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ABSTRACT

Objective: The propose of this study was to investigate whether the species Copaifera
oblongifolia (Fabaceae) and Macairea radula (Melastomataceae), occurring in veredas with
different levels of drying, show differences in plant architecture (morphological traits) and
foliar compound levels (physiological characteristics). Methods: Sampling was conducted in
two veredas, which are Vereda da Almescla (preserved vereda) and Vereda do Peruacgu
(degraded vereda in an advanced drying stage) located in the northern region of Minas Gerais,
Brazil. Data on morphological traits (height, circumference above ground, and canopy width)
and foliar compounds (concentrations of chlorophyll, nitrogen, and flavonols) were collected
from 15 individuals of each species in each vereda. Results: The results showed that the
structural characteristics of the studied species did not differ between the analyzed veredas.
Similarly, foliar compounds did not exhibit significant differences in their concentrations
among the plants from the two veredas studied. Conclusion: These results suggest that the
water stress present in the veredas does not seem to influence the morphological characteristics
and foliar compounds of neotropical species. This is the first study evaluating the impacts of
vereda drying on morphological and physiological attributes of plants.
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RESUMO

Objetivo: investigar se as espécies Copaifera oblongifolia (Fabaceae) e Macairea
radula (Melastomataceae), ocorrendo em veredas com diferentes niveis de secamento,
apresentam diferencas na arquitetura das plantas (caracteristicas morfol6gicas) e nos niveis de
compostos foliares (caracteristicas fisioldgicas). Métodos: A amostragem foi realizada em duas
veredas, que sd@o Vereda da Almescla (vereda preservada) e Vereda do Peruacu (vereda
degradada em estagio avancado de secagem) localizadas na regido norte de Minas Gerais,
Brasil. Dados sobre caracteristicas morfoldgicas (altura, circunferéncia acima do solo e largura
da copa) e compostos foliares (concentracdes de clorofila, nitrogénio e flavonois) foram
coletados de 15 individuos de cada espécie em cada vereda. Resultados: Os resultados
mostraram que as caracteristicas estruturais das espécies estudadas ndo diferiram entre as
veredas analisadas. Da mesma forma, os compostos foliares ndo apresentaram diferencas
significativas em suas concentragdes entre as plantas das duas veredas estudadas. Concluséo:
Estes resultados sugerem que o estresse hidrico presente nas veredas nao parece influenciar as
caracteristicas morfologicas e compostos foliares das espécies neotropicais. Este € o primeiro
estudo que avalia os impactos da secagem da vereda nos atributos morfolégicos e fisiologicos
das plantas.

Palavras-chave: Antropizacdo; Palmeiras, Compostos vegetais; Parametros estruturais;
Estresse hidrico.

INTRODUCTION

Anthropogenic impacts can lead to alterations in natural ecosystems, which may even
be irreversible in environments with low restoration capacity!. These impacts result in
modifications to ecosystems, such as increased light and temperature levels, and decreased
water availability, making the habitat less favorable and causing environmental stress for
various species?. As an example of environmental stress, we can mention water stress, which
occurs through a reduction in soil water availability, causing damage to plants and potentially
affecting their growth and development?. Due to this water deficit, the plant undergoes changes
in its physiology and biochemistry, developing mechanisms to withstand and adapt to this
stress, such as osmotic adjustment, reduced productivity, smaller leaf production, and the
presence of trichomes®. Veredas are highly sensitive to environmental changes and have a slow
restoration process®. Due to this characteristic, when these vegetations are negatively impacted,

these areas undergo a drying-out process. These actions can alter water flow through intense
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drainage in the veredas, leading to shifts in soil moisture and plant species that grow there. As
these places transform from being wetlands to becoming drier, more open environments
resembling to savannas®.

The veredas constitute one of the physiognomies within the Cerrado biome. They are
characterized by herbaceous-shrub vegetation interspersed with scattered trees, typically
located near watercourses, with Mauritia flexuosa L.f. being the primary tree species defining
the vereda ecosystem’. Vereda soils are hydromorphic, clayey, and peat-rich, with high
concentrations of organic matter®®, resulting in a biodiverse ecosystem. They play important
ecological, hydrological, and social roles, such as maintaining water resources near veredas,
serving as ecological corridors for the protection of flora and fauna, and providing income for
small communities near these vegetations®®. In the northern region of Minas Gerais, vereda
areas are highly degraded due to various factors, including excessive water body drainage,
anthropogenic fires, agricultural and livestock use, and deforestation>!. Given the context of
hydrological stress that Brazilian veredas are facing, it is essential to understand the impacts
that this can have on the morphology and physiology of plants in these ecosystems.

