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ABSTRACT

The scarce knowledge about the behavior of seedlings of native forest species relative to
sensitivity to herbicides associated with the current strategies for restoring degraded natural
ecosystems justifies the execution of studies to assist in this management. This study aimed to
evaluate the initial selectivity of two herbicides at three different doses for 80 species that occur
in seasonal semideciduous forests and are widely used in restoration projects. Two experiments
were conducted to evaluate the herbicides oxyfluorfen (Experiment 1) and sulfentrazone
(Experiment II) at commercial dose, half the dose, and double the dose, as well as control
without herbicide application. The experimental design of each experiment was completely
randomized, with four replications. The percentage of phytotoxicity following a specific scale
in the weed science field was evaluated at 7, 14, 21, 28, and 35 days after treatment application
(DAT), while the shoot dry mass was evaluated at 35 DAT. Most native species were classified in
the range of 0—10% phytotoxicity for both herbicides. Considering phytotoxicity, the herbicide
oxyfluorfen negatively affected the species Inga uruguensis, Erythroxylum argentinum,
Pterogyne nitens, Miconia rigidiuscula, and Simira sampaioana. Sulfentrazone showed
harmful effects on the species Myrciaria vexator, Piptadenia gonoacantha, Lonchocarpus
campestris, Erythroxylum argentinum, Cariniana legalis, Randia armata, Inga vera, Solanum
granulosoleprosum, Cupania vernalis, Seguieria langsdorffii, S. sampaioana, Maytenus
gonoclada, and Handroanthus ochraceus. Only the species R. armata, Croton floribundus,
and 1. uruguensis showed a reduction in dry biomass relative to the control. Therefore, the
herbicides oxyfluorfen and sulfentrazone can be recommended for weed management for most
of the species studied in this study, except those listed above.
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SELETIVIDADE DE
HERBICIDAS PARA MUDAS
DE ESPECIES ARBOREAS

RESUMO - Diante das estratégias para
restauracdo de  ecossistemas  naturais
degradados e considerando o conhecimento
escasso sobre o comportamento de mudas
de espécies florestais nativas em relagdo
a sensibilidade a herbicidas, tornam-se
necessarios estudos que auxiliem neste
manejo. O objetivo deste trabalho foi avaliar a
seletividade inicial de dois herbicidas em trés
doses distintas para 80 espécies que ocorrem
em florestas estacionais semideciduais, as
quais sdo amplamente utilizadas em projetos
de restauracdo. Foram realizados dois
experimentos, sendo avaliados herbicidas
oxyfluorfen (experimento I) e sulfentrazone
(experimento II) nas doses comercial, metade
e dobro da dose, além de testemunha sem
aplicacdo de herbicidas. O delineamento
experimental, para cada experimento,
foi inteiramente casualizado, com quatro
repeticoes. A porcentagem de fitotoxicidade
seguindo escala especifica da area da ciéncia
das plantas daninhas foi avaliada aos 7,
14, 21, 28 e 35 dias apds a aplicagdo dos
tratamentos (DAT) e a massa da matéria seca
da parte aérea aos 35 DAT. De acordo com
os resultados, a maioria das espécies nativas
avaliadas foi classificada na faixa de 0 — 10%
de fitotoxicidade para ambos os herbicidas.
Considerando a fitotoxicidade, o herbicida
oxyfluorfen afetou negativamente as espécies
Inga uruguensis, Erythroxylum argentinum,
Pterogyne nitens, Miconia rigidiuscula
e Simira sampaioana. O sulfentrazone
interferiu de forma prejudicial as espécies
Mpyrciaria vexator, Piptadenia gonocantha,
Lonchocarpus  campestres,  Erythroxylum
argentinum, Cariniana legalis, Randia armata,
Inga vera, Solanum granulosoleprosum,
Cupania vernalis, Seguieria langsdorffii,
S.  sampaioana, Maytenus gonoclada e
Handroanthus ochraceus. Considerando a
redu¢do de biomassa seca, somente as espécies
R. armata, Croton floribundus e 1. uruguensis
apresentaram reducao de biomassa seca em
relacdo a testemunha. Portanto, conclui-se
que os herbicidas oxyfluorfen e sulfentrazone
podem ser recomendados para o manejo de
plantas daninhas para a maioria das espécies
estudadas nesse trabalho, exceto as listadas
acima.

Palavras-Chave: Sulfentrazone;
Oxyfluorfen; Fitotoxicidade; Manejo florestal;
Reflorestamento.

1. INTRODUCTION

The conservation and recovery of degraded
areas over the years has been an important
demand worldwide. The recovery of these
areas contributes to the conservation of
biodiversity, the promotion of sustainability,
the maintenance of air, soil, and water quality,
and the mitigation of climate change (Simdes
etal., 2022).

Therefore, mechanisms that accelerate
the recovery process of degraded areas are
necessary (Oliveira et al., 2019). There are
different methods applied to the recovery
of these areas, among which the following
stand out: natural regeneration, high-density
planting, use of legumes, mixed planting,
direct sowing, and seedling planting. Seedling
planting has been the most used currently,
being indicated mainly for areas where
the native vegetation is partially or totally
degraded and the surrounding vegetation
is very compromised or non-existent, that
is, areas where natural regeneration and
nucleation, which provide results closer to the
original ecosystem, are unfeasible (Rodrigues
et al., 2020).

The difficulty in managing weeds in all these
techniques has been considered one of the main
obstacles to the success of vegetation recovery
projects in degraded areas (Marchi etal., 2018).
In this sense, one of the factors that reduces
plant growth is the interference of weeds. In
addition to reducing seedling growth, several
weed species can cause ecological imbalance
by colonizing remaining areas of native
vegetation and hindering natural regeneration
(Brancalion et al., 2009; Hooper et al., 2005),
which causes environmental degradation and
threatens biodiversity conservation (Nepstad
et al.,, 1990; D’Antonio & Meyerson, 2002).
Thus, these plants interfere with the integrity
of the ecosystem and the survival of native
species (Ogden and Rejmanek, 2005; Regan
et al., 2006).

