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Abstract 

With the growth of acai planted areas, further studies on herbicides are needed in this palm tree of great 

potential. Thus, the present work aimed to evaluate the selectivity of the 2,4-D herbicide applied in pre-

emergence, isolated, and in association, with acai seedlings. The experimental design was randomized blocks 

with 4 replications. Increasing doses of 2,4-D isolated (502.5, 1,005 and 2,010 g e a ha) and associated with 

picloram (960 g e. a ha), triclopyr (960 g e. a ha) were applied as treatments. and glyphosate (1,110 g e. a ha), 

one more control without application. At 3,7,14,21,28 and 35 DAA, the percentage of phytointoxication, height 

(cm), and the number of leaves of the acai seedlings were determined. At the end of the evaluations (35 DAA), 

the 2,4-D isolated applications obtained the best results, with low phytointoxication visual percentage, higher 

plants, and a larger number of leaves, showing selective culture. However, the association of the 2,4-D 

herbicides with picloram, in all doses used, had negative effects on the evaluated parameters, evidencing the 

non-selectivity of the acai berry crop. 

Keywords: Euterpe oleracea Mart; herbicide association; Phytoo-toxication. 

1. Introduction  

Herbicides mimicking plant growth-regulating hormones known as "auxins" are among the oldest herbicide 

classes used in agriculture. The herbicide 2,4-D, the first selective herbicide used on crops, emerged in the 

1940s as a new tool to solve weed problems. Thus, for the first-time farmers had the opportunity to control 

selectively [1]. 

Selectivity is understood as the inability of the herbicide to kill a certain plant, that is, for some reason, usually 

metabolic, the plant can metabolize the product, reducing the toxic potential or even inactivating the product. 

One of the bases of the selectivity of crops to herbicides is the capacity and speed of degradation of the 

herbicide by the plant [2]. 

Different situations exist for pre-emergence and post-emergence, in addition to pre-plant management. Thus, it 

is important to divide herbicides into two application times about the crop (pre-planting and post-planting). 

and four application times about the crop and weeds (pre-emergence and post-emergence of the crop and pre-
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emergence and post-emergence of weeds) [2].  

The acai fruit (Euterpe oleracea Mart.) in the year 2017 had an increase of 22.2% in production over the 

previous year, with 195,006 hectares of harvested area, reaching 1.7% of the total national production. ([3]). The 

use of herbicides to control weeds in this crop is a reality because, with the slow initial growth of the species, 

and the favorable soil and climate conditions, weeds emerge that compete for nutrients, water, and light ([4]). 

However, the effect of chemical control on the crop needs to be evaluated and considered.  

Thus, the present work aimed to evaluate the selectivity of the herbicide 2,4-D applied in pre-emergence of the 

crop, alone and in association, in açaí seedlings 

2. Material and Method 

The experiment was implemented in the field, at Fazenda Monte Sião, located in the municipality of Oeiras do 

Pará/PA (latitude 02º19'24.2''S and longitude 49º45'51.1''W), between April and June 2019. The soil of the 

region was classified as Dystrophic Yellow Red Latosol [5]. The herbicides were applied in desiccation in the 

experimental area, which contained an expressive majority (above 98%) of plants of Rhynchospora cephalotes 

L. (assapê grass) belonging to the Cyperaceae family, in the vegetative period. Soil samples were collected from 

the experiment installation area to determine the physical and chemical characteristics of the site, as described in 

Table 1. 

Table 1: Chemical and physical properties of the soil in the 0 - 20 cm layer. Monte Sião Farm, Oeiras do Pará, 

PA. 2019. 

pH Ca Mg Al H+Al P K M.O SB CTC Sand Silt Clay V   

CaCl2  Cmol/dm³  mg/dm³      %  %  

4,2 0,9 0,2 0,7 3,4 9,0 0,03 1,0 1,3 4,53 25,3 11,8 28,0 24,94   

Source: Unithal, 2019. 

