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Abstract 
The object of this research was to determine the sensitivity and bioindicator potential of the plant species Peltophorum 
dubium to glyphosate drift contamination by monitoring the effects of this herbicide in forests adjoining agricultural 
areas where it was applied. Sub dose glyphosate concentrations of 2%, 4%, 8%, 16%, and 32% of the recommended 
commercial dose of 1440 g ha-1 in simulated drift exposure tests revealed P. dubium intoxication to be very low (<4%) 
at doses lower than 115.2 g ha-1 and reached 40% when exposed to 460.8 g ha-1. In plants exposed to a dose of 460.8 g 
ha-1 there was a reduction in photosynthetic rate, transpiration, and stomatal conductance of 22.7%, 18.1%, and 33%, 
respectively, contrasted to the control dose. The morphophysiological responses of P. dubium indicate low sensitivity to 
glyphosate drift at lower exposure doses as well as the species’ survival capacity in areas contaminated by this herbicide.
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1. INTRODUCTION 

The use of herbicides in weed management is one of the 
most important practices in agriculture. These products are 
also applied in non-agricultural and forest restoration areas, 
benefiting the establishment of native species (Araújo et al., 
2025). However, inappropriate use can cause environmental 
problems and affect non-target organisms, leading to 
contamination of soil (Wołejko et al., 2022), water (Javaid et 
al., 2023), and nearby forests (Carpenter et al., 2020; Ferreira 
et al., 2023). Herbicide use is frequent in extensive crop areas 
(Ofosu et al., 2023), where drift during application may occur, 
with particles carried by wind to adjacent sites (Cruz et al., 
2021), transferring herbicides to non-target organisms and 
polluting nearby environments.

In Brazil, reforested areas and pastures often occur in 
heavily impacted biomes, as large lands are used for agriculture, 
mainly soybean and other commodities. Most agricultural 
activity is concentrated in the Cerrado, representing about 
48% of Brazil’s soybean area (Mapbiomas, 2023). This biome 
is now fragmented, surrounded by monocultures, and directly 
exposed to herbicide effects.

The herbicide most extensively used globally is Glyphosate 
(Novotny, 2022). In 2022, its commercialization rose to 
approximately 231 tons of the active ingredient in Brazil alone 
(IBAMA, 2022). Glyphosate acts by inhibiting the action of 
5-enolpyruvyl-shikimate-3-phosphate synthase (EPSPS), 
the enzyme responsible for catalyzing the transformation 
of shikimate-3-phosphate into 5-enolpyruvyl-shikimate-3-
phosphate (Cruvinel et al., 2019). EPSPS suppression deregulates 
carbon flow, causes shikimate accumulation, and prevents 
the synthesis of aromatic amino acids required for protein 
production and plant growth (Kisvarga et al., 2023).

The widespread use of glyphosate in weed management 
across a variety of crops demonstrates the importance of 
this herbicide for agriculture. Among the benefits of using 
glyphosate in weed management are its broad spectrum of 
action, low cost compared to other molecules, and low potential 
for animal toxicity and environmental damage (Duke & Powles, 
2008), primarily because it lacks soil activity. Yet, application 
can contaminate neighboring areas through drift, especially 
under unfavorable weather conditions such as strong winds 
or with inadequate spraying technology (Dupont et al., 2018; 
Lucadamo et al., 2018).
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Studies on glyphosate effects in non-target organisms and 
bioindicator plants have been reported (Oliveira et al., 2021; 
Rezende-Silva et al., 2022). Using plants for biomonitoring is 
an effective tool to assess herbicide impact (Cruz et al., 2021; 
Silva et al., 2022). The plant responses to herbicide exposure 
serve as biomarkers, allowing species to be identified as 
bioindicators (Lima et al., 2017). The main biomarkers used 
in biomonitoring include visual symptoms such as chlorosis 
and necrosis, photosynthetic rate, stomatal conductance, 
transpiration rate, photosynthetic pigment content, shikimic 
acid accumulation (Freitas-Silva et al., 2020; Cruz et al., 2021), 
concentration of phenolic compounds, proteins, and amino 
acids (Rezende-Silva et al., 2019), and catalase and ascorbate 
peroxidase activities (Silva et al., 2022). 