Actions to control weed species, such as
mechanical, cultural, and chemical control
(Machado et al., 2012), although desirable,
must be cautious, considering that they can
benefit some species and harm others (Duncan
and Chapman, 2003; Simmons et al., 2007)
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and damage non-target organisms (Howe
et al., 2004; Cauble and Wagner, 2005).
Therefore, the control of weed species can
be complicated and must be performed with
discretion as it causes changes in the abiotic
and biotic parameters that interact with the
germination, growth, and survival of native
plants (Zimmerman et al., 2000; Campanello
et al., 2007).

Chemical control is considered an efficient
alternative, as certain herbicides can control
multiple weed species, offering both speed
and cost-effectiveness. Herbicides with known
selective action for some crops have been
empirically used aiming to improve weed
control methods in forest reforestation (Doust
et al., 2006). Importantly, studies about the
damage resulting from the application of these
herbicides are still scarce for native species.

The wuse of herbicides has gradually
increased in environmental restoration areas,
with glyphosate being the most used despite its
lack of selectivity. Alternative herbicides that
eventually present different selectivity over
native species are necessary and, therefore,
should be the target of studies (Ngoze et al.,
2008; Dawson et al., 2009).

Herbicides with different mechanisms
of action and the definition of adequate
doses must be evaluated in native species to
improve the management of restoration areas.
This type of assessment is still limited due
to the high richness of species that occur in

seasonal semideciduous forests, associated
with the variation in the chemical properties
of herbicides.

In this context, this study aimed to evaluate
the phytotoxicity caused by the herbicides
oxyfluorfen and sulfentrazone applied at
different doses on the initial development of
80 tree species used in restoration projects.

2. MATERIAL AND METHODS

The research was carried out in a
greenhouse at the Agricultural Sciences
Center (CCA) of the Federal University of
Sao Carlos (UFSCar), campus of Araras-SP,
Brazil. Two experiments were conducted.
Experiment I aimed to evaluate the effect of
the herbicide oxyfluorfen and Experiment
II the herbicide sulfentrazone, both in a
completely randomized experimental design,
with four replications. The experimental units
consisted of a pot with a seedling of each tree
species. The mean height of the species at the
time of herbicide application ranged from 30
to 70 cm, depending on the species.

Table 1 shows the seedlings of the studied
tree species. The species were grown in pots
with a volumetric capacity of 5 L filled with
a commercial substrate (biostabilized Pinus
bark) and kept in a greenhouse with automated
irrigation. The seedlings were acquired from
the company BioFlora, with the participation
of the Company Granus, responsible for

Table 1. Native species used in the experiment, with their respective scientific and common

names.

Tabela 1. Espécies nativas utilizadas no experimento, com seus respectivos nomes cientificos

€ nomes comuns

No. Common name Scientific name Family

1 Flor de sino Abutilon rufinerve A. St.-Hil. Malvaceae

2 Fruta de sabia Acnistus arborescens (L.) Schitdl. Solanaceae
3 Chau chau Allophylus edulis (A.St.-Hil. et al.) Hieron. ex ~ Sapindaceae

Niederl.

4 Guarita Astronium graveolens Jacq. Anacardiaceae
5 Farinha-seca Balfourodendron riedelianum (Engl.) Engl. Rutaceae

6 Pata-de-vaca Bauhinia variegeta L. Fabaceae

7 Murici Byrsonima laxiflora Griseb. Malpighiaceae
8 Canjarana Cabralea canjerana (Vell.) Mart. Meliaceae

Cont...
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9 Guanxuma Callianthe rufinerva A.St.-Hil. Malvaceae

10 Jequitiba-branco Cariniana estrellensis (Raddi) Kuntze Lecythidaceae
11 Jequitiba-rosa Cariniana legalis (Mart.) Kuntze Lecythidaceae
12 Laranjinha Casearie gossypiospermo Briq. Salicaceae

13 Cedro-rosa Cedprela fissilis Vell. Meliaceae

14 Paineira-rosa Ceiba speciosa (A.St.-Hil.) Ravenna Malvaceae

15 Sobrasil Colubrina glandulosa Perk. Rhamnaceae
16 Babosa-branca Cordia superba Cham. Boraginaceae
17 Louro-pardo Cordia trichotoma (Vell.) Arrab. ex Steud. Boraginaceae
18 Capixingui Croton floribundus Spreng. Euphorbiaceae
19 Sangra-d agua Croton urucurana Baill. Euphorbiaceae
20 Camboata Cupania vernalis Cambess. Sapindaceae
21 Canafistula Dalbergia brasiliensis Vogel Fabaceae

22 Guaranta Esenbeckia leiocarpa Engl. Rutaceae

23 Cocao Erythroxylum argentinum O.E.Schulz Erythroxylaceae
24 Grumixama Eugenia brasiliensis Lam. Myrtaceae
25 Uvaia Eugenia piryformis Cambess. Mpyrtaceae
26 Pitanga Eugenia uniflora L. Myrtaceae
27 Gameleira Ficus obtusifolia Kunth Moraceae

28 Pau dalho Gallesia integrifolia (Spreng.) Harms Phytolaccaceae
29 Maria mole Guapira opposita (Vell.) Reitz Nyctaginaceae
30 Marinheiro Guarea guidonia (L.) Sleumer Meliaceae

31 Canjambo Guarea Kunthiana (A.) Juss Meliaceae

32 Mutambo Guazuma ulmifolia Lam. Malvaceae
33 Ipé-amarelo-cascu- Handroanthus chrysotrichus (Mart. ex DC.)  Bignoniaceae

do Mattos

34 Ipé-amarelo Handroanthus ochraceus (Cham.) Mattos Bignoniaceae
35 Algodoeiro Heliocarpus popayanensis Kunth Malvaceae
36 Ingé-de-metro Inga sessilis (Vell.) Mart. Fabaceae

