

mimicking herbicides inhibit carbon assimilation and photochemical reactions
(Grossmann, 2000), preventing electron transport to Photosystem IlI, decreasing
carotene and chlorophyll concentrations, and increasing the xanthophyll/carotene
ratio, causing plant senescence (Saygideger; Okkay, 2008). Understanding the impact
of drift on pecan and olive trees is essential for defining the potential for damage
to fruit trees under the growing conditions of southern Brazil. Based on the above,
the objective of this research was to evaluate the effects of underdoses of 2,4-D
and dicamba on the height, stem diameter and phytotoxicity in pecan and olive tree

seedlings.

2 MATERIALS AND METHODS

The experiments were carried out in a greenhouse belonging to the Federal
University of Santa Maria (UFSM) from July 2019 to February 2020, in a completely
randomized design with four replications. Seedlings of pecan cv. Shawnee and olive cv.
Koroneiki were acquired from nurseries registered with RENASEM and standardized
at 50 cm in height. Pecan seedlings were kept in plastic containers with a capacity of 2
L and acclimatized in a greenhouse for 60 days until full sprouting and leaf expansion
were observed. The olive seedlings were transplanted to pots with a capacity of 7 L
containing duly sieved soil and fertilized with 100, 60 and 90 kg ha™ P, K and N per
plant, respectively, according to the fertilization recommendations of the species.

Irrigation was carried out daily, and the soil in the pots containing olive seedlings
was maintained with a 75% water retention capacity. For this determination, the dry
soil was weighed, saturated with water and a new weighing was carried out, defining
the weight of each pot. The need for irrigation was determined with the aid of an analog
scale, with each pot weighed daily and water added until the previously determined
weight was reached. For pecan nut seedlings, light daily irrigation was carried out to
maintain soil moisture. For both species, fertilization was supplemented monthly using

urea at a dose of 100 kg N ha™.
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The treatments were arranged in a 2 x 8 factorial scheme, where factor A was
composed of the herbicides 2,4-D and dicamba and factor B was tested doses of the
herbicides, which were 0, 1.56, 3.125, 6.25, 12.5, 25, 50 and 100% of the recommended
doses for burndown (670 and 720 g a.i. ha™ for 2,4-D and dicamba, respectively). The
treatments were applied on November 18,2019, when the seedlings had fully expanded
leaves, presenting an average height of 70 cm and an average stem diameter of 6.0
mm for pecan and 80 cm in height and 4 mm in diameter for olive trees. For this, a CO,
pressurized sprayer was used, equipped with a 1.5-meter bar containing four tips of
the XR Teejet 110.015 type at a pressure of 25 Ibs in"2 and an spray rate of 150 L ha™".
The climatic conditions at the time of application were 22.2°C, 67% and 2.5 m s for
temperature, relative humidity and wind speed, respectively. After spray, the seedlings
were separated from each other, placed in an environment outside the greenhouse
for 24 h, and returned to a controlled environment.

The analyzed variables were phytotoxicity assessed at 7, 14, 21, 30 and 60 days
after spray (DAA) and plant height and stem diameter measured at 30 and 60 DAA,
with the data corrected for percentage values of reduction in relation to the zero
dose. Phytotoxicity assessments were performed visually using a percentage scale in
which 0 indicates the absence of injury and 100 indicates the death of the plant (Frans;
Talbert; Marx; Crowley, 1986). Plant height was measured using a millimeter ruler
and counted from the soil surface to the node of the last fully expanded leaf of the
plant. The diameter of the stem was measured with the aid of a digital caliper (Lorben
stainless steel model 150 mm GT280).

The data were analyzed for normality and homoscedasticity using the Shapiro-
Wilk and O’Neill-Matthews tests, respectively, showing that it was not necessary
to transform the data. Subsequently, they were subjected to analysis of variance
(P<0.05) using the RStudio statistical software and the ExpDes package (Ferreira;
Cavalcanti; Nogueira, 2011). When statistically significant differences were detected,
regression analysis was performed using the quadratic polynomial model, as follows

in Equation (1):
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y=y0+ax + bx2 (1)

where: y = analyzed variable; x = dose of herbicide; y0 = maximum point of the curve; a = slope of the
curve; b = minimum point of the curve. For this, the statistical program SigmaPlot® version 12.0 was
used.

3 RESULTS AND DISCUSSIONS

3.1 Pecan tree

For the pecan seedlings used in the present study, 24 hours after herbicide
spray, characteristic symptoms of auxin mimics were observed at the highest doses
(100% of the recommended dose) and in young parts of the plants (Figures 1 and 2A,
B). At 30 DAA, the main symptoms observed involved chlorosis and necrosis in the
tissues of the youngest leaves (Figure 2C, D) for both herbicides, and they became
senescent 60 DAA (Figure 2E, F). Consequently, the growth and development of the
plants were negatively impacted.