Peltophorum dubium (Spreng.) Taub is a tree species 
native to the Cerrado biome, frequently used to restore 
degraded areas and planted in areas designated for permanent 
preservation (Carnevali et al., 2016). Its wide distribution 
(Silva et al., 2023) and occurrence near agricultural fields 
make it a suitable candidate for biomonitoring herbicide 
drift (Seiler et al., 2014), especially glyphosate. 

The hypothesis of this study is that P. dubium is sensitive 
to glyphosate, which may pose a risk to the conservation 

of the species and its permanence in fragmented areas of 
the Brazilian Cerrado, a fragile biome considered to be the 
most threatened by the expansion of agriculture in Brazil 
(Schwaida et al., 2023; Cima et al., 2023;). If the species 
is sensitive to glyphosate, it can be used in biomonitoring 
the impact of this herbicide in the environment. Therefore, 
this study aims to determine the sensitivity of P. dubium to 
glyphosate drift and evaluate the bioindicator potential of 
P. dubium in monitoring contamination by this herbicide in 
the Brazilian Cerrado biome.

2. MATERIAL AND METHODS

2.1. Location of the experiment and obtaining 
Peltophorum dubium seedlings

The study was conducted in Montes Claros, Minas Gerais, 
which has an Aw climate (Climate-Data, 2023), between 
January and April 2023. The average temperature and rainfall 
every ten days during the experimental period are shown in 
(Figure 1) and were obtained from a weather station located 
about 675 m from the experimental area.

Figure 1. Climatic characterization of the experimental area, from January to April 2023, between transplanting the Peltophorum dubium 
(Spreng.) Taub seedlings and the end of the experiment, with average temperature (oC) and rainfall (mm) every ten days.

Seedlings of P. dubium were grown in 290  cm³ tubes 
containing commercial BIOPLANT® substrate (33.3% 
charcoal grind, 33.3% tanned bovine manure, and 33.4% 

vegetable fiber substrate + vermiculite), plus 75 g of P2O5 and 
15 g of K2O per cubic meter of substrate. The seeds used to 
produce the seedlings were collected from trees located in 
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an area of Cerrado. The P. dubium seedlings remained in the 
nursery for 108 days, watered daily and fertilized fortnightly 
with 10 g L-1 of the commercial formulation NPK 04:20:12.

At approximately 3 months of growth the seedlings were 
screened and graded in terms of vigor and height and then 
transplanted into 12-liter pots filled with substrate in a 3:1:1 
ratio (soil: sand: cattle manure). During the cultivation of P. 
dubium in these pots, the soil was kept moist via regular daily 
irrigations, keeping the field capacity moisture level between 
80% and 100%. The plants were fertilized every fortnight with 
3 g of urea (45% N) and 3 g of potassium chloride (60% K2O).

2.2. Experimental design and application 
of glyphosate in simulated drift tests on 
Peltophorum dubium seedlings

The study used randomized blocks with six replications with 
each experimental test plot represented by a P. dubium plant. 
To simulate drift, the plants were subjected to applications 
of 28.8, 57.6, 115.2, 230.4, and 460.8 g e. a. ha-1 of glyphosate 
(Roundup Original® Mais), and the control dosage (no 
herbicide application). The doses applied refer to sub doses 
simulating herbicide drift, and correspond to 2%, 4%, 8%, 
16%, and 32% of the 1440 g e. a. ha-1 dose of glyphosate, the 
herbicide which is often used to control weeds in soybean, 
corn, cotton, and eucalyptus crops (Agrofit, 2024).

The herbicide mixture was applied 40 days after the P. 
dubium seedlings were transplanted into the 12-liter pots. 
At the time of application, the plants were approximately 
43 cm in height and 0.97 cm thick stem diameter. The 
environmental conditions were 20.54oC average temperature, 
77.2% relative humidity, and 3.3 Km h-1 wind speed at the 
time of application. A knapsack sprayer (model PJH, Jacto do 
Brasil SA, Pompeia, Brazil) was used to spray the plants, the 
extension wand equipped with a spray tip (model TTI11002, 
Teejet, Wheaton, Illinois, USA) and a constant pressure 
regulating valve at 200 kPa (model U7466.00, Guarany, Itu, 
Brazil), calibrated to apply 116 L ha-1 of spray. 