37 Ingé-mirim Inga laurina (Sw.) Willd. Fabaceae

38 Ingé do rio Inga uruguensis Hook. & Arn. Fabaceae

39 Inga-do-brejo Inga vera subsp. affinis (DC.) T.D.Penn. Fabaceae

40 Dedaleiro Lafoensia pacari A. St.-Hil. Lythraceae
41 Embira-de-sapo Lonchocarpus campestris Mart. ex Benth. Fabaceae

42 Acoita-cavalo Luehea divaricata Mart. & Zucc. Malvaceae
43 Sabugueiro Maytenus gonoclada Mart. Celastraceae
44 Pixirica Miconia chamissois Naudin Melastomataceae
45 Quaresmeira Miconia pussilliflora (DC.) Naudin Melastomataceae
46 Cabretva Miconia rigidiuscula (DC.) Naudin Melastomataceae

Cont...
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Cont...
No. Common name Scientific name Family
47  Erva de sto antonio Mollinedia uleana Perkins Monimiaceae
48 Embira de sapo Muellera campestris (Mart. ex Benth.) Fabaceae
49 Aroeira-preta Myracrodruon urundeuva Allemao Anacardiaceae
50 Goiaba-brava Myrcia ilheosensis Kiaersk. Myrtaceae
51 Jaboticaba azul Myrciaria vexator McVaugh Myrtaceae
52 Brauna Myrocarpus frondosus Allemao Fabaceae
53 Capororoca-ver- Myrsine coriacea (Sw.) R.Br. Primulaceae
melha
54 Canela Ocotea puberula (Rich.) Nees Lauraceae
55 Abacateiro do mato Ocotea silvestres Vattimo-Gil Lauraceae
56 Guarucaia Parapiptadenia rigida (Benth.) Brenan Fabaceae
57  Abacateiro do mato Persea willdenovii Kosterm. Lauraceae
58 Pau-jacaré Piptadenia gonoacantha (Mart.) J.F. Macbr. Fabaceae
59  Baga de macaco Posoqueria acutifolia Mart. Rubiacea
60  Pessegueiro bravo Prunus myrtifolia (L.) Urb. Rosaceae
61 Araca-amarelo Psidium cattleianum Sabine Mpyrtaceae
62  Amendoim-bravo Pterogyne nitens Tul. Fabaceae
63 Limao bravo Randia armata (Sw.) DC. Rubiaceae
64  Aroeira-pimenteira Schinus terebinthifolius Raddi Anacardiaceae
65  Laranjeira brava Seguieria langsdorfii Moqui Phytolaccaceae
66 Fedegoso Senna silvestres (Vell.) H.S.Irwin & Barneby Fabaceae
67 Pau-cigarra Senna multijuga (Rich.) H. S.Irwin & Bar- Fabaceae
neby
68 Arariba Simira sampaioana (Standl.) Rubiaceae
69 Joa Solanum granulosoleprosum Dunal Solanaceae
70 Esporao de galo Strychnos brasiliensis (Spreng.) Mart., Loganiaceae
71 Ipé-branco-do-bre- Tabebuia insignis (Miq.) Sandwith Bignoniaceae
jo
72 Ipé-branco Tabebuia roseoalba (Ridl.) Sandwith Bignoniaceae
73 Fruto de sabia Tachigali denudata (Vogel) Oliveira-Filho Fabaceae
74 Amarelinho Terminalia brasiliensis (Cambess.) Eichl. Combretaceae
75 Canemacgu Tetrorchidium rubrivenium Poepp. & Endl. Euphorbiaceae
76 Araga Psidium cattleyanum Sabine Myrtaceae
77 Acacia amarela Peltophorum dubium (Spreng.) Taub. Fabaceae
78 Aroeira branca Lithraea molleoide (Vell.) Engl. Anacardiaceae
79 Lapacho Poecilanthe parviflora Benth. Fabaceae
80 Arco de peneira Trichillia pallens C.DC. Meliaceae

Source: The authors.
Fonte: Autores.
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ecological restoration activities.

Oxyfluorfen doses of 420, 840 (commercial
dose), and 1680 g ai ha™' were applied in
Experiment I, and sulfentrazone doses of
500, 1,000, and 2,000 g ai ha! were applied
in Experiment 2, in addition to the controls
without herbicide in both experiments. The
doses were defined according to the technical
recommendations for each herbicide, using
half the commercial dose, the commercial
dose, and double the commercial dose to
determine the sensitivity of the species to
herbicides. The herbicides were applied with a
CO, pressurized knapsack sprayer ata constant
pressure of 245.16 kPa using an application

boom equipped with fan spray tips 110.03.
The spray solution volume was 200 L ha™.
The relative humidity during application was
79.8% and the ambient temperature was 26.3
°C. The herbicide application was performed
outside the greenhouse, and the plants were
placed back in the greenhouse 24 hours after
application, with the substrate maintained
at adequate moisture through irrigation.
Herbicide phytotoxicity was evaluated at
7, 14, 21, 28, and 35 days after treatment
application (DAT), using a percentage scale of
phytotoxicity scores, where zero corresponds
to no injury and 100% to plant death, according
to Table 2.

Table 2. Scale of phytotoxicity scores caused by herbicides on plants

Tabela 2. Escala de Fitotoxicidade provocada por herbicidas em plantas

Percentage of

phytotoxicity Symptom description
(%)
0-10 Absence of symptoms (score 0) or symptoms that are not very evident
11-20 Chlorosis with mild deformities and slight reduction in growth
21-40 Intense chlorosis with necrosis, but it is recoverable. Reduction in plant
growth/size
41-60 Intense chlorosis with necrosis, more pronounced deformations. Reduction
in plant growth/size
61-80 Intense necrosis and marked deformations. Doubtful recovery. Stand
reduction
81-100 Intense necrosis and marked deformations. Stand reduction. Score 100 for

plant death

Source: ALAM (1974).
Fonte: ALAM (1974).

After the evaluation carried out at 35
DAT, the entire shoot of the tree species was
cut close to the ground and the dry biomass
was determined after drying in a forced-air
circulation oven at a constant temperature (70
°C) for 72 hours.

The data were subjected to analysis of
variance (ANOVA) and, when significant, the
qualitative measures were compared using the
Tukey test at a 5% probability, and regression
equations were adjusted for the 35 DAT
assessments for the quantitative measures.

3. RESULTS
3.1 Oxyfluorfen

The results of phytotoxicity at 35 DAT
caused by the herbicide oxyfluorfen on tree
species were classified according to the
number of species in different phytotoxicity
ranges and the plants that received herbicides
were compared with the respective controls
(absence of herbicide use) (Figure 1).

