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Resumo 

Toxicidade de herbicidas pré-emergentes veiculados à água de irrigação na implantação da cultura do 

eucalipto. Objetivou-se, com este trabalho, avaliar a toxicidade de herbicidas pré-emergentes às plantas de 

eucalipto e eficiência no controle de plantas daninhas, quando aplicados via água de irrigação na implantação 

da cultura. O experimento foi conduzido em condições de campo, utilizando-se para cada herbicida o 

delineamento experimental de blocos casualizados, em esquema bifatorial 5 x 2, com quatro repetições, 

considerando-se como fatores as cinco doses avaliadas dos herbicidas (isoxaflutole – 0; 75; 105; 135 e 165 g 

i.a. ha-1; flumioxazin – 0; 70; 90; 110 e 130 g i.a. ha-1; sulfentrazone – 0; 400; 600; 800 e 1000 g i.a. ha-1) e 

duas formas de aplicação (diretamente sobre a planta e somente sobre o solo). Os tratamentos foram aplicados 

manualmente 20 dias após o plantio das mudas com auxílio de um regador. Foram realizadas avaliações de 

porcentagem visual de intoxicação, altura de plantas, diâmetro do caule, índice de clorofila Falker, número de 

folhas, área foliar e massa seca da parte aérea das plantas de eucalipto. As plantas daninhas presentes na área 

útil do entorno das covas de plantio foram identificadas e quantificadas, para a determinação da densidade de 

plantas na área amostrada por tratamento. Constatou-se que apenas o sulfentrazone ocasionou sintomas de 

intoxicação às plantas, embora não influenciando no desenvolvimento do eucalipto. O isoxaflutole, 

independente da forma de aplicação, e o flumioxazin, aplicado diretamente sobre as plantas, mostraram-se 

seletivos à cultura, proporcionando nas maiores doses (165 e 130 g i.a. ha-1, respectivamente) eficiente 

controle das plantas daninhas e incremento no crescimento inicial do eucalipto. 

Palavras-chave: Eucalyptus spp., controle químico, formas de aplicação, tolerância, fitointoxicação.  

 

Abstract 

The objective of this study was to evaluate the toxicity of pre-emergent herbicides to eucalyptus plants and 

weed control efficiency when applied via irrigation water in crop implementation. The experiment was 

conducted under field conditions, using the experimental randomized block design for each herbicide, in a 5 x 

2 bifactorial scheme, with four replications, considering the five evaluated herbicide doses as factors 

(isoxaflutole – 0; 75; 105; 135 and 165 g i.a. ha-1; flumioxazin – 0; 70; 90; 110 and 130 g i.a. ha-1; 

sulfentrazone – 0; 400; 600; 800 and 1000 g i.a. ha-1), besides two forms of application (directly on the plant 

and only on the soil). The treatments were applied manually 20 days after the seedlings were planted, using a 

watering can. Eucalyptus intoxication percentage, plant height, stem diameter, Falker chlorophyll index, leaf 

number, leaf area and shoot dry mass were evaluated. Weeds present in the useful area around the planting 

holes were identified and quantified to determine the plant density in the area sampled per treatment. It was 

found that only sulfentrazone caused plant intoxication symptoms, despite not influencing eucalyptus 

development. Isoxaflutole, regardless of application form, and flumioxazin, applied directly on the plants, 

were selective to the crop, providing at the highest doses (165 and 130 i.a. ha-1, respectively) efficient weed 

control and increment in initial eucalyptus growth. 

Keywords: Eucalyptus spp., chemical control, forms of application, tolerance, phytointoxication.  
 

 

INTRODUCTION 

Eucalyptus (Eucalyptus sp.), in its diversity of species cultivated in Brazil, gained prominence in the 

national forest sector, with about 5.7 million hectares planted (IBÁ, 2017). The preference of forestry companies 

for eucalyptus planting is due to its rapid growth, high forest productivity and multiple uses of wood, as well as 

the availability of cultivation technologies and the improvement in silvicultural practices, including weed 

management (BARROS et al., 2014). 

The occurrence of weeds in eucalyptus plantation areas impairs crop growth and development, due to 

competition for water, nutrients and light, especially in the early development period. During this period, 

competition may be intensified as a function of post-planting eucalyptus irrigation, frequently located in the hole 
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rather than in the total area, which contributes to the growth of weeds close to the seedlings. To avoid damage, it 

is recommended to manage them before interference with the crop occurs (TAKAHASHI et al., 2009). 