For the phytotoxicity variable at 7 days, only the dose factor was significant,
increasing the phytotoxic effect as the dose increased (Figure 1A). The interaction
between the dose and herbicide factors was significant for phytotoxicity from the
evaluation performed at 14 DAA (Figure 1B-E) and for stem diameter at 30 DAA
(Figure 3C). For the plant height variables, regardless of the evaluation period and
for the stem diameter at 60 DAA (Figure 3A, B, D), a simple effect of the herbicide
dose factor was observed.

At 14 DAA, the spray of the herbicide 2,4-D promoted the greatest phytotoxicity
in doses above 25%, the values of which were higher than the damage caused by
dicamba (Figure 1B). After 21 DAA, there was an increase in phytotoxicity, reaching
90% at the highest doses applied (Figure 1C-E). For the lower doses (1.56, 3.125, 6.25,
and 12.5%), the phytotoxicity values observed were close to 30% for both herbicides.

For evaluations at 30 and 60 DAA, phytotoxicity increased with the increasing dose, in
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which doses higher than 25% of the recommended dose of both herbicides were close
to 90% (Figure 1D, E). For the dose range between 1.56 and 12.5%, the percentages of
phytotoxicity remained similar to those observed in previous evaluations, with values
around 35%. Low doses of 2,4-D promoted morphological changes, such as decreasing
leaf area and growth in plants from Pequi (Tavares; Pereira; Araujo; MARTINS;
JAKELAITIS, 2017) and Uva ‘Italia’ (Oliveira Junior; Constantin; Brandao Filho; Callegari;
Pagliari; Cavalieri; Framesqui; Carreira; Roso, 2007), reinforcing what was found in this
study. For ‘Pokan’ mandarin seedlings, foliar abscission caused by dicamba or 2,4-D
at 720 and 2345 g a.e ha™, respectively, was around 20% at 7 DAA, and was 56% at 21
DAA for dicamba (Brochado; Mielke; Paula; Laube; Cruz; Gonzattoa; Mendes, 2022).

Figure 1 - Phytotoxicity (%) in Carya illinoinensis plants evaluated at 7 (A), 14 (B), 21 (C),

30 (D) and 60 (E) days after spray of the herbicides 2,4-D and dicamba
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To be continued ...
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Figure 1 - Conclusion
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Source: Authors (2021)

Even the smallest herbicide doses promoted injury to pecan nut trees up to
60 DAA (Figures 1E and 2E, F). As these herbicides are translocated by the xylem and
phloem, even when applied in very low doses, they affect sensitive plants, causing
damage to plant development and orchard yield. This may occur because the plants
spend energyreservestorecover fromthe damage, notconvertingthe photoassimilates
to start sprouting and later fruit production, with sprouting being the most sensitive to
the action of herbicides (Grossmann, 2010).

Thus, there was a reduction in plant height due to the increase in the herbicide
dose at 30 DAA (Figure 3A), confirming the negative impact of these herbicides on
crops. However, at 60 DAA, no adjustment of the model to the data was observed,
although the absence of overlap in the confidence interval between the highest and
lowest doses indicated a significant difference (Figure 3B).

Regarding the stem diameter, the values observed in the evaluation at 30 DAA
demonstrated that the plants treated with doses higher than 25% of the herbicide
dicamba showed the greatest reduction (Figure 3C). The values for this herbicide
showed a 17% decrease in the plants treated with the highest dose compared to
the control without spray. Glyphosate application in eucalyptus plants promotes

a reduction in stem diameter; consequently, less wood is produced (Tuffi Santos;
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Machado; Viana; Ferreira; Ferreira; Souza, 2007). As for herbicide 2,4-D, there was
a small increase in the stem diameter of the plants that received up to 25% of the
dose, and it can be inferred that there was no negative effect of the herbicide on the
development of plant stems after its application.

In the evaluation carried out at 60 DAA, there was no interaction between the
herbicide and dose factors; however, similar values were found between the applied
doses (Figure 3D), showing that there was recovery of plant stem growth. The same was
observed in eucalyptus plants when subjected to underdose glyphosate spraying, in
which 35 DAA of the herbicide no longer showed growth damage (Pereira; Rodrigues;
Campos; Melhoranca Filho; Martins, 2011). The stem diameter evaluation infers the
size and vigor of a tree when planted in a given location (Perdona; Martins; Suguino;
Soratto, 2012). Therefore, a smaller stem diameter makes it more sensitive since it has
less resistance compared to others, is more susceptible to damage caused by wind and
animals, and can be more easily broken. In addition, the decrease in the development
of the plants can cause a delay in the implantation of the orchard and, consequently,
a longer time needed to start nut production.