The  herbicide  oxyfluorfen  caused
phytointoxication in some species, with no
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Oxyfluorfen
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Figure 1. Phytotoxicity ranges of the herbicide oxyfluorfen in different tree species

Figura 1. Intervalos de fitotoxicidade do herbicida oxyfluorfen em diferentes especies de

arvores.

significant interaction between doses and
evaluation times (data not shown). Sixty-
two species showed 0-10% phytotoxicity
at the dose of 420 g ai ha™' according to
the scale presented previously, and 29
species among them had zero phytotoxicity:
Poecilanthe parviflora, Ficus obtusifolia,
Myrocarpus frondosus, Tabebuia roseoalba,
Myracrodruon  urundeuva, Handroanthus
chrysotrichus, Croton urucurana, Cedrela
fissilis, Parapiptadenia rigida, Mollinedia
uleana, Eugenia  pyriformis, Bauhinia
variegata, Heliocarpus popayanensis,
Eugenia brasiliensis, Cabralea canjerana,
Cordia superba, Cordia trichotoma, Ocotea
silvestris, Prunus myrtifolia, Terminalia
brasiliensis, Mpyrciaria vexator, Piptadenia
gonoacantha, Randia armata, H. ochraceus,
Myrcia  ilheosensis, Guarea  guidonia,
Seguieria langsdorffii, Cariniana legalis, and
M. gonoclada.

Sixty-three species presented
phytointoxication in the range of 0—10%
when using the recommended dose (840 g ai
ha™), that is, an absence of phytointoxication
or low-intensity and little evident symptoms.
Importantly, the species P. parviflora, F.
obtusifolia, M. frondosus, T. roseoalba, M.
urundeuva, H. chrysotrichus, C. urucurana,
C. fissilis, P. rigida, M. uleana, E. pyriformis,
B. variegata, H. popayanensis, E. brasiliensis,

C. canjerana, C. superba, C. trichotoma,
O. silvestris, P. myrtifolia, T. brasiliensis,
M. vexator, P. gonoacantha, R. armata, H.
ochraceus, M. ilheosensis, G. guidonia,
S. langsdorffii, C. legalis, M. gonoclada,
Tetrorchidium rubrivenium, Inga sessilis,
Senna multijuga, and Schinus terebinthifolius
presented no phytotoxicity. The species that
showed 40% phytotoxicity at 35 DAT for this
dose were the same as those mentioned at half
the commercial dose but with no significant
differences between treatments and evaluation
times.

Doubling the dose (1680 g ai ha™) resulted
in phytotoxicity between 11 and 20% for
the species Peltophorum dubium, Psidium
cattleyanum, C. estrellensis, Astronium
graveolens,  Casearie  gossypiosperma,
Guapira opposita, and Lafoensia pacari.
The species Colubrina glandulosa, Guazuma
ulmifolia, I  vera, Cupania vernalis,
Esenbeckia leiocarpa, Persea willdenovii,
and Solanum granulosoleprosum presented
a 45% phytointoxication. The remaining
species showed 0-10% phytotoxicity in all
assessments. The species C. glandulosa,
G. ulmifolia, 1. vera, P. willdenovii, S.
granulosoleprosum, C vernalis, and E.
leiocarpa presented a phytointoxication of
approximately 40% at 35 DAT, regardless of
the dose.
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A significant interaction was observed
between doses and evaluation times for
the species Inga uruguensis, Erythroxylum
argentinum, Pterogyne nitens, Miconia
rigidiuscula, and Simira sampaioana.

I ucra was sensitive to the herbicide
oxyfluorfen, with phytotoxicity evolving
throughout the evaluations. The application
of half the recommended dose resulted in
phytotoxicity of 35% at 35 DAT (Figure 2A),
with leaf fall observed. The recommended dose

100 4

E g

40 -

Phytotoxicity(%)

20 4 - -

T T T
0 420 840 1680

Doses of oxyfluorfen ( g a.i ha’1)

—%—  7DAT y=27.95%(1-exp(-0.0009%x)) R’=0.90
—-©— 14 DAT y= 35.00%(1-exp(-0.0012%x)) R>=0.98
v 21 DAT y=73.45%(1-exp(-0.0016%x)) R’=0.97
— - —28 DAT y= 130.27%(1-exp(-0.0002%x)) R*=0.99
—m— 35 DAT y= exp(0.0021%x) R*=0.85

caused 52% of phytotoxicity, while twice the
dose caused 62% phytotoxicity, compromising
seedling establishment. E. argentinum showed
an increase in phytotoxicity with increasing
dose, with a value of 5.8% at 35 DAT at the
commercial dose. However, phytotoxicity
reached around 34% at the end of this same
period when it was subjected to double the
dose. Phytotoxicity was reduced throughout
the evaluations, with the highest values
observed at 14 DAT (Figure 2B).

100 -
80 -
60

40 4 % PP
-7 o

20 4 —

Phytotoxicity(%)

T
1680
Doses of oxyfluorfen (g a.i ha’*)
—® 7DATy= 26.28*(1-exp(-0.001l*x))le 0.86
—-5— 14 DAT y= 84.44%(1-exp(-0.0005%x)) R“=0.85
¥ 21 DATy= exp(0.0024*x) R7=0.95
T TR 28 DAT y= exp(0.0022%x) R”=0.97
—B 35 DAT y= exp(0.0021%x) R“=0.96

Figure 2. Phytotoxicity of the herbicide oxyfluorfen at different doses on the species 1.
uruguensis (A) and E. argentinum (B), evaluated at 7, 14, 21, 28, and 35 DAT

Figura 2. Fitotoxicidade do herbicida oxyfluorfen em diferentes doses sobre as especies /.
uruguensis (A) e E. argentinum (B), avaliadas aos 7, 14, 21, 28 e 35 DAT

P. nitens showed higher phytointoxication
relative to the doses used in the evaluation
conducted at 21 DAT, showing subsequent
recovery at 35 DAT, with less than 40%
phytointoxication at the commercial dose
(Figure 3A).