Weed management in forest areas, in the various stages of their production process, is basically 

performed by the use of mechanical and chemical methods, isolated or combined (PEREIRA et al., 2012). The 

chemical method is the most used, since it allows faster, more efficient and longer results. It also allows control 

of the weed community before or after its emergence (CARBONARI et al., 2010). Among the pre-emergent 

herbicides applied to the eucalyptus crop, isoxaflutole, flumioxazin and sulfentrazone stand out (TIBURCIO et 

al., 2012). 

Isoxaflutole is a systemic herbicide and its mechanism of action is based on the inhibition of carotenoid 

synthesis. Once in soil, water and plant, it is rapidly converted to diquetonitrile, the biologically active molecule 

in weed control (SILVA et al., 2014). It effectively controls monocotyledons and some dicotyledons (SILVA; 

SILVA, 2007). 

The mechanism of action of the herbicides sulfentrazone and flumioxazin is based on the inhibition of 

protoporphyrinogen oxidase (PROTOX) and has contact action with sprayed plants. Sulfentrazone effectively 

controls monocotyledons and dicotyledons (FERRAÇO et al., 2017), while flumioxazin can be applied pre- and 

postemergence for dicotyledonous weed control (RODRIGUES; ALMEIDA, 2011). 

The forest sector has been seeking to improve herbicide application practices, aiming at efficiency, low 

environmental impact and reduction in production costs for the eucalyptus crop (COSTA et al., 2012). However, 

information about other forms of application of these herbicides, as well as the use of doses different from those 

recommended by manufacturers and their effects on the initial growth of eucalyptus seedlings, are scarce in the 

literature. 

The cost of implementing eucalyptus plantations is quite high; the integration of necessary activities, 

such as post-planting irrigation and weed control, is therefore a way to reduce it. One possibility is, when opting 

for chemical control, to do so together with irrigation, since the seedlings need water supply to settle in the field, 

which favors weed emergence in the planting rows (SIMÕES; SILVA, 2012). Therefore, studies that focus on 

the effects of pre-emergence application of herbicides via irrigation water on the metabolism of eucalyptus plants 

are necessary.  

In this context, the objective of this study was to evaluate the toxicity of the herbicides isoxaflutole, 

flumioxazin and sulfentrazone to eucalyptus plants and weed control efficiency when applied pre-emergence via 

irrigation water at the initial crop implementation phase.  

 

MATERIAL AND METHODS 

 

The experiment was carried out from October 2016 to January 2017, in the experimental area of 

Universidade Estadual do Sudoeste da Bahia, Vitória da Conquista Campus, BA, Brazil, located at 14°88’ South 

latitude and 40°79’ West longitude, at an average altitude of 941 m. According to the Köppen classification, the 

local climate is Cwa type (tropical in altitude), with an average annual rainfall of 741 mm. According to data 

from the National Institute of Meteorology (INMET, 2016), the mean maximum and minimum temperatures 

obtained during the experimental period were 24.1°C and 19.5°C, respectively. 76.2% relative humidity and 

cumulative rainfall of 232.4 mm. 

The soil of the experimental area was classified as Oxisol (EMBRAPA, 2013), medium texture, with 

the following physicochemical characteristics in the arable layer (0-0.2 m): 62% sand; 29% clay; 9% silt; pH in 

H2O of 6.2; 17 g dm-3 organic matter; 15 mg dm-3 P (Mehlich); 71% base saturation; K+; Ca+2, Mg+2, Al+3, H+ + 

Al+3, SB and a CTCeffective of 0.44; 2.4; 1.5; 0.1; 1.8; 4.3 and 4.4 cmolc dm-3, respectively. 

Standard seedlings of Eucalyptus urograndis clone VCC865 (E. urophylla x E. grandis hybrid), 

acquired in a certified nursery (Tecnoplant, Eunápolis/BA), approximately 30 cm high and three months old, 

were planted in 3.0 x 2.0 m spacing, in previously prepared holes (30 x 30 x 30 cm) and fertilized with 22.5 g 

P2O5 (simple superphosphate), 1.1 g boron (borax) and 1.0 g zinc (zinc sulfate), according to the crop needs 

(BARROS; NOVAES, 1999). The plants were irrigated manually in a complementary manner, so that adequate 

water availability was maintained. 