2.3. Analysis of the physiological characteristics 
of Peltophorum dubium under glyphosate drift

At 4 and 7 days after application (DAA) of the herbicide, 
photosynthetic rate, stomatal conductance, and transpiration 
rate were assessed using an infrared gas analyzer - IRGA 
(Lcpro-SD, Analyctical Development Co. Ltd, Hoddesdon, 
UK) with a 1200 μmol m-2s-1 coupled light source. Chlorophyll 
a and chlorophyll b were measured using a chlorophyll meter 
(CFL1030, Falker, Porto Alegre, Brazil). The quantum yield 
of photosystem II (Ф PSII) and the electron transport rate 

(ETR) were evaluated using the Y (II) meter fluorometer 
(PSK, Opti-Sciences, Hudson, USA). Water use efficiency 
(WUE) was calculated using the ratio of photosynthesis to 
transpiration. The physiological assessments were carried 
out on leaflets located on the upper third of the plant, on 
fully expanded leaves, between 8 and 10 am.

2.4. Analysis of the morphological 
characteristics and intoxication of Peltophorum 
dubium under glyphosate drift

The plants were evaluated for glyphosate intoxication at 15, 
30, and 45 DAA of the herbicide using a scale of 0% to 100%, 
where 0% corresponds to the absence of visible symptoms and 
100% to plant death (ALAM, 1974). Three trained assessors 
carried out the intoxication assessments, and the values per 
plot were determined using the arithmetic mean of the three 
observations. The symptoms of glyphosate intoxication in P. 
dubium plants were described and photographed to correctly 
record the action of the herbicide.

The plants’ height (cm) was measured with a graduated ruler 
from the soil surface to the stem apex. Stem diameter (mm) 
was obtained with a caliper, measured two centimeters from 
the soil surface at 0 and 45 (DAA). The increase in height (cm) 
and diameter (mm) of the P. dubium saplings was obtained from 
the difference between the values obtained for each variable at 
45 DAA and immediately before the glyphosate application. 

At 45 DAA, the P. dubium plants were cut to determine 
the dry mass of the aerial part, roots, and total mass of the 
saplings. The material was separated, placed in Kraft bags, 
and dried in an oven with air circulation at 65°C for 72 hours.

2.5. Analysis of the concentration of sugars 
and starch in Peltophorum dubium under 
glyphosate drift

The concentration of sugars and starch present in the aerial 
part and root of P. dubium plants was determined following 
the methodology adapted from McCready et al. (1950). The 
samples were ground using a knife mill (CE-340/MACRO, 
Cienlab, Campinas, Brazil), after which a 0.2 g fraction of 
the sample was taken, and 1.5 mL of boiling 80% ethanol was 
added to remove soluble sugars, mono, di, and trisaccharides. 
Afterward, the material was centrifuged at 3000 rpm for 10 min. 
The procedure was repeated four times and the supernatants 
were collected in a 100 mL volumetric flask and topped up 
with distilled water, where they were reserved for analysis of 
soluble sugars. The precipitate was then resuspended in 1.5 mL 
of 30% perchloric acid, stirred for 2 min in a whirlpool, and 
left to stand for 30 min, followed by centrifugation at 3000 rpm 
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for 10 min, a procedure repeated three times. The supernatants 
obtained were collected in a volumetric flask and topped up with 
distilled water for quantification of the starch and sugar content 
by reaction with anthrone (Fales, 1951), and the absorbance 
at 620 nm was measured using a spectrophotometer (model 
1600 UV, Nova Instruments, Piracicaba, Brazil).

2.6. Data analysis

The symptoms of intoxication of P. dubium plants were 
presented descriptively. The response of P. dubium plants 
subjected to glyphosate drift in terms of growth, physiological, 
biochemical and intoxication variables was considered normal 
by the Shapiro-Wilk test and with homogeneous variance by the 
ONeill and Mathews test and submitted to analysis of variance 
by the F test (p ≤ 0.05). Where appropriate, linear and non-
linear regressions were fitted at 5% probability as a function 
of the doses of glyphosate tested in simulated drift. Statistical 
analyses were conducted using R software (R Core Team, 2022).