Unlike previous species, M. rigidiuscula
showed an increase in phytotoxicity over
time. The commercial dose caused 71.3%
phytotoxicity in the final evaluation (35
DAT), with necrotic and twisted leaves, while
phytotoxicity reached 76.2% at double the
dose (Figure 3B).

S. sampaioana showed similar behavior
to M. rigidiuscula, with phytotoxicity above

71.7% from the recommended dose at 35 DAT,
with an evolution of symptoms throughout
the evaluations and with an increase at the
herbicide dose, culminating in 79.1% with
double the dose at 35 DAT (Figure 3C).

3.2 Sulfentrazone

Figure 4 shows data on the percentage of
phytotoxicity of the herbicide sulfentrazone in
native tree species, which were classified into
the classes 0-10%, 11-20%, 21-40%, and
>40% at 35 DAT. Table 2 shows the description
of symptoms for each of these ranges.

Sixty-one species showed phytotoxicity
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Figure 3. Phytotoxicity of the herbicide oxyfluorfen at different doses on the species P,
nitens (A), M. rigidiuscula (B), and S. sampaioana (C), evaluated at 7, 14, 21, 28, and 35 DAT

Figura 3. Fitotoxicidade do herbicida oxyfluorfen em diferentes doses sobre as especies P,
nitens (A), M. rigidiuscula (B) e S. sampaiona (C), avaliadas aos 7, 14, 21, 28 e 35 DAT

in the range of 0-10% when considering the
application of half the dose of the herbicide
sulfentrazone (500 g ai ha™), that is, no
symptoms or very mild symptoms. In this
sense, the following species showed no
phytotoxicity (score 0): Lithraea molleoides,
P cattleyanum, P. parviflora, M. frondosus,
M. rigidiuscula, M. urundeuva, Byrsonima
laxiflora, A. graveolens, Balfourodendron
riedelianum, C. urucurana, T. rubrivenium,
M. uleana, E. pyriformis, B. variegata, M.
gonoclada, C. canjerana, C. superba, C.
trichotoma, O. silvestris, P. myrtifolia, I

sessilis, S. multijuga, M. rigidiuscula, C.
estrellensis, E. leiocarpa, P. nitens, and
Abutilon rufinerve.

No phytotoxicity was observed in the
evaluations conducted in 45 and 46 species
relative to the recommended dose and twice
the dose, respectively (Figure 4). Only 11
species were included in the phytotoxicity
range >40%, which means severe symptoms
with chlorosis and necrosis of the shoot: C.
glandulosa, L. pacari, G. ulmifolia, I. vera, P.
willdenovii, S. granulosoleprosum, C. vernalis,
G. guidonia, S. langsdorffii, P. gonoacantha,
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Figure 4. Ranges of phytotoxicity caused by sulfentrazone in tree species

Figura 4. Intervalos de fitotoxicidade do herbicida sulfentrazone em diferentes especies de

arvores

and Lonchocarpus campestris.

Statistical differences relative to doses and
evaluation times were detected in a few species,
with a significant interaction between doses and
evaluation times being verified for M. vexator,
L. campestris, E. argentinum, C. legalis, R.
armata, 1. vera, S. granulosoleprosum, C.
vernalis, S. langsdorffii, M. gonoclada, P.
gonoacantha, and H. ochraceus (Figures 5 to
9).

The phytotoxicity of sulfentrazone to M.
vexator was proportional to the increase in
dose and evaluation times. The commercial
dose caused 51.2% phytotoxicity and twice
the dose 75.2% phytotoxicity at 35 DAT, with
necrosis and deformation of leaves (Figure
5A).

P gonoacantha was sensitive to
sulfentrazone. Initially (7 DAT), phytotoxicity
varied from 25.4 to 47.4% at the lowest and
highest doses, respectively. Furthermore,
symptoms progressed until 28 DAT, with
a slight recovery at 35 DAT. However,
phytotoxicity was 46.7% at the commercial
dose, which could make the use of this
herbicide unviable in areas with this species.
The phytotoxicity caused by the herbicide
reached 78.0% with twice the dose (Figure
5B).

Sulfentrazone caused significant
phytotoxicity in the species L. campestris.
There was an increase in phytotoxicity in
the species throughout the evaluations.
Plant phytotoxicity at 35 DAT was 74.4% at
the commercial dose and 85.5% at double
this dose. Symptoms included generalized
chlorosis and necrotic leaves (Figure 5C).
Therefore, the results show that the herbicide
behaved non-selectively to the species and is
not recommended.

The species E. argentinum showed an
increase in phytotoxicity from 21 DAT.
Therefore, the evolution was slower. However,
phytotoxicity ranged from 44.5 to 72.9% in
the final evaluation (35 DAT) at the lowest
and highest doses, respectively, with chlorosis
observed in the plants and some necrotic
leaves (Figure 5D).

C. legalis showed sensitivity to an increase
in the dose of the herbicide sulfentrazone
throughout the evaluations. The phytotoxicity
caused by the herbicide at 35 DAT ranged from
40.4 to 78.2% at the lowest and highest doses,
respectively. Phytotoxicity at the commercial
dose was 61.4%, which does not represent
lethal phytotoxicity (Figure 6A). Similarly,
the commercial dose resulted in a 59.4%
phytotoxicity for R. armata, reaching 83.5%
with twice the commercial dose (Figure 6B).

(10
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Figure 5. Phytotoxicity of the herbicide sulfentrazone at different doses on the species M.
vexator (A), P. gonoacantha (B), L. campestris (C), and E. argentinum (D), evaluated at 7, 14,

21, 28, and 35 DAT

Figura 5. Fitotoxicidade do herbicida sulfentrazone em diferentes doses sobre as especies
M. vexator (A), P. gonoacantha (B), L. campestris (C) e E. argentinum (D), avaliadas aos 7, 14,

21,28 € 35 DAT

M. gonoclada showed higher sensitivity
to sulfentrazone as the dose increased and
throughout the evaluations. However, little
difference in phytotoxicity was observed
between the recommended dose (57.4%) and
double the dose (66.0%) in the final assessment
(35 DAT) (Figure 7A). The herbicide
sulfentrazone caused significant phytotoxicity
(80%) in the species H. ochraceus at 35
DAT when twice the recommended dose
was applied, showing necrotic leaves. On the

contrary, phytotoxicity was 52.50% at the
recommended dose (1000 g ai ha™!), showing
leaf chlorosis (Figure 7B). A high evolution in
phytotoxicity was observed from 28 DAT.

