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Abstract
The aim of this study was to assess the effect of subdoses of 2,4-D + picloram on the emergence and initial growth 
of Hymenaea stigonocarpa. Three experiments were carried out. In the first one, the seeds were planted in sand 
with residues of 2,4-D + picloram (0; 0.02; 0.10; 0.20 and 0.40 L ha-1). The second experiment was conducted with 
seedlings, using the same treatment of experiment I. In experiment III, the seeds were planted in Red Latosol 
contaminated with subdoses of 2,4-D + picloram (0; 0.02; 0.08; 0.24; 0.48 and 0.96 L ha-1). The contamination of the 
sand substrate with subdoses of 2,4-D + picloram inhibits the emergence and senescence of Hymenaea stigonocarpa 
plants. Moreover, when seeds of this species were cultivated in Red Latosol with residual doses between 0.04 and 
0.96 L ha-1, emergence and emergence speed index declined.
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1. INTRODUCTION AND OBJECTIVES

Some cultivated species are susceptible to the interference 
of weeds during growth, requiring chemical control, especially 
in large-scale production (Peres-Oliveira et al., 2016; Silva et al., 
2009). As such, the use of herbicides has become increasingly 
common in Brazilian agriculture. 

A type of herbicide is the 2,4-D + picloram, an auxin or 
auxin-mimicking formulation that acts on the growth of sensitive 
plants, triggering metabolic and biochemical changes. This 
herbicide is widely used in pastures and rice (Oryza sativa L.),  
wheat (Triticum aestivum L.) and sugarcane (Saccharum 
officinarum L.) crops. Picloram has a long residual period 
and can be found in soil up to three years after application 
(D’Antonino et al., 2009; Mancuso et al., 2011). 

Herbicide residues in soil are considered responsible for 
reduced yield in successor crops (Alvarenga et al., 2003). The 
effects of plant intoxication caused by herbicide residues range 
between lower yields and the formation of morphophysiological 
anomalies. In a study conducted by Barros et al. (2014), 

residual doses of 2,4-D + picloram caused significant damage 
to eucalyptus species.

The disordered exploitation of natural resources means that 
degraded areas must be recovered with native species such as 
Protium heptaphyllum, Myrcia splendens, Qualea multiflora, 
Tapirira guianensis, Magonia pubescens, Copaifera langsdorffii 
Desf (Bendito et al., 2018), and Hymenaea stigonocarpa, the 
last been prioritized for this purpose (Durigan, 2003). 

However, no studies have shown the effect of this herbicide 
on native Cerrado species. Contaminated areas are difficult to 
recover, considering that these herbicides may compromise 
plant development. Thus, this study aimed to assess the behavior 
of Hymenaea stigonocarpa cultivated in soil contaminated 
with residues of 2,4-D + picloram.

2. MATERIALS AND METHODS

The experiments were carried out at the Center for 
Research in Physiology and Stress of Plants (NUFEP—
Núcleo de Pesquisa em Fisiologia e Estresse de Plantas) of 
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the Centro Universitário de Patos de Minas (Unipam), in 
the municipality of Patos de Minas, Minas Gerais (MG). 
The seeds and seedlings of Hymenaea stigonocarpa Mart. 
ex Hayne were donated by the State Institute of Forests 
(IEF—Instituto Estadual de Florestas). 

Three experiments were conducted to assess the residual 
effect of the herbicide on the germination and initial 
development of Hymenaea stigonocarpa.

All experiments were performed in a plant growth 
chamber using a completely randomized design. The growth 
chamber has a system of fluorescent lights activated by a timer, 
simulating a 12-hour photoperiod and incident solar radiation 
of approximately 1,000 W m-2. The area was maintained at 
a temperature of 25  °C during the day and 18  °C during 
the night, with air humidity set at 70%, controlled by an air 
conditioner and dehumidifier.

Experiments I and II (conducted in pots filled with 
sand) were composed of five treatments and six repetitions 
(Table 1) and experiment III (in pots containing Eutroferric 
Red Latosol with high clay texture −42% clay, 20% silt 
and 38% sand, Embrapa, 2006) was composed of six 
treatments and six repetitions. The treatments consisted 
of subdoses of the herbicide Tordon®, whose formulation 
contains 2,4-D + picloram (240 g L-1 + 64 g L-1 respectively). 
The residual doses were estimated based on the below-
recommended concentrations of the herbicide (4.0 L ha-1), 
according to the methodology proposed by Nascimento 
& Yamashita (2009). The experiment conducted in soil 
(experiment III) was performed with higher subdoses of 
herbicide, due to interactions that may occur between 
the herbicide and charges present in the soil, absorbing 
part of the product.