The treatments consisted of the pre-emergence application of the herbicides isoxaflutole (Fordor®), 

flumioxazin (Flumyzin 500®) and sulfentrazone (Solara®), to irrigation water twenty days after planting the 

eucalyptus seedlings. The herbicide doses used were: isoxaflutole – 0; 75; 105; 135 and 165 g i.a. ha-1; 

flumioxazin – 0; 70; 90; 110 and 130 g i.a. ha-1; and sulfentrazone – 0; 400; 600; 800 and 1000 g i.a. ha-1. At the 

time of application, the commercial herbicide product was dosed, diluted in five liters of water and applied 

manually with the aid of a conventional 5-L watering can directly on the plant (SP) or only on the soil (SS). 

The experimental design used in each herbicide was a randomized block design, in a 5 x 2 factorial 

scheme, with four replications, considering as factors the five herbicide doses and the two forms of application 
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(on the plant and on the soil). The experimental plots consisted of one seedling per planting hole, with a useful 

area of 0.8 m2 surrounding the plants of each plot. 

The phytotoxicity of herbicides to eucalyptus plants was quantified by visual evaluation in relation to 

the control at 7, 14, 21, 28, 35, 42 and 60 days after application (DAA), with values from 0 to 100%, as a 

function of symptom intensity, where 0% corresponded to the absence of visible symptoms and 100% to plant 

death (SBCPD, 1995). 

At 60 DAA, eucalyptus plants were evaluated for height, stem diameter, Falker chlorophyll index, leaf 

number, total leaf area and shoot dry mass.  

Plant height was obtained by measuring from the soil surface to the apical bud, with the aid of a 

graduated ruler. Stem diameter was measured with a digital caliper at 2 cm from the soil surface. Leaf area was 

determined using a LI-COR® Area Meter (LI-3100). Falker chlorophyll index was determined with a 

ClorofiLOG Falker® portable chlorophyll meter (CFL1030). For the obtention of dry mass, the plant shoot was 

harvested and packed in paper bags, placed in a greenhouse with forced air circulation for drying (65 ± 3 °C), 

until reaching a constant mass, and then weighed on a 0.01-g precision balance. 

At the end of the experiment, at 60 DAA, identification was performed, based on specialized literature 

(LORENZI, 2008), and quantification of weeds located in the area surrounding eucalyptus plants. Thus, samples 

were taken in the useful area of the plots, totaling a sample area of 3.2 m2 per treatment. From the quantification 

of species, weed density (number of plants m-2) was determined in the sampled area and taken as a parameter to 

estimate the control effectiveness of the applied treatments. 

Data were subjected to analysis of variance homogeneity (Bartlett’s test) and normality (Lilliefors) and 

subsequently subjected to analysis of variance by the F test; the means were compared by the Tukey test 

(p≤0.05). For quantitative effects, polynomial regression analysis was performed, using the ASSISTAT 

statistical software, version 7.7. 

 

RESULTS 

 

Among the herbicides tested, only sulfentrazone caused intoxication symptoms in eucalyptus plants in 

both forms of application (Figure 1A and 1B); while isoxaflutole and flumioxazin were selective to the 

eucalyptus crop at all evaluated doses, regardless of the application form. 

The injuries resulting from sulfentrazone intoxication were observed from 7 days after application 

(DAA) and persisted until 42 DAA, with higher levels at 14, 21 and 28 DAA, reaching estimated mean 

percentages of 41, 40 and 29%, respectively (Figure 1A).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Significant at 5% probability by regression analysis of variance. 

Figura 1. Estimativa da fitotoxicidade em plantas de eucalipto, clone VCC865, aos 7, 14, 21, 28, 35, 42 e 60 dias após 

a aplicação (DAA) (A) de doses do herbicida sulfentrazone, via água de irrigação sobre a planta (SP) e sobre 

o solo (SS) (B) na fase de implantação da cultura.  