Plants, when exposed to environmental conditions and stresses, tend to modify their
morphological and physiological characteristics in order to adapt to these stresses®?. Studies
have shown that plants can exhibit a range of variations in their functional traits, such as
changes in plant height, leaf area, biomass, leaf morphology and coloration, root morphology
and length, and reduced stem growth in response to light, water, and nutritional stresses*131°,
These adaptations aim to support stress levels and enable better water and nutrient absorption
for improved productivity and survival in these modified environments'4. Based on this, it is
expected that the hydrological stress may affect the fitness and development of plants, which
can impact their morphological attributes, such as size and circumference.

In addition to morphological attributes, leaf compounds play important roles in plants.
For example, phenolic compounds and the production of antioxidants act against oxidative
stress caused by exposure to UV rays, alkaloids have important photoprotective components in
their properties that help protect skin damage caused by UV radiation!®t’. Consequently,
variations in the concentration of certain compounds due to biotic or abiotic stress have been
reported as good indicators of stress'®1°. One example of such a compound is flavonols, which

belong to the flavonoid group of secondary metabolites and are found in plant parts such as
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flowers and leaves?’. When experiencing water stress conditions, some flavonols may play a
greater role in detoxifying free radicals?*. Chlorophylls are natural pigments found in the
chloroplasts of leaves, mainly in the region of the thylakoid membrane??. Under high irradiation
and reduced water availability, chlorophyll tends to decrease, and the photoprotection process
is activated through electron transfer to carotenoids to prevent damage to the photosynthetic
apparatus®®. Nitrogen is of great importance to plants as they require it in large quantities®*. It
is incorporated into carbon compounds such as amino acids, pigments, and lipids, participating
in various plant processes, with growth being the primary one?. Chlorophylls, being molecules
formed by porphyrin-derived complexes with magnesium at the central atom, bound to four
other nitrogen atoms, are related to nitrogen®*. Part of the foliar nitrogen is integrated into
chlorophyll molecules, so a decrease in nitrogen also leads to a decrease in chlorophyll. Thus,
variation in foliar compounds, such as flavonols and chlorophylls, is expected to occur among
plants exposed to different levels of water stress.

Several studies in different vegetation types have presented significant results regarding
these changes occurring in plants due to water stress. A soybean cultivation study showed that
when there was a reduction in water availability, plants from sprouting to flowering stages had
their height significantly affected?®. The same effect was observed in the study by Figueirda et
al.?’, where young individuals of the species Myracrodruon urundeuva exposed to a higher
water deficit treatment showed greater biomass allocation to root growth rather than aerial parts.
his occurs because the plant tends to prioritize water absorption, leading to the suppression of
foliar growth. Additionally, it was also observed that a prolonged period of severe drought
results in a reduction in the number of leaves and a decrease in chlorophyll content?”28, With
drought stress, plants tend to increase the production of reactive oxygen species (ROS), causing
the destruction of cell membranes and degradation of chloroplasts, resulting in the inhibition of
chlorophyll synthesis?®. These studies collectively highlight the impact of water stress on plant
morphology and physiology, underscoring the relevance of understanding such dynamics in
ecosystems like veredas facing dryness challenges. However, despite recent advancements in
assessing the impacts of vereda drying on plant diversity®, no previous study has evaluated
whether the hydrological stress of veredas affects the morphological and physiological

attributes of plants.
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Studies analyzing the functional traits of plants in contrasting habitats are of great
importance because they provide insights into how species survive in their typical habitats and
how these species may adapt in the face of drastic changes in future climate scenarios?. There
are few studies in the Neotropical region investigating the potential impacts of vereda
degradation on morphological and physiological modifications in plants, such as variations in
the concentration of plant compounds and plant structure. Thus, the objective the present study
was to investigate whether there are differences in the structural characteristics and foliar
compound concentrations of plants of veredas at different stages of drying, located in the
northern region of Minas Gerais, Brazil. We tested the hypothesis that drying of the veredas
makes the environment stressful, thereby promoting changes in plant physiology resulting in
alterations in the concentration of foliar compounds and plant functional traits. Thus, it is
expected that preserved vereda areas (i.e., with good water conditions) exhibit structurally more
complex plants with higher concentrations of chlorophyll, nitrogen, and flavonols, whereas
veredas in advanced stages of drying present fewer complex individuals with lower levels of

foliar compounds.