Solutions corresponding to each herbicide dose were 
prepared by diluting the commercial product in distilled 
water (herbicide solution) to contaminate the soil. At 
the time of contamination, the substrate was moistened 
to approximately 80% of field capacity (Nascimento & 
Yamashita, 2009). The substrate was contaminated before 
planting or seedling transplantation. It is important to 
highlight that experiments I and II were conducted using 
washed sand exclusively to isolate the treatment effect on the 
plants or seeds. However, since sand increases the effect of 
treatments due to its physical characteristics, residual doses 
were lower in these experiments. Based on these results, 
the experiment was conducted in Red Latosol, which best 
simulates real conditions.

The pots were watered according to their need, which 
was determined using the gravimetric analysis. A total of 
10 mL of the nutrient solution proposed by Johnson et al. 
(1957) were applied weekly to each pot. 

Table 1. Doses of herbicide 2,4-D + picloram applied on the 
substrate.

Experiments I e II Experiment III
Herbicide 

(L ha-1) RD* (%) Herbicide 
(L ha-1)

RD* 
(%)

0 0 0 0

0.02 0.5 0.04 1

0.10 2.5 0.08 2

0.20 5 0.24 6

0.40 10 0.48 12

– – 0.96 25
* RD: Percentage of herbicide applied, in relation to the recommended dose.

In experiment I, 30 pots with 8 L of washed sand were 
used. Before planting, the seeds were scarified with an electric 
emery to break mechanical dormancy. Later, the seeds were 
disinfected with a 5% sodium hypochlorite solution for five 
minutes. Ten seeds per pot were planted equidistantly at a 
depth of 3 cm. In this experiment, emergence and emergence 
speed index (ESI) were assessed.

Emergence was assessed for 35 days. At the end of the 
observation, ESI was obtained by adding the number of 
emerged seeds per day, divided by the number of days after 
planting (DAP), according to Equation 1, as proposed by 
Maguire (1962): 

where: ESI is the emergence speed index; E the number of emerged 
seeds per day; and t the number of days after planting.

Hymenaea stigonocarpa seedlings were used in experiment 
II. The seedlings (approximately 120 days old) were produced 
in plastic bags, and they exhibited an average height of 40 cm 
and five fully expanded leaves. Planting occurred in the original 
seedling substrate, that is, with clumps of Red Latosol, in pots 
filled with 8 L of washed sand, previously contaminated with 
herbicide residues. Each pot was repeated in each treatment.

In this experiment the nitrate reductase enzyme activity, 
the SPAD index, leaf senescence, and dry weight were 
assessed. Nitrate reductase (NR) enzyme activity occurred 
seven days after the start of the experiment—removing 
samples from three leaves in the upper third of the plant 
completely exposed to light—in four plants per treatment. 
NR was determined following the methodology proposed 
by Mulder et al. (1959).

To determine the leaf SPAD index, a portable chlorophyll 
meter was used (Minolta Spad-502) for instant readings of 
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relative chlorophyll content without destroying the leaf. Readings 
were conducted seven days after seedling transplantation. 

Leaf senescence was assessed considering senescent leaves 
as those with more than 50% of dead leaf tissue, with the 
percentage of dead plants also assessed. The aforementioned 
analyses were carried out at 7 and 14 days after seedling 
transplantation. 

To determine dry weight at 45 DAP, each plant organ was 
packed separately in paper bags, and dried in a forced air 
oven at a temperature of 65 °C, until constant mass. 

Experiment III was performed in 8 L plastic pots filled 
with Red Latosol, the soil was obtained from an area not 
contaminated by herbicides. Ten scarified Hymenaea stigonocarpa 
seeds per pot were used, with 3 cm separating each seed, at 
a depth of 3 cm. Before planting, seeds were disinfected in 
5% sodium hypochlorite solution for 5 min. Emergence and 
ESI were assessed, as described in experiment I. 