Figure 2 - Symptoms caused by the spray of the herbicides 2,4-D (A, C and E) and
dicamba (B, D and F) 24 hours (A and B) and 30 (C and D) and 60 days (E and F) after

the spray of 100% of the registered dose in Carya illinoinensis

Source: Authors (2021)
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Based on the results obtained in this study, auxin-mimicking herbicides affect
pecan trees, interrupting the natural regulatory processes of the plants through
an uncontrolled response to auxin (Kelley; Riechers, 2007), consequently showing
abnormal plant growth and affecting their production capacity. Therefore, itis possible
to infer that the spray of these herbicides in crops near pecan tree orchards must
be carried out following all precautions and guidelines since they may damage the
development of these plants. Thus, complementary studies are necessary to verify if
drift will cause damage to species’ yield or if in more advanced stages of development,

the damage will be as pronounced as it is in seedlings.

Figure 3 - Plant height and stem diameter (% in relation to the zero dose) of Carya

illinoinensis measured at 30 (A and C) and 60 (B and D) days after the spray of the
herbicides 2,4-D and dicamba

) ®)
120 120
110 110
100 4 i E 100 4 %!ki
-
90 - iiiﬁ“*"1_=k»—gi_.ﬁ‘_________gg__gi o0 | =
80 80 -
< 70 T 0
o !
g 60 1 F 60+
b=} b=}
E 0+ £ 50
Ay (=%
40 , 40 1
—O— = 95,05+( 0,1905)*%+0,0014% x>
30 A R0 30
20 20 -
10 - 10 4

0 T T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100

0 10 20 30 40 50 60 70 80 90 100

Doses (% of registration dose) Doses (% of registration dose)
(© D)
130 4
120 H
110 H
100 H
\? \? a0 1§
= < 1 .
12 3 80
[¥) [
=] g 70
< <
S} S 604
g 5 s
D 40 1 T 24D y=10040.07%+0,0003% @, .
5 — @ y=9534+(-0,2610)*1+0,0019%
30 R=0.24 ) , 30 R:0.47
—< Dicamba v=109,67+(-0,5082)*x+0,0026*x"
20 2 20 4
R=047
10 4 10 4
0 L R B e LA T o
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 &0 70 80 90 100
Doses (% of registration dose) Doses (% of registration dose)

Source: Authors (2021)

Ci. Fl., Santa Maria, v. 34, n. 1, €69073, p. 10, Jan./Mar. 2024



Rubert, J.; Tarouco, C. P.; Wesz, A. M.; Bortolin, E. S.;
@ Reis, C. B.V,; Dornelles, S. H. B.; Ulguim, A.R. | 11

3.2 Olive trees

There was an increase in phytotoxicity as the dose of both herbicides increased
in all evaluations. At 7 and 14 DAA, doses higher than 25% were responsible for
approximately 40% phytotoxicity. For the lowest doses (up to 12.5%), the values were

around 25% at 7 DAA and 35% at 14 DAA (Figure 4A, B).

Figure 4 - Phytotoxicity (cm) in Olea europaea plants evaluated at 7 (A), 14 (B), 21 (C), 30
(D) and 60 (E) days after spray of herbicides 2,4-D and dicamba
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Figure 4 - Conclusion
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At 21 and 30 DAA, a dose of 100% obtained values close to 75% phytotoxicity
(Figure 4C, D), showing that there was a significant increase in plant damage. This
increase in phytotoxic effects on plants as the herbicide dose increases has also been
observed in other plants, such as Caryocar brasiliense (pequi) (Tavares; Pereira; Aradjo;
Martins; Jakelaitis, 2017) and Ceiba speciosa (silk floss tree) (Monquero; Penha; Orzari;
Hirata, 2011). In the evaluation performed at 60 DAA, 95% phytotoxicity was observed
for the highest applied dose (100%) (Figures 4E and 5E, F).