A randomized block experimental design with four repetitions was used, and the plots had dimensions of 3 x 2 

m (6 m2), totaling 52 plots, with 12 herbicide treatments, plus a witness without application (Table 2). Uniform 

açaí seedlings aged 8 months were transplanted 15 days after application (DAA), at 1-m spacing, totaling 3 

seedlings per plot. 
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Table 2: Treatments used in the experiment. Oeiras do Pará, PA. 2019. 

Tretaments 
Doses Doses 

Trade name 
g e.a.

1
 ha

-1
 L p.c.

2
 ha

-1
 

01. Witness - - - 

02. 2,4-D + Picloran 502,5 + 960 0,75 + 4,0 
DMA 806 BR + 

Padron 
03. 2,4-D + Picloran 1.005 + 960 1,5 + 4,0 

04. 2,4-D + Picloran 2.010 + 960 3,0 + 4,0 

05. 2,4-D + Triclopyr 502,5 + 960 0,75 + 2,0 DMA 806 BR + 

Garlon 480 BR 
06. 2,4-D + Triclopyr 1.005 + 960 1,5 + 2,0 

07. 2,4-D + Triclopyr 2.010 + 960 3,0 + 2,0  

08. 2.4-D + Glyphosate 502,5 + 1.110 0,75 + 3,0 
DMA 806 BR + 

Roundup Original DI 
09. 2,4-D + Glyphosate 1.005 + 1.110 1,5 + 3,0 

10. 2,4-D + Glyphosate 2.010 + 1.110 3,0 + 3,0 

11. 2,4-D 502,5 0,75 

DMA 806 BR 12. 2,4-D 1.005 1,5 

13. 2,4-D 2.010 3,0 

1
grams of acid equivalent per hectare;

2
 liters of commercial product per hectare. 

The herbicide treatments were applied using a manual knapsack sprayer, duly regulated to work with constant 

pressure at a travel speed of 3.0 km h and a consequent spray volume equivalent to 200 L ha, the application bar 

being equipped with a "fan" type nozzle. 

The climatic data collected during the experiment period are presented in Figure 1. 

 

Figure 1: Precipitation in millimeters and temperatures (average, maximum and minimum) during the 

experiment. Oeiras do Pará, PA. 2019. 
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The evaluations occurred 3, 7, 14, 21, 28, and 35 days after application (DAA) and were: the number of leaves, 

plant height, and percentage of phytotoxicity of açaí seedlings. The evaluation of phytotoxicity was visual, 

assigning grades ranging from zero to 100, considering zero to 10% - null, 11 to 20% - minimum, 21 to 30% - 

very weak, 31 to 40% - weak, 41 to 50% - sensitive, 51 to 60% - medium, 61 to 70% - intense, 71 to 80% - 

severe, 81 to 90% - very severe and 91 to 100% - death, total damage [6].  

Once the evaluations were finished, the data obtained were submitted to statistical analysis by variance analysis 

using the F test, and to verify the difference between the means, the Scott&Knott test was used at a 5% 

significance level. 

3. Results and Discussion 

3.1. Number of Leaves 

The number of leaves decreased during the experimental period. The açaí seedlings had, on average, more than 

4 leaves per plant at 3 DAA, reduced at 35 DAA to, on average, 3 leaves per plant (Table 3). At the beginning of 

the evaluation period (3 DAA to 21 DAA), there was no difference between treatments, and only after 28 DAA 

did the herbicides differ in the number of leaves, with the lowest dose of 2,4-D with the herbicide Picloran 

providing the lowest number of leaves, with an average of 2.12 leaves (Table 3). The highest number of leaves 

was obtained in the control treatments and the highest dose of 2,4-D alone, with more than 4 leaves per plant. 

Table 3. Number of leaves of açaí seedlings during the experimental period as a function of the treatments of 

2,4-D herbicide alone or in combination. Oeiras do Pará, PA. 2019. 