Figure 1. Estimation of phytotoxicity in eucalyptus plants, clone VCC865, at 7, 14, 21, 28, 35, 42 and 60 days after 

application (DAA) (A) of sulfentrazone herbicide, via irrigation water on the plant (SP) and on the soil (SS) 

(B) in the crop implementation stage. 
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At 14 and 21 DAA, sulfentrazone application at the highest doses (800 and 1000 g i.a. ha-1) resulted in 

more severe plant injuries, with mean phytotoxicity percentages of 44 and 41%, respectively; when applied to 

the soil, the dose of 1000 g i.a. ha-1 led to a higher intoxication level than the application on plants (Figure 1B). 

From 17 DAA, estimated period of maximum phytotoxicity, regardless of the dose applied, there was a 

tendency to reduce intoxication levels, showing signs of plant recovery, confirmed by the absence of symptoms 

at 60 DAA (Figure 1A), with the release of vigorous shoots and new leaf emissions that no longer showed 

symptoms of herbicide intoxication. 

The main visual symptoms of sulfentrazone intoxication observed in the plants were: purplish young 

leaves, emission of leaves with smaller photosynthetic area and loss of apical dominance in some plants. 

Regarding eucalyptus growth parameters, a significant effect was observed only for the herbicides 

isoxaflutole and flumioxazin (p≤0.05); while sulfentrazone, despite the injuries caused to plants, did not have 

significant influence on crop growth. 
 

Effect of isoxaflutole on the initial growth of eucalyptus plants 

For plants treated with isoxaflutole, a significant interaction was observed between herbicide dose x 

form of application only for the Falker chlorophyll index. For the other characteristics evaluated, there was a 

significant effect only of the applied doses of the herbicide (p≤0.05). 

Plant height and stem diameter increased linearly with increasing doses of isoxaflutole, reaching 

increments of 17.5 and 16.3%, respectively, when the highest tested dose (165 g i.a. ha-1) was applied in relation 

to the control with no herbicide application (Figures 2A and 2B). 

 

 

 

 

 

 

 

 

 

 
 

 

*Significant at 5% probability by regression analysis of variance. 

Figura 2. Estimativa da altura de plantas (A) e diâmetro do caule (B) em eucalipto, clone VCC865, submetido a doses 

do herbicida isoxaflutole, aplicado via água de irrigação na fase de implantação da cultura.  

Figure 2. Estimation of plant height (A) and stem diameter (B) in eucalyptus, clone VCC865, submitted to doses of the 

herbicide isoxaflutole, applied via irrigation water in the crop implementation stage. 

The increase in the applied doses of isoxaflutole led to a linear increase in leaf number and leaf area of 

eucalyptus plants, with the highest results recorded at 165 g i.a. ha-1, which represents an increase of 60 and 

76%, respectively, when compared to the treatment without herbicide application (Figures 3A and 3B). 

   

 

 

 

 

 

 

 
 

 

 

*Significant at 5% probability by regression analysis of variance. 

Figura 3. Estimativa do número de folhas (A) e área foliar (B) de plantas de eucalipto, clone VCC865, submetidas a 

doses do herbicida isoxaflutole, aplicado via água de irrigação na fase de implantação da cultura.  

Figure 3. Estimation of leaf number (A) and leaf area (B) of eucalyptus plants, clone VCC865, submitted to doses of 

the herbicide isoxaflutole, applied via irrigation water in the crop implementation stage. 
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The Falker chlorophyll index, in both forms of application (SP and SS), showed a linear increase with 

increasing herbicide doses; higher results were recorded at 165 g i.a. ha-1, 9.6 and 6.4%, respectively, higher than 

the control index. From the interaction unfolding analysis, it was found that there was no difference between 

forms of application (SP and SS), when evaluated within each single dose of isoxaflutole (Figure 4A). 

 

 

 

 

 

 

 

*Significant at 5% probability by regression analysis of variance. 

Figura 4. Estimativa do índice de clorofila Falker (ICF) (A) e massa seca da parte aérea (B) de plantas de eucalipto, 

clone VCC865, submetidas a doses do herbicida isoxaflutole, aplicado via água de irrigação sobre a planta 

(SP) e sobre o solo (SS) na fase de implantação da cultura. 

Figure 4. Estimation of the Falker chlorophyll index (ICF) (A) and shoot dry mass (B) of eucalyptus plants, clone 

VCC865, submitted to doses of the herbicide isoxaflutole, applied via irrigation water on the plant (SP) and 

on the soil (SS), in the crop implementation stage. 

Shoot dry mass increased linearly as the applied doses of the herbicide were increased and thus reached 

a 62% increase at the highest tested dose, compared to the control (Figure 4B). 