Figure 5 - Symptoms present in Olea europaea plants 48 hours (A to D) and 60 days (E
and F) after the spray of 100% of the registered dose of the herbicides 2,4-D (A, B and

E) and dicamba (C, D and F)

To be continued ...
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Figure 5 - Conclusion
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Source: Authors (2021)

For doses of 25 and 50% evaluated at 60 DAA, the phytotoxicity values were
close to 90% for herbicide 2,4-D and 70% for herbicide dicamba, showing that the
greatest damage was caused by the herbicide 2,4-D and indicating the greater
sensitivity of the species to this herbicide (Figure 4E). For the lowest doses (up to
12.5%), the values for both herbicides were close to 45%, indicating pronounced and
persistent injury to olive plants due to the drift of these herbicides. These values
showed that the plants did not recover from the damage caused by the herbicides
and that the olive tree is an extremely sensitive plant to the mode of action of auxin-
mimicking herbicides. In this sense, symptoms characteristic of auxin-mimicking
herbicides were observed in the young parts of the plants 24 hours after spray
with the highest doses (50 and 100%) in the present study (Figure 5A-D). At 60 DAA,
the main symptoms observed involved chlorosis and necrosis in the tissues of the
youngest leaves of both herbicides (Figure 5E, F).

For the plant height variable, a reduction in plant growth was observed as there
was an increase in the applied dose. In the evaluation carried out at 30 DAA (Figure
6A), the zero dose showed values close to 95%, whereas doses above 12.5% presented
values close to 85%, showing that the application of herbicides paralyzed plant growth.

At 60 DAA (Figure 6B), this decreasing trend was maintained, resulting in values close
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s

to 100 cm for the smaller doses (up to 12.5%) and around 75% for the larger doses (25,

50 and 100% of herbicide doses). This reduction in plant height in relation to 30 DAA
can be explained by the fact that the plants that received the highest doses underwent
senescence, as shownin Figure 2. For both evaluations, herbicide 2,4-D was responsible
for the lowest values obtained, showing that it can cause major problems in orchards.

The same pattern of reduction was observed for the stem diameter variable, in
which, at 30 DAA (Figure 6C), the plants submitted to the zero dose obtained values
of 100%, while the higher doses (50 and 100%) presented values around 95% for the
herbicide 2,4-D. As for the herbicide dicamba, the plants treated with doses from 0 to
12.5% showed values of around 100%. Thus, it is evident that the lower doses of the
herbicides did not cause damage to the development of the plants, and it is possible to
observe a slight increase in values from the 25% dose, which can be explained by the

fact that auxinic herbicides cause stem swelling (GROSSMANN, 2010).

Figure 6 - Plant height and stem diameter (% in relation to zero dose) of Olea europaea

measured at 30 (A and C) and 60 (B and D) days after the spray of the herbicides 2,4-D

and dicamba
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To be continued ...
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Figure 6 - Conclusion
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In the evaluation carried out at 60 DAA (Figure 6D), for the herbicide dicamba,
which had previously had an increase in values, there was a decrease in the stem
diameter of the plants, as there was an increase in the applied dose. At doses higher
than 50%, the values obtained were around 90 mm. This is because, at 60 DAA, the
plants were senescing, thus reducing the stem diameter. For herbicide 2,4-D, the
values of all doses were very close to those of the zero dose, showing that the plants
were already recovering from the damage caused by the herbicide.

Phytotoxicity was more pronounced in plants due to the fact that they were
young plants and in higher doses of the products (Oliveira Junior; Constantin, J.;
Brandao Filho; Callegari; Pagliari; Cavalieri; Framesqui; Carreira; Roso, 2007; Ronchi;
Silva; Terra; Miranda; Ferreira, 2005; Tavares; Pereira; Araujo; Martins; Jakelaitis, 2017),
as shown in Figure 4E, F. In addition, even at low doses, the spray of the herbicides 2,4-
D and dicamba caused damage to sensitive plants (Tavares; Pereira; Araujo; Martins;
Jakelaitis, 2017), as is the case with olive trees, with the highest doses promoting a
decrease in plant growth (Tavares; Pereira; Araujo; Martins; Jakelaitis, 2017). A similar
finding was observed by Monquero, Penha, Orzari and Hirata (2011) after the spray of

glyphosate, with a decrease in stem diameter and plant height.
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4 CONCLUSIONS

The drift of auxin-mimicking herbicides causes damage to plant growth,
showing high values of phytotoxicity to crops, even 60 DAA. Both pecan and olive tree
species showed a reduced height and stem diameter at doses higher than 12.5% of the
recommended dose for burndown with dicamba and 2,4-D in grain crops, indicating

that plant growth was stopped for the species studied.