Statistical analyses were conducted using Sisvar® software 
(Ferreira, 2010). The data obtained were submitted to analysis 
of variance and, when significant, the regression models were 
set at 5% significance. Dry weight analyses were compared 
using the Student’s t-test, at 5% significance. 

3. RESULTS AND DISCUSSION

Applying subdoses of 2,4-D + picloram in sand (experiment I) 
inhibited the germination of Hymenaea stigonocarpa seeds 
at all concentrations tested. Germination values of 90% 
were observed in the control, while the other germination 
treatments exhibited values of 0%. For this reason, we did 
not present this data in tables or figures. 

When auxin herbicides—such as 2,4-D + picloram—
are applied to sensitive plants they cause metabolic and 
biochemical changes, inducing cell proliferation in tissues, 
which significantly affects cell wall plasticity. After the use of this 
herbicides, a considerable increase in cellulose enzymes such as 
carboxymethylcellulase in roots can be noted (Tomaz, 2011). 
Thus, the root system of species sensitive to auxin herbicides 
is rapidly destroyed, inhibiting emergence, as observed here.

In experiment II, conducted with young Hymenaea 
stigonocarpa plants, residual doses of the herbicide had a 
negative effect on plant development. The activity of the 
Nitrate reductase (NR) enzyme declined in plants submitted 
to residual doses of the herbicide, as follows: 16, 29, 25 and 
29% in treatments with 0.02; 0.10; 0.20 and 0.40 L ha-1 of 
2,4D + picloram, respectively (Figure 1a), in relation to the 
control. This effect was also observed for the SPAD index, 
presenting a reduction of 23, 25, 26 and 25% compared with 
the control, for treatments with 0.02; 0.10; 0.20 and 0.40 L ha-1, 
respectively (Figure 1B).
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Figure 1. Nitrate reductase activity, NR (a) and SPAD index (b) in 
seedlings of Hymenaea stigonocarpa submitted to residual doses of 
the herbicide 2,4-D + picloram applied in sand substrate.

The effects caused by herbicide 2,4-D + picloram were 
documented by Hansen and Grossmann (2000). According to 
these authors, this compound damages the chloroplast, resulting 
in leaf chlorosis as well as a decline in chlorophyll, inducing 
cellular senescence and necrosis. This fact explains the reduced NR 
enzyme activity and SPAD index in this experiment (Figure 1b). 

Nitrate reductase enzyme activity depends on the 
photosynthetic energy produced (Marschner, 2012). As such, 
the decline in photosynthetic tissue observed in the SPAD 
index may have led to decreased energy production, which 
affected nitrate reductase enzymes (Figure 1a). 

Experiments conducted by Barros et al. (2014) in 
Eucalyptus globulus showed that applying doses between 3 
and 6 L ha-1 decreased photosynthetic activity in plants. In 
Hymenaea stigonocarpa, subdoses of 0.02 L ha-1 were sufficient 
to damage the plants.

Seven days after treatments (DAT), the plants exhibited 55, 
70, 72 and 87 % leaf senescence for treatments with 0.02; 0.10; 
0.20 and 0.40 L ha-1 of 2,4-D + picloram. At 14 DAT, plants 
treated with 0.02 L ha-1 displayed 94% leaf senescence, while 
higher doses caused 100% senescence (Figure 2a). The percent of 
plant senescence at 7 DAT reached 50% for those treated with 0.2 
and 0.4 L ha-1 of 2,4 D + picloram. At 14 DAT, 0.02 L ha-1 caused 
senescence in 83% of the plants, while treatments with 0.10; 0.20 
and 0.40 L ha-1 resulted in 100% plant senescence (Figure 2b).
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Figure 2. Senescence of leaves (a) and plants (b) in seedlings of 
Hymenaea stigonocarpa submitted to residual doses of the herbicide 
2,4-D + picloram applied in sand substrate.

Plant dry weight, measured 45 days after seedling 
transplantation, was only assessed in treatments with subdoses 
between 0 and 0.02 L ha-1 2,4-D + picloram. The remaining 
treatments killed the plants and they were not considered 
in this assessment. No significant difference was observed 
between the treatments (Table 2).