1. vera (Figure 7C) showed little difference
in response between doses, with phytotoxicity
varying from 64.8% (500 g ai ha™') to 67.6%
(2000 g ai ha™'). The phytotoxicity between
doses was also low for S. granulosoleprosum
(Figure 7D), being practically equal between
the commercial dose and double the dose,
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Figure 6. Phytotoxicity of the herbicide sulfentrazone at different doses on the species C.
legalis (A) and R. armata (B), evaluated at 7, 14, 21, 28, and 35 DAT

Figura 6. Fitotoxicidade do herbicida sulfentrazone em diferentes doses sobre as especies C.
legalis (A) e R. armata (B), avaliadas aos 7, 14, 21, 28 e 35 DAT

reaching approximately 76.0%. Phytotoxicity
for both species increased throughout the
evaluations.

Sulfentrazone also caused phytotoxicity
above the tolerable level for the species C.
vernalis and S. langsdorffii, with values of
72.5% and 86.16%, respectively, when using
the recommended dose at 35 DAT, with
practically no difference with double the dose.
ThespeciesS. sampaioana showedanevolution
of phytotoxicity throughout the evaluations
and at all doses, with the recommended dose
causing an 80% phytotoxicity at 35 DAT,
which makes the use of this product unfeasible
in the area with this forest species.

3.3 Dry biomass

The shoot dry biomass of the species
treated with the herbicides sulfentrazone and
oxyfluorfen showed statistical differences
between treatments only for the species 1.
ucra, R. armata, and C. floribundus. The
reduction in dry biomass was significant when
compared to the treatment without herbicide
application, with a higher difference between
the commercial dose and double the dose for
C. floribundus.

4. DISCUSSION

Selective herbicides are not common in
environmental restoration areas due to the lack
of technical information on the selectivity of
molecules on the species. Therefore, studies
involving these products are important to
expand the possibilities of managing weeds
in this system without causing damage to
seedlings of tree species.

The degradation of oxyfluorfen in the
environment is essentially through photolysis
and, therefore, its residual period and,
therefore, its effect, can be prolonged in
humid areas with shading conditions (Freitas
et al., 2007 ; Rodrigues and Almeida, 2018).
Cassamassimo (2005) evaluated the dissipation
of oxyfluorfen in soils with forestry activities,
shaded and in full sun, and found slower
herbicide dissipation in shaded areas. Seedling
permanence in the greenhouse may have been
a favorable factor for the herbicide action.
However, many species visually recovered
from phytointoxication, as the herbicide has a
contact action, and new leaves emitted after
application were not affected and had a normal
appearance. Alves et al. (2000) emphasized
that the phytotoxic effects observed for this
herbicide are restricted to places of contact
between the product and the plant, with no

12
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Figure 7. Phytotoxicity of the herbicide sulfentrazone at different doses on the species M.
gonoclada (A), H. ochraceus (B), I. vera (C), and S. granulosoleprosum (D), evaluated at 7, 14,

21, 28, and 35 DAT

Figura 7. Fitotoxicidade do herbicida sulfentrazone em diferentes doses sobre as especies
M. gonoclada (A), H. ochaceus (B), I. vera (C) e S. granulosolesprosum (D), avaliadas aos 7,

14,21, 28 e 35 DAT

evolution of the effects with its development,
which was also observed in this experiment.

Importantly, the mechanism of action of this
herbicide is the protoporphyrinogen oxidase
(PROTOX) inhibition, a key enzyme in
chlorophyll production. Oxyfluorfen adheres
strongly to colloidal particles (clay and organic
matter) when it reaches the soil, forming a
chemical barrier in the first centimeters of
the surface, which acts on weed species that
emerge. This herbicide is registered in Brazil

for forest species such as pine and eucalyptus.
Oxyfluorfen is very poorly soluble in water
(<0.1 ppm) and, therefore, difficult to wash or
leach into the soil, consisting of a significant
advantage in tropical regions, where high
precipitations are usual (Rodrigues and
Almeida, 2018).

In the present study, oxyfluorfen caused
marked phytotoxicity in some forest species,
progressing to leaf chlorosis and necrosis.
Its translocation occurs with little movement
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Figure 8. Phytotoxicity of the herbicide sulfentrazone at different doses on the species C.
vernalis, S. langsdorffii, and S. sampaioana, evaluated at 7, 14, 21, 28, and 35 DAT

Figura 8. Fitotoxicidade do herbicida sulfentrazone em diferentes doses sobre as especies
C. vernalis (A), S. langsdorffii (B) e S. sampaiona (C), avaliadas aos 7, 14, 21, 28 ¢ 35 DAT

through the phloem because leaf desiccation
occurs quickly. Thus, the observed symptoms
were leaf browning followed by necrosis. On
the other hand, the ability to resprout is an
intrinsic characteristic of trees in general, and,
therefore, seedlings of some species were,
apparently, able to recover and emit new
leaves.

Araujo Neto et al. (2021) observed the
toxicity of doses of the herbicide oxyfluorfen
applied in pre-emergence via irrigation water in

the implementation of a eucalyptus plantation,
clone VCC865 (a hybrid of FEucalyptus

urophylla x Eucalyptus grandis). The authors
concluded that oxyfluorfen in irrigation water
was selective to the crop at the evaluated doses
regardless of the irrigation water volume,
promoting an efficient pre-emergence control
of weeds at the highest doses (1080 and 1440 g
ai ha™') and an increase in the initial eucalyptus
growth, mainly the number of leaves, leaf
area, and shoot dry mass accumulation.