REFERENCES

BROCHADO, M. G.S.; MIELKE, K. C.; PAULA, D. F.de; LAUBE, A.F.S.; CRUZ, R. A-de la; GONZATTOA,
M. P.; MENDES, K. F. Impacts of dicamba and 2,4-D drift on ‘Ponkan” mandarin seedlings, soil
microbiota and Amaranthus retroflexus. Journal of Hazardous Materials Advances, v.6, n. 5,
p. 100084, 2022. https://doi.org/10.1016/j.hazadv.2022.100084

CARLSEN, S. C. K.; SPLIID, N. H.; SYENSMARK, B. Drift of 10 herbicides after tractor spray
application. 2. Primary drift (droplet drift). Chemosphere, v. 64, n. 5, p. 778-786, 2006. https://
doi.org/10.1016/j.chemosphere.2005.10.060

CAVALHEIRO, C. V.; ROSSO, V. D.; PAULUS, E.; CICHOSKI, A. J.; WAGNER, R.; MENEZES, C. R. de;
BARIN, J. S. Composicao quimica de folhas de oliveira (Olea europaea L.) da regidao de Cacapava
do Sul, RS. Ciéncia Rural, v. 44, n. 10, p. 1874-1879, 2014. https://doi.org/10.1590/0103-
8478cr20131139

Comissdao Técnica Nacional de Biosseguranca-CTNBio. Tabela de Plantas Aprovadas
para Comercializagdo. Available in:  http://ctnbio.mctic.gov.br/publicacoes?p_p_
auth=4GV2fgjv&p_p_id=110_INSTANCE_cwksGA%3Denlist%26_3_struts_action%3D%25
2Fsearch%252Fsearch%26_3_redirect%3D%252Finicio&_110_INSTANCE_cwksGAQxt1lp_
fileEntryld=2238117. Accessed on: 12 Aug 2020.

CONSTANTIN, J.; OLIVEIRAJUNIOR, R. S. de; BRANDAO FILHO, J. U. T.; CALLEGARI, O.; PAGLIARI, P.
H.; ARANTES, J. G. Z. de. Efeito de subdoses de 2,4-D na produtividade de fumo e suscetibilidade
da cultura em fun¢do de seu estadio de desenvolvimento. Revista Engenharia Agricola, v. 27,
nesp. p. 30-34, 2007. https://doi.org/10.1590/50100-69162007000200005

EMPRESA BRASILEIRA DE PESQUISA AGROPECUARIA- EMBRAPA. Cultivo da Nogueira-peca
em pequenas propriedades. Available in: https://www.embrapa.br/clima-temperado/busca-
de-publicacoes/-/publicacao/1098942/cultivo-da-nogueira-peca-em-pequenas-propriedades.
Accessed on: 7 Apr. 2020.

FAOSTAT (Food and Agriculture Organization of the United Nations). Crops data, 2019.
Available in: http://www.fao.org/faostat/en/#data/QC. Accessed on: 14 Feb. 2020.

FERREIRA, E. B.; CAVALCANTI, P.; NOGUEIRA, D. A. Experimental designs: um pacote R para
analise de experimentos. Revista da Estatistica da Universidade Federal de Ouro Preto,
v.1,n. 1, p. 1-9,2011. Accessed on: 7 Apr. 2020.

Ci. Fl., Santa Maria, v. 34, n. 1, e69073, p. 16, Jan./Mar. 2024


https://doi.org/10.1016/j.hazadv.2022.100084
https://doi.org/10.1016/j.chemosphere.2005.10.060
https://doi.org/10.1016/j.chemosphere.2005.10.060
https://doi.org/10.1590/0103-8478cr20131139
https://doi.org/10.1590/0103-8478cr20131139
http://ctnbio.mctic.gov.br/publicacoes?p_p_auth=4GV2fgjv&p_p_id=110_INSTANCE_cwksGA%3Denlist%26_3_struts_action%3D%252Fsearch%252Fsearch%26_3_redirect%3D%252Finicio&_110_INSTANCE_cwksGAQxt1lp_fileEntryId=2238117
http://ctnbio.mctic.gov.br/publicacoes?p_p_auth=4GV2fgjv&p_p_id=110_INSTANCE_cwksGA%3Denlist%26_3_struts_action%3D%252Fsearch%252Fsearch%26_3_redirect%3D%252Finicio&_110_INSTANCE_cwksGAQxt1lp_fileEntryId=2238117
http://ctnbio.mctic.gov.br/publicacoes?p_p_auth=4GV2fgjv&p_p_id=110_INSTANCE_cwksGA%3Denlist%26_3_struts_action%3D%252Fsearch%252Fsearch%26_3_redirect%3D%252Finicio&_110_INSTANCE_cwksGAQxt1lp_fileEntryId=2238117
http://ctnbio.mctic.gov.br/publicacoes?p_p_auth=4GV2fgjv&p_p_id=110_INSTANCE_cwksGA%3Denlist%26_3_struts_action%3D%252Fsearch%252Fsearch%26_3_redirect%3D%252Finicio&_110_INSTANCE_cwksGAQxt1lp_fileEntryId=2238117
https://doi.org/10.1590/S0100-69162007000200005
https://www.embrapa.br/clima-temperado/busca-de-publicacoes/-/publicacao/1098942/cultivo-da-nogueira-peca-em-pequenas-propriedades
https://www.embrapa.br/clima-temperado/busca-de-publicacoes/-/publicacao/1098942/cultivo-da-nogueira-peca-em-pequenas-propriedades
http://www.fao.org/faostat/en/#data/QC