The use of 0.02 L ha-1 subdoses of herbicide killed plants, 
which directly affected dry weight (Table 2). Several studies 
have reported that a decline in this variable is common in most 
susceptible plants. Hansen & Grossmann (2000) observed 
that applying 2,4-D + picloram caused an overproduction 
of ethylene, triggering abscisic acid (ABA), which results in 
stomatal closure, thus, limiting carbon assimilation and biomass 
production. Furthermore, Ashton & Crafts (1973) report that 
when seedlings of susceptible species are sprayed with 2,4-D, 
their normal growth pattern changes rapidly, meristematic 
cells stop dividing, and elongated cells stop growing. 

Table 2. Leaf (LDM), stem (SDM), root (RDM) and total (TDM) dry 
mass in seedlings of Hymenaea stigonocarpa submitted to residual 
doses of the herbicide 2,4-D + picloram applied in sand substrate.

Treatments 
(L ha-1)

LDM SDM RDM TDM

g plant-1

0 1,06 ns 1.55 ns 5.04 ns 7.65 ns

0.02 1.22 1.47 4.84 7.52

CV 34.63 25.46 34.44 26.53

Up to 84 days after its use, the residual effect of picloram 
in agricultural areas causes senescence in successor crops 
(Stizolobium aterrimum and Canavalia ensiformis) (Mancuso 
et al., 2011). Additionally, applying 0.25 L of 2,4-D + picloram 
results in senescence of soybean plants used as a successor 
crop (Franceschi et al., 2015). All of these characteristics 
corroborate the senescence results obtained for Hymenaea 
stigonocarpa plants (Figure 2).

In an experiment conducted with lettuce (Lactuca sativa L.), 
tomato (Lycopersicon esculentum Mill.) and cucumber 
(Cucumis sativus L.), the phytotoxicity of 2,4 D + picloram 
rose with higher doses, ranging between 0.02 and 0.04 ha-1 
(Nascimento & Yamashita, 2009). Auxin herbicides such as 
2,4-D and picloram affect the physiological parameters of 
the plant, damaging mesophyll cells and causing thylakoid 
elongation and dilation. The overproduction of Superoxide 
radical (O2

-) and hydrogen peroxide (H2O2
-) may also occur 

in plants treated with these herbicides (Romero-Puertas et 
al., 2004). This overproduction causes oxidative stress, with 
concomitant protein degradation and cell death, which leads 
to symptoms of phototoxicity.

Applying residual doses of 2,4-D  +  picloram in soil 
(Red Latosol-experiment III) caused significant decreases 
in the emergence (Figure 3a) and emergence speed index 
of seedlings (Figure 3b). 
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Figure 3. Emergency percentage—E (a) and emergency speed 
index—ESI (b) in seeds of Hymenaea stigonocarpa sown on 
contaminated soil with residual doses of the herbicide 2,4-D +  
picloram applied in Red Latosol.
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The increase in residual doses of 2,4-D + picloram led to a 
decline of 8, 27, 41, 44, and 58% in seedling emergence, applying 
0.04; 0.08; 0.24; 0.48, and 0.96 L ha-1, respectively, compared 
to the control (Figure 3a). This reduction was demonstrated 
by the emergence speed index (ESI) for treatments with 0.24; 
0.48; 0.96 L ha-1, respectively (Figure 2b).

The smaller effect of 2,4-D  +  picloram on Hymenaea 
stigonocarpa seed germination in soil compared to seeds grown 
in sand, may be related to the clay proportion (Figure 3). 
Higher adsorption and herbicide persistence generally occur 
in soils with higher clay proportion as well as low desorption 
indices, leaching and degradation (Hager & Nordby, 2004; 
Vivian et al., 2007). Thus, the clay proportion present in 
the soil that the planting occurred (approximately 50%) 
likely caused a decline in herbicide concentration in the soil 
solution that entered into contact with the seeds, which did 
not affect the emergence as significantly as the experiment 
performed in sand.

4. CONCLUSIONS 

Applying subdoses of 2,4-D + picloram (0.02; 0.1; 0.2 and 
0.4 L ha-1) in sand inhibits the emergence and initial growth 
of Hymenaea stigonocarpa seedlings. These doses reduced 
the SPAD index and increased the senescence. 

The herbicide subdoses did not result in complete 
inhibition when applied in Red Latosol clay soil, but they 
reduced the emergence and emergence speed index, showing 
that Hymenaea stigonocarpa may be susceptible to damage, 
if cultivated in soils with residues of 2,4-D + picloram.
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