Table 3: Leaves 

 Doses Number of Leaves 

Treatments 
g e. a. ha 

3 DAA 7 DAA 14 DAA 21 DAA 28 DAA 

35 

DAA 

Witness - 4,07 a 4,07 a 4,37 a 4,37 a 4,12 a 4,22 a 

2,4-D + Picloran 502,5 + 960 4,15 a 4,05 a 3,60 a 3,22 a 2,12 b 1,72 b 

2,4-D + Picloran 1.005 + 960 3,95 a 3,72 a 3,42 a 3,30 a 2,40 b 2,45 b 

2,4-D + Picloran 2.010 + 960 4,15 a 4,07 a 3,55 a 2,95 a 2,22 b 1,40 b 

2,4-D + Triclopyr 502,5 + 960 4,22 a 3,65 a 3,92 a 3,47 a 3,10 b 1,97 b 

2,4-D + Triclopyr 1.005 + 960 4,12 a 3,62 a 3,80 a 4,15 a 3,32 a 2,90 a 

2,4-D + Triclopyr 2.010 + 960 4,37 a 4,12 a 4,20 a 3,05 a 2,87 b 3,12 a 

2,4-D + Glyphosate  502,5 + 1.110 3,97 a 4,07 a 4,05 a 3,62 a 3,97 a 3,47 a 

2,4-D + Glyphosate 1.005 + 1.110 4,05 a 3,97 a 4,05 a 3,95 a 3,45 a 3,55 a 

2,4-D + Glyphosate 2.010 + 1.110 3,97 a 3,87 a 3,62 a 3,70 a 3,70 a 3,45 a 

2,4-D 502,5 4,15 a 4,05 a 3,97 a 3,70 a 3,95 a 3,90 a 

2,4-D 1.005 3,80 a 3,87 a 3,97 a 3,65 a 3,47 a 3,55 a 

2,4-D 2.010 4,22 a 4,30 a 4,30 a 4,22 a 4,15 a 3,50 a 

F trat  0,79 
NS

 1,25 
NS

 2,00 
NS

 1,62 
NS

 3,25
**

 7,35
**

 

CV (5%)  8,11 9,01 10,71 19,24 23,90 21,38 
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Means followed by the same letter in the column do not differ in the Scott&Knott test. 

*, ** significant at 5 and 1% probability, respectively. 
NS

- non-significant. 

At 35 DAA all associations with picloram provided the lowest leaf numbers, along with triclopyr at the lowest 

doses of 2,4-D, ranging from 1.40 to 2.90 (Table 3). The other treatments provided above 3 leaves are 

statistically equal.  

3.2. Height of plants 

The plants increased in height throughout the experimental period, showing the development of the seedlings. 

Therefore, the highest heights were obtained with the treatments containing the herbicide 2,4-D without 

association (Table 4), being above 37 cm at 3 DAA, 44 cm at 21 DAA, and 49 cm at 35 DAA. 

At 3, 7, and 14 DAA all associations with 2,4-D obtained the lowest heights, varying from 32.97 cm to 34.87 

cm (3 DAA), except for 2,4-D in the smallest dose associated with picloram, being statistically equal to the 

isolated treatments; from 33.80 cm to 37.40 cm (7 DAA), except again for 2,4-D at the lowest dose with 

picloram, and 36.25 cm to 40.72 cm (14 DAA), except with association of 2,4-D with triclopyr at the highest 

dose, which was 40.72 (Table 4). Queiroz and his colleagues [7] also obtained the same results when using the 

herbicides fluazifopp-butyl (93.8 g ha), quizalofop-p-ethyl (75 g ha), and the mixture clethodim + fenoxapropp- 

ethyl (50 + 50 g ha) in açaí and juçara (Euterpe edulis), causing smaller plants. At 21, 28, and 35 DAA, it was 

found that all associations of 2,4-D provided smaller heights compared to the isolated treatments (Table 4). 