Rubert, J.; Tarouco, C. P.; Wesz, A. M.; Bortolin, E. S.;
@ Reis, C. B.V,; Dornelles, S. H. B.; Ulguim, A.R. | 17

FRANS, R.; TALBERT, R.; MARX, D.; CROWLEY, H. Experimental design and techniques for
measuring and analyzing plant responses to weed control practices. In: CAMPER, N.D. (Ed.)
Research Methods in Weed Science. 3 ed. Champaign: Southern Weed Science Society, 1986.
37p. Accessed on: 7 Apr. 2020.

GATTO, D. A.; HASELEIN, C. R.; SANTINI, E. )., MARCHIORI, J. N. C.,; DURLO, M. A.; CALEGARI,
L., STANGERLIN, D. M. Caracteristicas tecnolégicas das madeiras de Luehea divaricata, Carya
illinoinensis e Platanus x acerifolia quando submetidas ao vergamento. Ciéncia Florestal, v. 18,
n. 1, p. 121-131, 2008. https://doi.org/10.5902/19805098516

GODINHO JUNIOR, J. de D.; CAIXETA, L.; PEREIRA, L. 0. A.; RUAS, R. A. A.; FARIA, V. R.; CARVALHO
FILHO, A. Deriva do herbicida 2,4-d aplicado com pontas hidraulicas de jato plano tipo leque.
Revista Brasileira de Ciéncias Agrarias, v. 12, n. 4, p. 550-554, 2017. https://doi.org/10.5039/
agraria.v12i4a5470

GONCALVES, K. S,; SAO JOSE, A. R.; CAVALIERE, S. D.; MARTINS, I. S. B.; VELINI, E. D. Seletividade
de herbicidas aplicados em pds-emergéncia em pinhao manso (Jatropha curcas L.). Revista
Brasileira de Herbicidas, v. 10, n. 2, p. 110-120, 2011. https://doi.org/10.7824/rbh.v10i2.105

GROSSMANN, K. Mode of action of auxin herbicides: a new ending to a long, drawn out
story. Trends in Plant Science, v. 5, n. 12, p. 506-508, 2000. https://doi.org/10.1016/s1360-
1385(00)01791-x

GROSSMANN, K. Auxin herbicides: Current status of mechanism and mode of action. Pest
Management Science, v. 66, n. 2, p. 113-120, 2010. https://doi.org/10.1002/ps.1860

Instituto Brasileiro de Geografia e Estatistica - IBGE. Produg¢ao Agricola Municipal 2017.
Available in: https://sidra.ibge.gov.br/pesquisa/pam/tabelas. Accessed on: 9 may 2020.

KELLEY, K. B.; RIECHERS, D. E. Recent developments in auxin biology and new opportunities for
auxinic herbicide research. Pesticide Biochemistry and Physiology, v. 89, n. 1, p. 1-11, 2007.
https://doi.org/10.1016/j.pestbp.2007.04.002

MONQUERO, P. A.; PENHA, A.S.; ORZARI, I.; HIRATA, A.C.S. Seletividade de herbicidas em mudas
das espécies nativas Acacia polyphylla, Enterolobium contortisiliquum (Fabaceae), Ceiba speciosa
e Luehea divaricata (Malvaceae). Planta Daninha, v. 29, n. 1, p. 159-168, 2011. https://doi.
org/10.1590/50100-83582011000100018

OLIVEIRA JUNIOR, R. S. de; CONSTANTIN, J.; BRANDAO FILHO, J. U. T.; CALLEGARI, O.; PAGLIARI,
P. H.; CAVALIERI, S. D.; FRAMESQUI, V. P.; CARREIRA, S. A. M.; ROSO, A. C. Efeito de subdoses de
2,4-D na produtividade de uva Italia e suscetibilidade da cultura em fun¢do de seu estadio de
desenvolvimento. Revista Engenharia Agricola, v. 27, p. 35-40, 2007. https://doi.org/10.1590/
S0100-69162007000200006