3. RESULTS

3.1. Characteristic symptoms of glyphosate 
intoxication in Peltophorum dubium

The P. dubium plants exposed to simulated drift of 
glyphosate showed characteristic symptoms of intoxication 
caused by the action of the herbicide (Figure 2), but mainly 
in the stem apex and in the leaves of the upper third of the 
plant. The visual symptoms of glyphosate poisoning observed 
were chlorosis, spots of necrosis, leaf wilting, leaf wrinkling, 
uneven leaflet development (Figure 2 g - n), uncharacteristic 
sprouting and yellowing of the stem apex (Figure 2 e - f), as 
well as reduced growth in height and diameter. The harm 
caused by intoxication was greater in the dose of 230.4 g e. a. 
ha-1 of glyphosate. In contrast, at lower test doses the plants 
showed few symptoms of intoxication, with signs of recovery 
over the 45 days of evaluation.

Figure 2. Symptoms of intoxication in Peltophorum dubium plants at 7 and 14 days after application (DAA) of sub doses of glyphosate 
in simulated drift. General aspects at 45 days after application of glyphosate sub doses (a) Non-treated control, (b) 230.4 g e. a. ha-1 of 
glyphosate, (c) 460.8 g e. a. ha-1 of glyphosate. General view of plants not treated with herbicide (d); overgrowth and chlorosis at the stem 
apex (circle) (e); chlorosis and necrosis on the leaflets and at the stem apex (arrows) (e) and (f). General leaf appearance of untreated plants 
“g” and “k”; symptoms of drift intoxication in plants exposed to 115.2 g e. a. ha-1 of glyphosate “h” and “l”; 230.4 g e. a. ha-1 of glyphosate 
“i” and “m”; 460.8 g e. a. ha-1 of glyphosate “j” and “n”.
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3.2. Intoxication rate and growth of P. dubium 
subjected to glyphosate drift

In regard to the intoxication of P. dubium plants, intoxication 
(<4%) was observed at doses lower than 115.2 g e. a. ha-1 of 
glyphosate; on the other hand, plants exposed to 460.8 g e. 
a. ha-1 of glyphosate showed 40% intoxication caused by the 

action of glyphosate at 45 DAA (Figure 3 a). This intoxication 
impacted the accumulation of dry mass in the aerial parts 
and roots of the plants, and this reduction in dry mass was 
inversely proportional to the increase in doses. The dry 
mass of the aerial part was the most affected, with a 55.29% 
reduction in plants exposed to a dose of 460.8 g e. a. ha-1 of 
glyphosate compared to the control (Figure 3 b).

Figure 3. (a) Intoxication rate at 15, 30 and 45 days after application (DAA) and accumulation of dry mass of the aerial part and root (b) 
of Peltophorum dubium plants exposed to sub doses of glyphosate, in simulated drift. ** significant by T-test (p ≤ 0.01).

The resulting height and stem diameter of the glyphosate 
treated P. dubium plants was directly influenced by 
the intoxication caused by the 230.4 g e. a. ha-1 dose of 
glyphosate. Compared to the control dose, plants exposed to 
a dose of 460.8 g e. a. ha-1 of glyphosate showed an 86.38% 

reduction in height increment (Figure 4 a). The increase 
in diameter was also affected by intoxication caused by 
glyphosate at a dose of 460.8 g. e. a. ha-1 of glyphosate. 
This measurement was 28.72% lower than that observed 
in the control (Figure 4 b).