Table 4: Associations with 2,4-D 

 Doses Plant Height (cm)  

Treatments g e. a. ha 3 DAA 7 DAA 14 DAA 21 DAA 28 DAA 35 DAA 

Witness - 34,62 b 36,00 b 38,20 c 40,00 c 42,80 d 46,55 b 

2,4-D + Picloran 502,5 + 960 36,25 a 37,40 a 39,12 b 42,00 b 45,20 c 46,62 b 

2,4-D + Picloran 1.005 + 960 34,62 b 35,97 b 37,32 c 39,75 c 43,22 d 45,30 c 

2,4-D + Picloran 2.010 + 960 32,97 b 33,80 c 36,25 c 38,72 c 42,65 d 43,52 c 

2,4-D + Triclopyr 502,5 + 960 33,25 b 34,35 c 36,32 c 39,15 c 41,92 d 44,12 c 

2,4-D + Triclopyr 1.005 + 960 34,20 b 34,82 c 36,55 c 38,52 c 41,42 d 43,02 c 

2,4-D + Triclopyr 2.010 + 960 34,62 b 36,10 b 40,72 a 43,37 b 46,77 b 47,92 b 

2,4-D + Glyphosate 502,5 + 1.110 34,87 b 35,92 b 39,62 b 42,07 b 44,97 c 47,17 b 

2,4-D + Glyphosate 1.005 + 1.110 34,50 b 36,22 b 39,10 b 43,12 b 45,95 b 48,12 b 

2,4-D + Glyphosate 2.010 + 1.110 33,70 b 35,12 c 37,30 c 40,17 c 43,65 d 47,25 b 

2,4-D 502,5 37,27 a 38,52 a 42,00 a 44,70 a 48,42 a 49,95 a 

2,4-D 1.005 37,02 a 38,65 a 41,92 a 45,57 a 48,80 a 50,85 a 

2,4-D 2.010 37,02 a 38,17 a 41,85 a 45.05 a 48,65 a 50,90 a 

F trat  7,27** 7,83** 7,54** 8,34** 11,25** 9,53** 

CV (5%)  3,06 3.07 4,04 4,14 3,44 3,56 

Means followed by the same letter in the column do not differ in the Scott&Knott test. 
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*, ** significant at 5 and 1% probability, respectively. 
NS

- non-significant. 

3.3. Visual percentage of phytotoxication 

The açaí seedlings showed different percentages of phytotoxicity according to the treatments and during the 

experimental period (Table 5). At 3 DAA, the treatment composed of 2,4-D alone at the lowest dose, and 

together with glyphosate at the highest dose obtained the highest percentages of phytotoxicity, with 17.87% and 

19.62%, respectively, followed by the treatments of 2,4-D at the lowest dose associated with glyphosate 

(18.10%), according to Table 5, classified as minimal damage, according to Deuber [6]. While in the same 

evaluation, the treatments with 2,4-D at the median dose associated with picloram and 2,4-D with triclopyr at 

the lowest dose provided lower levels of intoxication 9.72% and 10.05% respectively, assigning as null damage. 

Table 5: Phytotoxicity (%) of açaí seedlings during the experimental period as a function of 2,4-D herbicide 

treatments alone or in the association. Oeiras do Pará, PA. 2019. 

 Doses Phytotoxication 

Treatments 
g e. a. ha 

3 DAA 7 DAA 14 DAA 21 DAA 28 DAA 

35 

DAA 

Witness - 0,00 e 0,00 e 0,00 f 0,00 e 0,00 h 0,00 g 

2,4-D + Picloran 502,5 + 960 12,32 c 19,92 b 20,90 c 49,15 b 78,75 b 77,37 b 

2,4-D + Picloran 1.005 + 960 9,72 d 9,97 d 18,02 d 36,25 c 66,22 c 65,55 c 

2,4-D + Picloran 2.010 + 960 13,77 c  28,72 a 36,22 a 48,12 b 84,90 a 89,27 a 

2,4-D + Triclopyr 502,5 + 960 10,05 d 13,90 d 18,72 d 33,92 d 36,22 f 47,10 e 

2,4-D + Triclopyr 1.005 + 960 15,47 b 15,97 c 16,65 d 45,40 b 35,37 f 33,12 f 

2,4-D + Triclopyr 2.010 + 960 16,37 b 19,15 b 27,50 b 62,70 a 53,75 d 42,65 e 

2,4-D + Glyphosate  502,5 + 1.110 18,10 a 12,85 d 24,87 c 33,60 d 37,05 f 44,00 e 