PERDONA, M. J.; MARTINS, A. N.; SUGUINO, E.; SORATTO, R. P. Crescimento e produtividade
de nogueira-macadamia em consorcio com cafeeiro arabica irrigado. Pesquisa Agropecuaria
Brasileira,v.47,n.11,p. 1613-1620, 2012. https://doi.org/10.1590/50100-204X2012001100008

Ci. FI,, Santa Maria, v. 34, n. 1, e69073, p. 17, Jan./Mar. 2024


https://doi.org/10.5902/19805098516
https://doi.org/10.5039/agraria.v12i4a5470
https://doi.org/10.5039/agraria.v12i4a5470
https://doi.org/10.7824/rbh.v10i2.105
https://doi.org/10.1016/s1360-1385(00)01791-x
https://doi.org/10.1016/s1360-1385(00)01791-x
https://doi.org/10.1002/ps.1860
https://sidra.ibge.gov.br/pesquisa/pam/tabelas
https://doi.org/10.1016/j.pestbp.2007.04.002
https://doi.org/10.1590/S0100-83582011000100018
https://doi.org/10.1590/S0100-83582011000100018
https://doi.org/10.1590/S0100-69162007000200006
https://doi.org/10.1590/S0100-69162007000200006
https://doi.org/10.1590/S0100-204X2012001100008

18 | Simulated drift of 2,4-D and dicamba in pecan ... “@

PEREIRA, M. R. R.; RODRIGUES, A. C. P.; CAMPOS, C. F. de; MELHORANCA FILHO, A. L,
MARTINS, D. Absorcao de subdoses Glyphosate aplicadas em diferentes locais de plantas
de eucalipto. Revista Arvore, v. 35, n. 3, p. 589-594, 2011. https://doi.org/10.1590/5S0100-
67622011000400002

RONCHI, C. P.; SILVA, A. A; TERRA, A. A; MIRANDA, G. V.; FERREIRA, L. R. Effect of 2,
4-dichlorophenoxyacetic acid applied as a herbicide on fruit shedding and coffee yield. Weed
Research, v. 45, n. 1, p. 41-47, 2005. https://doi.org/10.1111/j.1365-3180.2004.00427 .x

SAYGIDEGER, S.D.; OKKAY, O. Effect of 2, 4-dichlorophenoxyacetic acid on growth, protein and
chlorophyll-acontentof Chlorellavulgaris and Spirulina platensis cells. Journal of Environmental
Biology, v. 29, n. 2, p.175-178, 2008. Accessed on: 7 Apr. 2020.

SEAPDR - SECRETARIA DA AGRICULTURA, PECUARIA E DESENVOLVIMENTO RURAL. Programa
Estadual de Desenvolvimento da Pecanicultura- Pré- Peca. 2017. Available in: https://www.
agricultura.rs.gov.br/pro-peca. Accessed on: 15 Mar. 2020.

SEAPDR - SECRETARIA DA AGRICULTURA, PECUARIA E DESENVOLVIMENTO RURAL.
Levantamento constata deriva de 2,4-D em 87,13% das amostras na safra atual. Available
in:  https://www.agricultura.rs.gov.br/levantamento-constata-deriva-de-2-4-d-em-87-13-das-
amostras-na-safra-atual. Accessed on: 10 Aug. 2020.

SILVA, D.R. O.; SILVA, E. D. N.; AGUIAR, A. C. M. de; NOVELLO, B. D.'P.; SILVA, A. A. A. da; BASSO,
C. J. Drift of 2, 4-D and dicamba applied to soybean at vegetative and reproductive growth
stage. Ciéncia Rural, v. 48, n. 8, p. 1-7, 2018. https://doi.org/10.1590/0103-8478cr20180179

TAVARES, C. J.; PEREIRA, L. S.; ARAUJO, A. C. F.; MARTINS, D. A.; JAKELAITIS, A. Crescimento
inicial de plantas de pequi ap0s aplica¢ao de 2,4-D. Pesquisa Florestal Brasileira, v. 37, n. 89,
p. 81-87, 2017. https://doi.org/10.4336/2017.pfb.37.89.1280

TUFFI SANTOS, L. D.; MACHADO, A. F. L.; VIANA, R. G.; FERREIRA, L. R.; FERREIRA, F. A.; SOUZA,
G. V. R. Crescimento do eucalipto sob efeito da deriva de glyphosate. Planta Daninha, v. 25,
n. 1, p. 133-137, 2007. https://doi.org/10.1590/50100-83582007000100014

WERLE, R.; OLIVEIRA, M. C.; JHALA, A. J.; PROCTOR, C. A,; REES, J.; KLEIN, R. Survey of Nebraska
farmer’s adoption of dicamba-resistant soybean technology and dicamba off-target
movement. Weed Technology, v. 32, n. 6, p. 754-761, 2018. Accessed on: 7 Apr. 2020.