Figure 4. Increase in height (a) and increase in stem thickness (b) in Peltophorum dubium plants exposed to simulated glyphosate drift at 
45 days after application (DAA) of the herbicide. **Significant by t-test (p ≤ 0.01).
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3.3. Physiological and metabolic response of 
Peltophorum dubium to glyphosate drift

The simulated drift of glyphosate on P. dubium plants 
caused a reduction in photosynthesis (Pn), transpiration 
rate (E), and stomatal conductance (gs) at 4 and 7 DAA. This 
reduction was more pronounced in the dose of 230.4 g e. a. 
ha-1 of glyphosate. When only the plants exposed to the 460.8 
g e. a. ha-1 dose of glyphosate at 7 DAA, were considered, a 
reduction of 22.66%, 18.06%, and 33.33% was observed in 

photosynthesis, transpiration, and stomatal conductance, 
respectively, compared to the control (Figure 5 a-c).

The water use efficiency (WUE) results, photosystem II 
quantum yield (Ф PSII), electron transport rate, chlorophyll a, 
and chlorophyll b did not show a regression fit as a function 
of glyphosate doses in simulated drift. However, P. dubium 
plants exposed to sub doses of glyphosate showed a higher 
average value of ФPSII and chlorophyll b than plants not 
treated with the herbicide, with the other variables remaining 
unchanged (Table 1).

Figure 5. a - Photosynthetic rate (Pn), b - Transpiration (E) and c - Stomatal conductance (gs) in Peltophorum dubium plants exposed to sub doses of the herbicide 
glyphosate, in simulated drift. **; * significant by T-test at (p≤0.01) and (p≤ 0.05), respectively.

Table 1. Water use efficiency (WUE), photosystem II quantum yield (Ф PSII), electron transport rate (ETR), chlorophyll a and chlorophyll 
b, in Peltophorum dubium plants exposed to sub doses of glyphosate.

WUE Φ PSII ETR chlorophyll a clorophyll b
μmol CO2/ mol H2O μmol m²s-1

No herbicide 3.52±0.06 0.42±0.01 95.23±22.49 25.14±0.48 4.72±0.22
Glyphosate Derived* 3.54±0.02 0.47±0.005 67.54±6.43 25.56±0.51 5.16±0.10

*mean values plus or minus standard error of plants exposed to the five glyphosate subdoses tested.
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The average accumulation of soluble sugars in the 
aerial part for the control plant was 33.91 mg g-1 with a 
standard error of 1.65 mg g-1. In contrast, for the plants 
exposed to glyphosate, the average accumulation of 
soluble sugars was 34.62 mg g-1 with a standard error of 
0.45 mg g-1. As a result of glyphosate drift, there was an 
increase in the accumulation of total soluble sugars in the 
roots (Figure 6 a). Starch accumulation was influenced 

by the simulated drift, both in the aerial part and in the 
root of P. dubium (Figure 6 b). At doses of 230.4 g e. a. 
ha-1 and 460.8 g e. a. ha-1 of glyphosate, soluble sugars in 
the root were 70.48% and 141%, respectively, higher than 
that accumulated in the control. The quadratic polynomial 
equations adjusted for starch accumulation in the aerial 
part and root indicated greater accumulation at the dose 
of 460.8 g e. a. ha-1 of glyphosate.

Figure 6. Accumulation of soluble sugars in the root (a) and accumulation of starch in the aerial part and root (b) in Peltophorum dubium 
plants under simulated glyphosate drift. ** significant by t-test (p ≤ 0.01).

4. DISCUSSION

Peltophorum dubium plants showed sensitivity to 
glyphosate from 230.4 g e.a. ha⁻¹. At lower doses, they 
exhibited mild intoxication and signs of recovery over time. 
The main symptoms were chlorosis and necrosis, which 
intensified with higher doses and time after exposure. Doses 
above 230.4 g e.a. ha⁻¹ also caused leaf wrinkling, uneven 
development, abnormal sprouting, yellowing of the stem 
apex, and reduced height and stem diameter. According 
to Córdova et al. (2020), this dose is within the range of 
glyphosate underdoses that cause phytotoxicity up to 400 
m from the target area in rice crops. The authors observed 
death and reduced productivity in rice plants up to 150 m 
from the application site, with an estimated drift rate of 
268.8 g e. a. ha-1 of glyphosate, and symptoms of poisoning 
at distances between 200 and 400 m, with a drift rate of 
249.6 g e. a. ha-1 and 96 g e. a. ha-1 of glyphosate, respectively.