 

Effect of flumioxazin on the initial growth of eucalyptus plants 

In the treatments with flumioxazin application, there was a significant interaction between herbicide 

dose and form of application for stem diameter, leaf area and shoot dry mass of eucalyptus plants. For the other 

characteristics evaluated, there was a significant effect only of the applied doses of the herbicide (p≤0.05), 

except for the Falker chlorophyll index, in which there was no significance of the analyzed factors. 

Plant height increased as the herbicide doses increased, with an approximate increase of 8.0% at the 

highest dose, compared to the control (Figure 5A). For stem diameter, in both forms of application (SP and SS), 

although not significantly different within each single dose, this characteristic was linearly increased with 

flumioxazin increase, reaching 130 g i.a. ha-1, an increase of 22 and 19%, respectively, in relation to the control 

(Figure 5B). 
 

 

 

 

 

 

 
 
 

 

 

 

 

*Significant at 5% probability by regression analysis of variance. 

Figura 5. Estimativa da altura de plantas (A) e diâmetro do caule (B) em eucalipto, clone VCC865, submetido a doses 

do herbicida flumioxazin, aplicado via água de irrigação sobre a planta (SP) e sobre o solo (SS) na fase de 

implantação da cultura. 

Figure 5. Estimation of plant height (A) and stem diameter (B) in eucalyptus, clone VCC865, submitted to doses of the 

herbicide flumioxazin, applied via irrigation water on the plant (SP) and on the soil (SS), in the crop 

implementation stage. 

Leaf number showed a linear increase as a function of flumioxazin doses; a higher result was obtained 

at the dose of 130 g i.a. ha-1, with a 34% increase, compared to the control without herbicide application (Figure 
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6A). Regarding leaf area, for both forms of application (SP and SS), a linear increase was observed as 

flumioxazin doses were increased; at the highest dose tested, there was an increase of 95 and 44%, respectively, 

when compared to the control (Figure 6B).  

 
 
 

 

 
 

 

 

 

 

 

 

 

*Significant at 5% probability by regression analysis of variance. 

Figura 6. Estimativa do número de folhas (A) e área foliar total (B) de plantas de eucalipto, clone VCC865, submetidas 

a doses do herbicida flumioxazin, aplicado via água de irrigação sobre a planta (SP) e sobre o solo (SS) na 

fase de implantação da cultura. 

Figure 6. Estimation of leaf number (A) and total leaf area (B) of eucalyptus plants, clone VCC865, submitted to doses 

of the herbicide flumioxazin, applied via irrigation water on the plant (SP) and on the soil (SS), in the crop 

implementation stage. 

The effects of herbicide on leaf area were more pronounced when the application was made directly on 

the plants (SP), leading to a significant increase at the dose of 130 g i.a. ha-1, surpassing in 33% the results 

obtained in the application only on the soil (SS) (Table 1). 

Tabela 1. Área foliar total e massa seca da parte aérea de plantas de eucalipto, clone VCC865, em função das formas 

de aplicação de doses do herbicida flumioxazin. 

Table 1. Total leaf area and shoot dry mass of eucalyptus plants, clone VCC865, as a function of forms of application 

of flumioxazin doses. 

1Means followed by the same letter in the column do not differ by the Tukey test at 5% probability. 2Forms of application: on the plant 

(SP) or on the soil (SS). 

In both forms of application (SP and SS), the increase in herbicide dose led to a linear increase in the 

dry mass of eucalyptus shoots and reached, at the highest tested dose, an increase of 71 and 36%, respectively, in 

relation to the control (Figure 7). 

 

 

 

 

 

 

 

 

 

*Significant at 5% probability by regression analysis of variance. 

Forms of 
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Doses (g i.a. ha-1) 
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 Total leaf area (cm2) 

SP 8856.16 a1 12998.53 a 13037.98 a 15295.96 a 17488.34 a 

SS 9633.85 a* 10087.75 a 11701.42 a 13516.86 a 13140.22 b 

 Shoot dry mass (g) 

SP 132.54 a 181.71 a 184.87 a 207.15 a 231.14 a 

SS 134.35 a 141.03 a 159.13 a 179.64 a 183.79 b 

SP: Ŷ* = 129.88 + 0.72X   r² = 0.97

SS: Ŷ* = 127.49 + 0.4012X   r² = 0.82
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Figura 7. Estimativa da massa seca da parte aérea de plantas de eucalipto, clone VCC865, submetidas a doses do 

herbicida flumioxazin, aplicado via água de irrigação sobre a planta (SP) e sobre o solo (SS) na fase de 

implantação da cultura. 