Ci. Fl., Santa Maria, v. 34, n. 1, e69073, p. 18, Jan./Mar. 2024


https://doi.org/10.1590/S0100-67622011000400002
https://doi.org/10.1590/S0100-67622011000400002
https://onlinelibrary.wiley.com/authored-by/SILVA/A+A
https://onlinelibrary.wiley.com/authored-by/TERRA/A+A
https://onlinelibrary.wiley.com/authored-by/MIRANDA/G+V
https://onlinelibrary.wiley.com/authored-by/FERREIRA/L+R
https://doi.org/10.1111/j.1365-3180.2004.00427.x
https://www.agricultura.rs.gov.br/pro-peca
https://www.agricultura.rs.gov.br/pro-peca
https://www.agricultura.rs.gov.br/levantamento-constata-deriva-de-2-4-d-em-87-13-das-amostras-na-safra-atual
https://www.agricultura.rs.gov.br/levantamento-constata-deriva-de-2-4-d-em-87-13-das-amostras-na-safra-atual
https://doi.org/10.1590/0103-8478cr20180179
https://doi.org/10.4336/2017.pfb.37.89.1280
https://doi.org/10.1590/S0100-83582007000100014

Rubert, J.; Tarouco, C. P.; Wesz, A. M.; Bortolin, E. S.;
@ Reis, C. B.V,; Dornelles, S. H. B.; Ulguim, A.R. | 19

Authorship Contribution

1 Jaine Rubert

Agronomist

https://orcid.org/0000-0003-2790-7318 -« jaine_rubert@hotmail.com
Contribution: Methodology; Formal analysis, Validation; Visualization;
Writing - original draft

2 Camila Peligrinotti Tarouco

Agronomist, Doctor in Plant Health
https://orcid.org/0000-0002-9488-9773 « milatarouco@gmail.com
Contribution: Conceptualization; Formal analysis; Writing - review & editing

3 Alessandra Minuzzi Wesz

Agronomist
https://orcid.org/0000-0002-4346-8581 « alessandra.minuzzi@hotmail.com
Contribution: Formal analysis; Methodology

4 Eduardo Streck Bortolin

Agronomist
https://orcid.org/0000-0002-9434-0692 + eduardobortolin99@gmail.com
Contribution: Formal analysis; Methodology

5 Cleisson Batista Vaz dos Reis

Agronomist
https://orcid.org/0000-0003-3199-4645 - cleissonbatistadosreis@gmail.com
Contribution: Formal analysis; Methodology

6 Sylvio Henrique Bidel Dornelles

Agronomist, Doutor em Agronomy
https://orcid.org/0000-0002-1097-6176 * sylviobidel@gmail.com
Contribution: Conceptualization; Methodology

Ci. Fl., Santa Maria, v. 34, n. 1, 69073, p. 19, Jan./Mar. 2024


https://orcid.org/0000-0003-2790-7318
https://orcid.org/0000-0002-9488-9773
https://orcid.org/0000-0002-4346-8581
https://orcid.org/0000-0002-9434-0692
https://orcid.org/0000-0003-3199-4645
https://orcid.org/0000-0002-1097-6176

20 | Simulated drift of 2,4-D and dicamba in pecan ... “@

7 André da Rosa Ulguim

Agronomist, Doctor in Plant Health

https://orcid.org/0000-0002-8850-4670 * andre.ulguim@ufsm.br

Contribution: Conceptualization; Methodology; Funding acquisition; Project
administration; Writing - review & editing

How to quote this article

RUBERT, J.; TAROUCO, C. P.; WESZ, A. M.; BORTOLIN, E. S.; REIS, C. B. V.; DORNELLES, S. H.
B.; ULGUIM, A. R. Simulated drift of 2,4-D and dicamba in pecan (Carya illinoinensis K. Koch)
and olive trees (Olea europaea L.). Ciéncia Florestal, Santa Maria, v. 34, n. 1, e69073, p. 1-20,
2024. DOI 10.5902/1980509869073. Available from: https://doi.org/10.5902/1980509869073.
Accessed in: day month abbr. year.

Ci. Fl., Santa Maria, v. 34, n. 1, e69073, p. 20, Jan./Mar. 2024


https://orcid.org/0000-0002-8850-4670