2,4-D + Glyphosate 1.005 + 1.110 14,08 c 16,70 c 22,05 c 44,15 b 63,72 c 53,07 d 

2,4-D + Glyphosate 2.010 + 1.110 19,62 a 13,95 d 32,05 a 38,72 c 46,85 e 47,02 e 

2,4-D 502,5 17,87 a 12,47 d 22,00 c 31,22 d 46,62 e 38,50 f 

2,4-D 1.005 15,75 b 22,95 b 25,40 c 39,12 c 31,22 g 37,45 f 

2,4-D 2.010 14,20 c 12,45 d 11,80 e 31,22 d 32,05 g 33,45 f 

F trat 
 

47,15**   30,87**   29,77**   71,07**   223,13** 

145,48*

*   

CV (5%)  10,77 16,14 15,67 9,02 6,44 7,83 

Means followed by the same letter in the column do not differ in the Scott&Knott test. *, ** significant at 5 and 

1% probability, respectively. 
NS

- not significant. 

After 7 days of evaluation, the percentages of phytotoxicity provided by the herbicides tested on acai seedlings 

were increasing in all treatments (Table 5), and the highest percentages were obtained by the treatments 2,4-D in 

the highest dose associated with picloram of 28.72% and 2,4-D in the highest dose alone, with 22.95%, as well 
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as 2,4-D with triclopyr in the highest dose (19.15%) and 2,4-D in the lowest dose associated with picloram 

(19.92%). The lowest phytotoxicities were presented by the treatments: 2,4-D + picloram (1,005 + 960 g e.a. 

ha); 2,4-D in the intermediate associated with triclopyr; 2,4-D in the highest and lowest dose associated with 

glyphosate and 2,4-D in the highest and lowest dose alone, all ranging from 9.97 to 15.97%. When working with 

seedlings of the species Euterpe oleracea and Euterpe edulis, the researchers, Queiroz and his colleagues [7] 

also found the percentages of herbicide poisoning to increase over the experimental period. Dan an and his 

colleagues [8] describe that systemic herbicides have a slow initial action in plants, due to the translocation 

process. The percentages of phytotoxicity provided by the treatments increased again over time, however, at 14 

DAA, the treatment of 2,4 D alone at the highest dose decreased the intoxication caused in the seedlings from 

12.45% to 11.80%, which was the lowest value evaluated. The treatment 2,4 D at the highest dose associated 

with picloram continued to cause the highest value of intoxication with 36.22% (Table 5). The treatment of 2,4-

D + Glyphosate (2,010 + 1,110 g e. a. ha), provided similar results exceeding 32% of phytotoxicity. 

At 21 DAA, only one treatment showed a phytotoxicity value above 62% in the association of 2,4-D + triclopyr 

(2,010 + 960 g e. a. ha). The treatments of 2,4-D, at the lowest and highest dose associated with picloram 

obtained intoxication of 48.12 to 49.15%. The lowest percentages (below 34%) were obtained by the treatments 

2,4-D alone and at the lowest dose and 2,4-D + glyphosate (502.5 + 1,110 g e.a. ha) and 2,4-D + triclopyr (502.5 

+ 960 g e. a. ha) (Table 5). The other treatments did not exceed the intoxication level of 39.12%. 

At 28 and 35 DAA, phytotoxication exceeded 80% with association of 2,4-D + picloram (2,010 + 960 g e. a. ha) 

and 77% with 2,4-D + picloram (502.5 + 960 g e. a. ha
). 

 (Table 5), and the lowest values were between 31% and 

38% of 2,4-D treatments alone and associated at the highest dose with triclopyr at 35 DAA. Similar results were 

obtained by Franceschi and his colleagues [9], who used the association of 2,4-D with picloram, in Yellow Red 

Latosol, in the cucumber crop, at various soil depths, reaching the result of more than 90% of phytotoxic action 

of the crop, in the shallowest depth (0 - 8 cm). 

4. Conclusions 

The applications of 2,4-D alone obtained the best results, with the low visual percentage of phytotoxication, 

taller plants, and with a greater number of leaves, proving to be selective to the crop. However, the association 

of 2,4-D herbicides with Picloran, in all doses used, provided negative effects on the parameters evaluated, 

showing non-selectivity to the açaí crop. 
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