Duarte et al. (2006) found that the
herbicides haloxyfop-methyl (120, 240, and
480 g ha™), sulfentrazone (300, 600, and 1200
g ha™'), and oxyfluorfen (720, 1440, and 2880
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Figure 9. Shoot dry biomass of 1. ucra (A), R. armata (B), and C. floribundus (C) treated
with the herbicides oxyfluorfen and sulfentrazone at different doses

Figura 9. Biomassa seca da parte aérea de 1. ucra (A), R. armata (B), and C. floribundus (C)
tratadas com os herbicidas oxyfluorfen e sulfentrazone em diferentes doses

g ha™') did not interfere with development
of M. urundeuva seedlings. Moreover, some
species were not affected by the herbicides
and had normal development.

Thomas et al. (2005) found that the
selectivity of the herbicide sulfentrazone
involves several isolated or combined
mechanisms such as absorption, translocation,
and differential metabolism between different
species. Shaner (2014) observed that although
leaves can absorb the herbicide sulfentrazone,
its symplastic translocation through the
phloem is low due to the rapid leaf desiccation.

Sulfentrazone is relatively persistent in
the soil, with a mean half-life of 150 days,
varying from 121 to 302 days depending
on climate and soil conditions. In many
cases, the high residual of sulfentrazone can
become a restricting factor for the planting
of some sensitive species (Gehrke et al.,
2020). The physicochemical characteristics
of sulfentrazone (high solubility (S = 780
ppm) and low organic carbon partition
coefficient (Koc = 43 mL g!) indicate a high
leaching potential of its molecule. However,
this behavior is rarely observed, except in
situations with sandy soils, under conditions
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of increased rainfall events (Melo et al.,
2010). It is classified as very dangerous to the
environment (class II) due to its mobility and
high persistence.

The results show that the herbicide
sulfentrazone had similar behavior to
oxyfluorfen, not being selective for some
species. Thus, both herbicides can be used to
manage weeds inspecies inwhich phytotoxicity
was not high (below 30%) and species that
showed total tolerance. Importantly, field tests
are necessary to evaluate the behavior of these
species, considering that field and greenhouse
conditions are different.

5. CONCLUSION

The species that showed a negative
significant  difference  regarding  the
phytotoxicity of the herbicide oxyfluorfen
relative to the control were 1. uruguensis, E.
argentinum, P. nitens, M. rigidiuscula, and S.
sampaioana.

The species that showed a negative
significant  difference = regarding  the
phytotoxicity of the herbicide sulfentrazone
relative to the control were M. vexator,
P gonoacantha, L. campestris, E.
argentinum, C. legalis, R. armata, 1. vera,
S. granulosoleprosum, C. vernalis, 8.
langsdorffii, S. sampaioana, M. gonoclada,
and H. ochraceus.

Only the species R. armata, C. floribundus,
and 1. uruguensis presented a reduction in
shoot biomass relative to the control.

The herbicides oxyfluorfen and
sulfentrazone can be recommended for weed
management in most of the species studied
in this research, except for those mentioned
above.

6. ACKNOWLEDGEMENTS

We thank the Agricultural Science Research
Group (GECA) for the support in conducting
the experiment, the company Granus for
providing the seedlings, and FAPESP (Process
No. 2016/02182-7) for granting the first
author’s scientific initiation scholarship.

AUTHOR CONTRIBUTIONS

Camila Tonelotti Simdes supported data

analysis and the acquisition of experimental
results. Altemar de Rezende designed the
research project. Patricia Andrea Monquero
drafted and discussed the statistical,
experimental, and estimated data. Andreia
Cristina Silva Hirata contributed to writing the
paper and supported data analysis.

7. REFERENCES

Alves LWR, Silva JB, Souza IF. Efeito
da aplicagdo de subdoses dos herbicidas
glyphosate e oxyfluorfen, simulando deriva

sobre a cultura de milho (Zea mays L.). Ciéncia
e Agrotecnologia. 2000; 24(4): 889-897.

Araujo Neto A, Sao Jose AR, Soares MRS,
Lima RS, Prado TR. Eficiéncia e toxicidade do
oxyfluorfenemaguadeirrigacdonaimplantagdo
a campo do género Eucalyptus. Ciéncia
Florestal. 2021;31(2): 634-657. Available:
https://doi.org/10.5902/1980509830453

Asociation Latinoamericana de Malezas
(ALAM). Recomendaciones sobre unificacion
de los sistemas de evaluacion en ensayos de
control de malezas. ALAM, Bogota. 1974;
1(1):35-38.

Brancalion PHS, et al. Seletividade dos
herbicidas setoxidim, isoxaflutol e bentazon
a espécies arboreas nativas. Pesquisa
Agropecudria Brasileira. 2009;44(3):251-257.
doi: 10.1590/S0100-204X2009000300005.

Campanello PI, Genoveva GM, Ares A,
Montti L, Goldstein G. Tree regeneration and
microclimate in a liana and bamboo-dominated

semideciduous Atlantic Forest. Forest Ecology
and Management. 2007;252(2): 108-117.

Cassamassimo RE. Dissipa¢do e mobilidade
dos herbicidas gliphosato e oxyfluorfen
em solos com atividades florestais 2005.
62 f. Dissertagdo (Mestrado em Recursos
Florestais) - Escola Superior de Agricultura
Luiz de Queiroz, Piracicaba, 2005.

Cauble K, Wagner RS. Sublethal effects
of the herbicide glyphosate on amphibian
metamorphosis and development. Bulletin
of  Environmental Contamination and
Toxicology. 2005;75(3):429-435. Available:
https://doi.org/10.1007/s00128-005-0771-3.

D’Antonio C, Meyerson LA. Exotic plant
species as problems and solutions in ecological
restoration: A synthesis. Restoration Ecology.
2002;10 (4):703-713. Available: https://doi.
org/10.1046/1.1526-100X.2002.01051.x

16

Revista Arvore 2024:48:¢4816



Revista

*Y? ARVORE

ISSN 1806 - 9088

Selectivity of herbicides for seedlings...
Simoes et al., 2024

Dawson LK. et al. Managing genetic
variation in tropical trees: linking knowledge
with action in agroforestry ecosystems
for improved conservation and enhanced
livelihoods.  Biodiversity ~ Conservation.
2009;18(4):969-986. Available: https://doi.
org/10.1007/s10531-008-9516-z

Doust SJ, Erskine PD, Lamb D. Direct
seeding to restore rain forest species: microsite
effects on the early establishment and growth
of rainforest tree seedlings on degraded
land in the wet tropics of Australia. Forest
Ecology and Management. 2006;234(3):333-
343. Available: https://doi.org/10.1016/J.
FORECO0.2006.07.014.