Symptoms such as chlorosis and necrosis have also been 
reported in plants exposed to glyphosate drift, including 
Amburana cearensis (Borges et al., 2021), Handroanthus 
chrysotrichus (Freitas-Silva et al., 2020), Pouteria torta 
(Rezende-Silva et al., 2019), Eucalyptus urophylla (Tuffi  antos 

et  al., 2006), and growth reduction in Theobroma cacao 
(Adu-Yeboah et al., 2023), Cedrela odorata (Pereira et al., 
2015), and Eucalyptus urograndis (Tuffi Santos et al., 2007).

The intoxication rate increased from 230.4 g e.a. ha⁻¹, 
accompanied by reduced dry mass in shoots and roots. This 
behavior has been observed in other species, such as Caryocar 
brasiliense Camb. (Silva et al., 2016), Genipa americana L. 
(Gusmão et al., 2011), Aspidosperma desmanthume (Rondon-
Neto et al., 2011) and Jatropha curcas (Costa et al., 2009).

The results regarding the increase in height and stem 
diameter reinforce the results observed in the intoxication 
and dry mass evaluations. Glyphosate interfered negatively 
in the growth of P. dubium plants. At 45 DAA, there was a 
difference in the height and stem diameter growth between 
the untreated control plants and the plants exposed to doses 
of more than 230.4 g e. a. ha-1 of glyphosate. The reduced 
growth at the 460.8 g e. a. ha-1 dose of glyphosate may be 
related to the severity of the damage caused by this dose 
and the time needed for recovery (Adu-Yeboah et al., 2023). 
Yamada & Castro (2007) similarly observed reduced growth 
of the aerial part and root in glyphosate-intoxicated plants.

The stress caused by the herbicide suggests that impaired 
metabolism interferes with the utilization of available energy 
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sources (Orcaray et al., 2012), reducing photosynthetic 
potential (Ferreira et al., 2015). Glyphosate blocks the shikimate 
pathway by inhibiting EPSPS enzyme, which negatively affects 
photosynthesis (Rezende-Silva et al., 2022). In this study, doses 
higher than 230.4 g a.e. ha-1 reduced photosynthetic rate (Pn), 
transpiration (E), and stomatal conductance (gs), confirming 
photosynthetic damage. The  reduction in photosynthetic 
rate may have been caused by stomatal limitation, evidenced 
by the decrease in stomatal conductance and transpiration 
values, since photosynthesis depends directly on the flow of 
CO2 into the cell and in turn, the flow of CO2 depends on 
stomatal opening (Messinger et al., 2006). CO2 absorption and 
H2O loss in plants occur through the stomata, and stomatal 
movement is essential for controlling gas exchange (Nascentes 
et al., 2018). The gas exchange control mechanism in plants 
allows stomata to open, which prevents water stress and, 
at the same time, maximizes carbon fixation by balancing CO2 
absorption and water loss through transpiration (Nascentes 
et al., 2018). Thus, stomatal closure directly impacts the rate 
of photosynthesis and transpiration.

Chlorophyll fluorescence parameters help assess stress by 
analyzing energy flow in the photosynthetic system (Strasserf 
et al., 1995; Lazár, 1999). Chlorophyll molecules are responsible 
for absorbing light energy, which can be used to maintain the 
leaf ’s photosynthetic activity, dissipated as heat or re-emitted 
as fluorescence. These three possible destinations for the 
energy provided by light compete with each other, and an 
increase in one is achieved due to a decrease in the others 
(Maxwell & Johnson, 2000).

The electron transport rate (ETR), another important 
parameter of chlorophyll fluorescence, reflects photosystem 
photochemical activity and is sensitive to environmental 
variation (Pimentel et al., 2011). The flow of electrons from 
photosystem II generally indicates the rate of photosynthesis 
and the occurrence of damage to photosystem II, constituting 
the first manifestation of stress in the plant leaf (Maxwell & 
Johnson, 2000). In this study, plants exposed to glyphosate drift 
did not show a reduction in ETR compared to control plants.