Figure 7. Estimation of shoot dry mass of eucalyptus plants, clone VCC865, submitted to doses of the herbicide 

flumioxazin, applied via irrigation water on the plant (SP) and on the soil (SS), in the crop implementation 

stage. 

In the evaluation of the application forms within each single dose of flumioxazin, it was verified that the 

dose of 130 g i.a. ha-1, when applied directly to the plants (SP), led to a significant increase in eucalyptus shoot 

dry mass, with values 25% higher than those obtained for application only on the soil (SS) (Table 1). 

 

Efficiency of herbicide application in weed control 

In the survey of the weed community, 27 weed species were identified, distributed in 23 genera and 11 

botanical families, with predominance of dicotyledonous, which were 81.5% of the composition. In the 

samplings, 1,841 individuals were quantified, and 75% of this total were registered in treatments without 

herbicide application (control). The most common species in the experimental area were Chenopodium 

carinatum (19.82% in relation to the total number of individuals), Blainvillea biaristata (19.44%), Urochloa 

decumbens (18.61%), Portulaca oleracea (9.61%) and Eleusine indica (6.95%). 

Regarding weed density, it was found that for none of the herbicides analyzed there was a significant 

effect of the forms of application (SP and SS), only of the doses tested. In the treatments without herbicide 

application (control), high weed densities were verified in the areas around the planting holes, with values 

ranging between 290 and 360 plants m-2 (Figure 8). A proportional decrease in plant population was observed 

with increasing sulfentrazone doses, reaching values below 60 plants m-2 when 400 and 600 g i.a. ha-1 and 10 

plants m-2 at 800 and 1000 g i.a. ha-1 were used, representing an average reduction of 85.0 and 98.2%, 

respectively, in relation to the control (Figure 8A). The same tendency to reduce weed density was observed with 

the application of the herbicides isoxaflutole and flumioxazin (Figure 8B). 
  

 

 

 

 

 

 
 

  

 
 

 

 

*Significant at 5% probability by regression analysis of variance. 

Figura 8. Estimativa da densidade de plantas daninhas em função de doses dos herbicidas sulfentrazone (A), 

isoxaflutole e flumioxazin (B), aplicados via água de irrigação na fase de implantação da cultura do 

eucalipto, clone VCC865.  

Figure 8. Estimation of weed density as a function of doses of herbicides sulfentrazone (A), isoxaflutole and 

flumioxazin (B) applied via irrigation water during the implementation stage of the eucalyptus crop, clone 

VCC865.  

For isoxaflutole, mean control percentages were around 90 and 97% when the lowest (75 and 105 g i.a. 

ha-1) and the highest doses (135 and 165 g i.a. ha-1) were applied, respectively, in relation to the control. While 

flumioxazin provided an average reduction of 80% at the lowest doses tested (70 and 90 g i.a. ha -1) and 94% at 

the highest doses (110 and 130 g i.a. ha-1), when compared to the treatment without herbicide application (Figure 

8B). 

DISCUSSION 

The highest degree of intoxication caused by the application of the herbicide sulfentrazone at the dose 

of 1000 g i.a. ha-1, when performed directly on the soil, in relation to the application on plants (Figure 1B), is 

probably due to the fact that sulfentrazone is absorbed by plants through roots and leaves, with limited 

movement in phloem as a function of rapid leaf desiccation (RODRIGUES; ALMEIDA, 2011). Thus, it can be 
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inferred that, at higher doses, the absorption of this herbicide occurs more strongly through the roots of eucalyptus 

plants, suggesting more severe effects on applications directly to the soil. According to Melo et al. (2010), when the 

herbicide is applied at pre-emergence in the soil, it can suffer sorption, leaching and/or degradation by physical, 

chemical and biological processes, besides being absorbed by weeds and/or cultivated plants. 