Duarte NF, Karam D, Sa N, Cruz MB,
Scotti MRM. Seletividade de herbicidas
sobre Mpyracrodruon urundeuva (Aroeira).

Planta Daninha. 2006;24(2):329-337.
Available: https://doi.org/10.1590/S0100-
83582006000200016

Duncan RS, Chapman C.A. Tree-shrub
interactions during early secondary forest
succession in Uganda. Restoration Ecology.
2003;11(2):198- 207. 3. Available: https://doi.
org/10.1046/j.1526-100X.2003.00153.x

Freitas FCL, Grossi JAS, Barros AF,
Mesquita ER, Ferreira FA. Controle de plantas
daninhas na producdo de mudas de plantas
ornamentais. Planta Daninha. 2007;25(3):
595-601. Available: https://doi.org/10.1590/
S0100-83582007000300020

Gehrke VR, Camargo ER, Avila LA.
Sulfentrazone:  environmental  dynamics
and selectivity. Planta Daninha. 2020;35(1):
€020215663.

Hooper E, Legendre P, Condit R. Barriers
to forest regeneration of deforested and
abandoned land in Panama. Journal of
Applied Ecology. 2005;42(3):1165-1174.
Available: https://doi.org/10.1111/j.1365-
2664.2005.01106.x

Howe CM. et al. Toxicity of glyphosate-
based pesticides to four North American
frog species. Environmental Toxicology and
Chemistry. 2004;23(8):1928-1938.

Machado VM, Santos JB, Pereira IM,
Cabral CM, Lara RO, Amaral CS. Controle
quimico e mecanico de plantas daninhas em

areas de recuperacdo. Revista Brasileira de
Herbicidas. 2012;11(2):139-147.

Marchi SR, Marques RF, Aratjo PPS,
Marques AS, Souza RM. A¢do de herbicidas
pré-emergentes no estabelecimento
inicial de plantulas de espécies nativas do
Cerrado. Revista Brasileira de Herbicidas.
2018;17(4): e612. Available: https://www.
weedcontroljournal.org/pt-br/article/
acao-de-herbicidas-pre-emergentes-no-
estabelecimento-inicial-de-plantulas-de-
especies-nativas-do-cerrado/.

Melo CAD, Medeiros WN, Tuffi Santos
LD, Ferreira FA, Tiburcio RAS, Ferreira LR.
Lixiviacdo de sulfentrazone, isoxaflutole e
oxyfluorfen no perfil de trés solos. Planta
Daninha. 2010;28(2):385-92.

Nepstad D, UhlC, Serrao EAS. Surmounting
barriers to forest regeneration in abandoned,
highly degraded pastures: a case study from
Paragominas, Pard, Brazil. In: Anderson AB,
editor. Alternatives to the deforestation: steps
toward sustainable use of the Amazon Rain

Forest. New York: Columbia University Press,
p.215-229, 1990.

Ngoze S. et al. Nutrient constraints to
tropical agroecosystem productivity in long-
term degrading soils. Global Change Biology.
2008;14(12): 2810-2822. Available:https://
doi.org/10.1111/j.1365-2486.2008.01698.x

Ogden JAE, Rejméanek M. Recovery of
native plant communities after the control of a
dominant invasive plant species, Foeniculum
vulgare: implications for management.
Biological Conservation. 2005;125(3): 427-
439. Available:  https://doi.org/10.1016/].
biocon.2005.03.025.

Oliveira L, Silva JR AC, Gongalves CG,
Pereira MRR., Martins D. Selectivity of
herbicides to native tree species in Brazil.

Planta Daninha, 2019;37: ¢e019188510.
Available: https://doi.org/10.1590/S0100-
83582019370100086.

Regan TJ, Mccarthy MA, Baxter PWJ,
Panetta FD, Possingham HP. Optimal
eradication: when to stop looking for an
invasiveplant. Ecology Letters.2006;9(7):759-
766. doi: 10.1111/1.1461-0248.2006.00920.x.

Rodrigues BN, Almeida FS. Guia de
herbicidas 5.ed. Londrina: IAPAR, 2018. 591
p.

Rodrigues ABM, Guiliatti NM, Junior AP.
Aplicacdo de metodologias de recuperagdo
de areas degradadas nos biomas brasileiros.

Brazilian  Applied  Science  Review.
2020;4(1):333-369.

Revista Arvore 2024:48:¢4816

o



Selectivity of herbicides for seedlings...
Simaoes et al., 2024

Revista

*¥? ARVORE

ISSN 1806 - 9088

Shaner DL. Herbicide handbook. 10%.ed.
Lawrence: Allen Press; 2014. 513p.

Simoes, GS, FioriFA,SilvaL.C.Mapeamento
dos Servigos Ecossistémicos providos pela
Area de Protecdo Ambiental do Rio Paraiba
do Sul. Ambiente & Sociedade. 2022: 25(1):2-
26. Available: http://dx.doi.org/10.1590/1809-
4422as0c¢20210188r2vu2022L.2A0

Simmons MT et al. Selective and non-
selective control of invasive plants: the short-
term effects of growing-season prescribed fire,
herbicide and mowing in two Texas prairies.
Restoration Ecology. 2007;15(4): 662-669.
Available: https://doi.org/10.1111/1.1526-
100X.2007.00278.x

Thomas WE, Troxler SC, Smith WD, Fisher
LR. Uptake, translocation, and metabolism of
sulfentrazone in peanut, prickly sida (Sida
spinosa), and pitted morningglory (Ilpomoea
lacunosa). Weed Science. 2005;53(4):446-
50. Available: https://doi.org/10.1614/ws-04-
08512

Zimmerman JK, Pascarella JB, Aide TM.
Barriers to forest regeneration in an abandoned
pasture in Puerto Rico. Restoration Ecology,
2000;8(4):350-360. Available: https://doi.
org/10.1046/j.1526-100x.2000.80050.x

Revista Arvore 2024:48:¢4816