The absence of ETR reduction suggests that glyphosate 
did not inhibit EPSPS. This protein catalyzes the formation 
of 5-enolpyruvylshikimate-3-phosphate from shikimate-3-
phosphate and phosphoenolpyruvate. It, therefore, does not 
interrupt the synthesis of aromatic amino acids - phenylalanine, 
tyrosine, and tryptophan (Barker & Dayan, 2019). The amino 
acid tyrosine acts as a precursor of plastoquinone (Maeda 
& Dudareva, 2012), an important electron acceptor in the 
electron transport chain between photosystems II and I 
(Buchanan & Wolosiuk, 2017), and erythrose-4-phosphate 
(Maeda & Dudareva, 2012), an essential compound in the 
regeneration of ribulose-1,5-biphosphate in the Calvin-

Benson cycle (Buchanan & Wolosiuk, 2017), participate in 
the shikimate pathway.

Regarding biochemical parameters, P. dubium plants exposed 
to 460 g e.a. ha⁻¹ showed higher soluble sugar concentration 
in roots and starch accumulation in both shoots and roots, 
with greater accumulation in roots. 

Sugars produced by photosynthesis are transported 
via the phloem to non-photosynthetic tissues. Hence, 
the accumulation of sugars in the drain tissues discourages the 
rate of photosynthesis and the mobilization of carbohydrates 
(Taiz & Zeiger, 2013). Thus, reduced growth likely increased 
sugar and starch accumulation in glyphosate-treated plants. 
Yanniccari et al. (2012) note that, even with inhibited 
photosynthesis, glyphosate affects growing tissues, reducing 
photoassimilate demand and causing carbohydrate buildup. 
Conversely, larger starch reserves can aid recovery from 
intoxication (Tuffi Santos et al., 2004).

From the effects observed on the morphological, 
physiological, and biochemical parameters of P. dubium as 
a function of glyphosate sub doses, it can be seen that the 
species is sensitive to the herbicide, predominantly at doses 
above 230.4 g e. a. ha-1 of glyphosate, an amount compatible 
with the observed contamination by herbicide drift (Córdova 
et al., 2020). However, at doses of less than 230.4 g e. a. ha-1 of 
glyphosate, the symptoms of intoxication are barely perceptible, 
and this certain tolerance to glyphosate is important for the 
survival of the species since it is present in Cerrado areas 
subject to contamination by glyphosate via drift. 

The glyphosate doses used in this study, in simulated drift, 
did not lead to plant death, even at the highest dose tested, 
indicating some tolerance of P. dubium to the molecule. 
However, glyphosate negatively affects the growth variables and 
physiology of P. dubium plants, and this may be exacerbated 
by contact with higher doses of glyphosate.

Peltophorum dubium is suitable for restoring degraded 
areas (Carnevali et al., 2016) as well as producing timber in 
commercial plantations (Bertolini et al., 2015). In these areas, 
herbicides are necessary to control weeds and ensure better 
growing conditions for the species of interest. It is necessary 
to choose products that are selective for the species of interest 
in restoration or cultivation (Araújo et al., 2025; Oliveira et al., 
2024). Thus, the differential tolerance to glyphosate shown by the 
P. dubium is relevant, as it makes it safer to use this herbicide to 
control weeds in these areas under targeted application. On the 
other hand, the low sensitivity of the species to glyphosate 
makes it challenging to use it in biomonitoring, given that 
the doses via drift are low. Therefore, it is recommended to 
search for plant species that are more sensitive to low doses 
of glyphosate, especially in areas adjacent to agricultural 
production, where the use of glyphosate is more intense.
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5. CONCLUSIONS

Glyphosate drift on P. dubium causes changes in 
morphological, physiological, and biochemical parameters 
only at doses above 230.4 g e. a. ha-1 of glyphosate, impacting 
the initial growth of plants but not causing death.

Glyphosate drift presents a low risk of damaging P. 
dubium, and the tolerance of the species reveals its ability to 
survive in areas subject to contamination by the herbicide, 
as well as the possibility of using the product in plantations 
of Peltophorum dubium. However, the species’ low sensitivity 
to glyphosate makes it difficult to use it for biomonitoring 
environmental contamination by drift.
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