The reducing trend in intoxication levels by sulfentrazone application, showing recovery signs of eucalyptus 

plants from 17 DAA (Figure 1A), was also observed by Tiburcio et al. (2012), who found that, from 30 DAA, 

eucalyptus plants (E. grandis, clone CRV1189) treated with sulfentrazone (500 g i.a. ha-1) had less than 10% 

intoxication, showing recovery. However, Carbonari et al. (2012) observed that sulfentrazone intoxication symptoms 

(400 and 600 g i.a. ha-1) persisted until 77 days after application to eucalyptus (E. urograndis) clones. These authors 

also reported that the concentrations of sulfentrazone absorbed by the plants were proportional to dry mass reduction, 

indicating that the variations in the selectivity of eucalyptus clones may be related to differentiated herbicide 

absorption. 

The visual symptoms of sulfentrazone intoxication observed in eucalyptus plants (purplish young leaves, 

emission of leaves with smaller photosynthetic area and loss of apical dominance) are similar to those described by 

Takahashi et al. (2009), who reported that sulfentrazone symptoms began on the seventh day after application in E. 

urograndis clones. Velini et al. (2005) state that sulfentrazone may be toxic to eucalyptus and that young leaves 

formed between planting and application show greater sensitivity to the product, which allows the emergence of very 

sharp lesions. 

Despite the injuries caused to eucalyptus plants, sulfentrazone had no influence on initial crop growth, 

showing tolerance of clone VCC865 to this herbicide when applied via irrigation water. Vaughn and Duke (1991) state 

that the main factor for the tolerance of some plants to sulfentrazone seems to be the differential metabolism, besides 

the limited movement of this herbicide from the application site to the action site, the molecular modifications of this 

site and the rapid metabolization. On the other hand, the application of isoxaflutole and flumioxazin significantly 

affected the growth characteristics of eucalyptus. 

 

Effect of isoxaflutole on the initial growth of eucalyptus plants 

 The increase in eucalyptus growth parameters as the applied doses of isoxaflutole increased in relation to the 

control, demonstrates the selectivity of this herbicide to the crop when applied to irrigation water, regardless of form of 

application, favoring the initial plant growth. Similarly, by evaluating the selectivity of E. globulus and E. saligna 

genotypes to herbicide doses, Agostinetto et al. (2010) concluded that isoxaflutole, applied in conventional spraying 

system, was the most selective to the crop at doses up to 150 g i.a. ha-1. 

The gains observed, mainly in leaf number, leaf area and dry mass of eucalyptus shoots when the highest 

dose of isoxaflutole (165 g i.a. ha-1) is applied, may be due to the efficient weed control promoted at this dose during 

the experimental period, resulting in higher initial crop growth, evidenced by the significant increase in the 

photosynthetic area of the plants, corresponding to approximately 345 leaves and 6439 cm2, when compared to the 

treatment without application. Silva et al. (2014) report that isoxaflutole has residual effect on the soil, according to the 

dosage used, which allows the efficient control of weeds such as Brachiaria decumbens and Panicum maximum, 

preventing new flows of these plants. 

In agreement with the results obtained, Brighenti and Muller (2014) found in African mahogany (Khaya 

ivorensis) that, despite being the most phytotoxic among the herbicides tested (imazapyr, oxyfluorfen, chlorimuron-

ethyl, imazethapyr, nicosulfuron), isoxaflutole sprayed at 75 and 112.5 g i.a. ha-1 resulted in a 33 and 50% increase, 

respectively, in the number of plant leaves, evaluated at 28 days after application. On the other hand, in Australian 

cedar (Toona ciliata), these authors found significant reductions in total dry mass and leaf area of plants due to 

isoxaflutole phytotoxicity (75 and 112.5 g i.a. ha-1) at 28 days after application, as compared to the control. 

Although the forms of application of isoxaflutole, when applied to irrigation water, did not influence the 

initial growth of eucalyptus in this study, Carbonari et al. (2010) evaluated the effectiveness of aerial application of 

isoxaflutole (150 and 225 g i.a. ha-1), when applied to clay granules, and found satisfactory levels of weed control for 

Ipomoea grandifolia, Merremia cissoides, Panicum maximum and Urochloa decumbens, at 110 DAA, indicating gains 

in extension in the period of residual effect of the herbicide, compared to the conventional spraying system. 

 

Effect of flumioxazin on the initial growth of eucalyptus plants 

The increase in eucalyptus growth characteristics, mainly in leaf number, leaf area and shoot dry mass, as a 

result of the increased doses of flumioxazin, demonstrates the selectivity of this herbicide to the crop, regardless of its 

form of application and, associated with the efficient pre-emergence weed control observed during the experimental 

period, may have contributed to the greater use of environmental resources by eucalyptus plants and, consequently, 

higher initial crop growth. 

In agreement with with these results, Tiburcio et al. (2012) concluded that flumioxazin, applied in a spray 

system, is selective to eucalyptus (E. grandis, clone CRV1189), since the height and stem diameter of plants treated 

with this herbicide at doses of 75, 100 and 125 g i.a. ha-1 did not differ from the weeded control at 90 days after 

application. However, Inoue et al. (2014) found under field conditions, at 35 days after application, a significant 
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reduction in height and stem diameter of flumioxazin-sprayed Jatropha curcas (30 g i.a. ha-1) in relation to controls 

with and without weed management.  

The highest leaf development observed in plants treated with the highest dose of flumioxazin (130 g i.a. ha-1), 

with significant average gains in number and photosynthetic area of approximately 230 leaves and 6000 cm2, 

respectively, in relation to the the control, shows the selectivity of this herbicide to the crop and suggests its 

effectiveness in pre-emergence weed control when irrigated. The lowest leaf emission by eucalyptus, verified in the 

treatment without flumioxazin application, is probably due to the stress imposed by the competition, and can 

compromise seedling survival in the field or generate substantial yield losses, by reducing the photosynthetic apparatus 

of the plants. 

The increases in leaf area and dry mass of eucalyptus shoots obtained from flumioxazin application (130 g 

i.a. ha-1) directly on plants (SP), compared to the application only on soil (SS), prove the selectivity of this herbicide, 

when applied via irrigation water, which ensures greater practical applicability of this form of application and 

beneficial effects on the initial growth of eucalyptus, thus presenting potential for large-scale use in the 

implementation phase of commercial eucalyptus plantations. However, in a study conducted with ‘Mundo Novo’ 

coffee (Coffea arabica L.) seedlings, Silva et al. (2017) found phytotoxic effects resulting from the action of the 

herbicide flumioxazin, when sprayed directly on the plants, causing significant reductions in their growth, suppressing 

up to 11% stem diameter and 22% shoot dry mass, at the highest dose tested (200 g i.a. ha-1), relative to the control 

without application.  

 

Efficiency of herbicide application in weed control 

The occurrence of high weed densities in treatments without herbicide application (control) shows the 

importance of control methods as a way to reduce the degree of weed infestation in eucalyptus plantations, thus 

avoiding negative effects on initial crop development, as a result of competition for environmental resources. 

Despite the phytotoxic effects caused to the crop, sulfentrazone let to efficient weed control when applied via 

irrigation water, and the percentage of population reduction was proportional to the increase in the applied doses. The 

same tendency was observed for application via irrigation water of herbicides isoxaflutole and flumioxazin which, 

regardless of form of application (SP or SS), yielded effective weed control in the region surrounding the planting 

holes at the highest doses (165 and 130 g i.a., respectively), favoring the increase in the initial growth of eucalyptus 

plants, mainly leaf number, leaf area and shoot dry mass. These results corroborate the selectivity of these herbicides 

to eucalyptus plants when applied at pre-emergence via irrigation water, as well as their beneficial effects on crop 

implementation phase by the efficient control of the weed community. 

CONCLUSIONS 

• The herbicides sulfentrazone, isoxaflutole and flumioxazin, applied via irrigation water, regardless of form of 

application, were selective to the eucalyptus crop, clone VCC865, at the tested doses.  

• Despite causing injuries to eucalyptus plants persistent up to 42 DAA, sulfentrazone applied via irrigation water 

did not interfere with crop growth; however, it yielded an efficient weed control. 

• Application via irrigation water of herbicides isoxaflutole, regardless of form of application, and flumioxazin, 

applied directly to the plants, at the highest doses studied (165 and 130 g i.a. ha-1, respectively), favored the initial 

growth of eucalyptus plants, mainly increasing leaf number, leaf area and dry mass accumulation. 

• Isoxaflutole and flumioxazin applied via irrigation water at the highest doses evaluated (165 and 130 g i.a. ha-1, 

respectively), regardless of form of application, led to an effective weed control around eucalyptus planting holes. 
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