METHODS

Study area

The study was conducted in two vereda areas located within of sampling sites of the
Long-Term Ecological Research Program - Veredas project (PELD-VERE). The areas are
located in the municipalities of Januéaria, Bonito de Minas, and Conego Marinho, Minas Gerais,
Brazil. The region is located in the Brazilian semi-arid zone, one of the areas with the most
significant water deficit problems in the country. The climate in the region of these areas is
considered a tropical dry climate, classified as Aw according to the Képpen classification, with
well-defined rainy and dry seasons®’. The average annual precipitation ranges from 242 to 461
mm, with rainfall concentrated from September to March, and the average temperature varies
from 19°C to 26°C (FIG. 1). The studied region is situated within the Brazilian Cerrado biome,
where various vegetation types coexist, and veredas typically occur as oases amidst vast areas
of cerrado sensu stricto®. The areas are located at an altitude ranging from 800 to 900 meters

above sea level.
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Figure 1. Average temperature and total precipitation data for the two study areas cover the
years 2018-2021. A) Meteorological data from Vereda do Peruacgu; B) Meteorological data

from Vereda da Almescla. Data sourced from Nunes et al. (2022).

Study was performed in two vereda areas in the northern region of Minas Gerais (FIG.
2A). The first area, known as Vereda do Peruacu (14°59'58.2"S 44°42'40.2"W), is located
within the Veredas do Peruacu State Park, spanning the municipalities of Januaria and Cénego
Marinho. In this vereda, there was a significant drop in the water table and advanced soil drying,
resulting in a degraded appearance (FIG. 2B). This degradation is evidenced by the high
mortality of Mauritia flexuosa palms (buritis) and the invasion of cerrado sensu stricto plants
within the vereda. These changes are attributed to factors such as climate change and
anthropogenic activities, including disturbed soils, pastures, and wildfires®. Due to these
characteristics, the Vereda do Peruacu exhibits a high level of environmental stress. The second
area, known as Vereda da Almescla (15°21'30.8"S 44°54'39.7"W), is located within the Rio

Pandeiros Environmental Protection Area, in the municipality of Bonito de Minas®2. The study
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site features a relatively well-preserved vereda environment with a low level of drying and the
presence of above-ground water in some areas, categorizing this vereda as having a low
environmental stress level (FIG. 2C). Each vereda studied encompasses an area of
approximately 6 kilometers.

Peruacu () Almescla .

T T p—
49°24W 145°36'W 41°48W __ ==

I~ 15°36'S

STATE OF
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Belo Horizonte
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Figure 2. Characterization of the two veredas studied in the northern region of Minas Gerais,
Brazil. A) Location of Vereda da Almescla and Vereda do Peruagu; B) general aspect of Vereda
do Peruacu in an advanced stage of drying (degraded vereda) characterized by the advance of
cerrado sensu stricto vegetation into the vereda and the high mortality of buriti palms due to
advanced drying; and C) general aspect of Vereda da Almescla (preserved vereda), which

features typical vereda vegetation with surrounding grassland and healthy buriti palms.

Studied plant species

For the study, two abundant plant species commonly found in both study areas were
selected. The first species is Copaifera oblongifolia Mart. Ex Hayne, belonging to the Fabaceae
family, which is a shrub commonly known as “pau d’6linho” and is found in the North,
Northeast, Central-West, and Southeast regions of Brazil, as well as in the Amazon and Cerrado
biomes®. In the study areas, C. oblongifolia occurs in the vicinity of the veredas in cerrado
sensu stricto vegetation zones. The species is characterized by branched individuals with a

height of 2 to 3 meters, featuring sessile flowers, fruits, and seeds with orange aril coloration®3,
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The other species is Macairea radula (Bonpl.) DC., belonging to the Melastomataceae family.
This shrub is distributed in the North, Northeast, Central-West, and Southeast regions of Brazil,
as well as in the Amazon, Caatinga, Cerrado, and Atlantic Forest biomes. The species is
typically associated with moist soils and occurs on the edges and within the veredas. In the
study areas, M. radula individuals were found on the vereda's edge in a region with more humid
soil. This species is characterized by branched individuals with a height of approximately 2
meters, featuring purple, lilac, or pink-colored flowers, fruits, and seed®*. Thus, the two studied
species occur in different vegetation zones (on the vereda's edge and in the adjacent cerrado).

Sampling

In each vereda, a total of 15 individuals of C. oblongifolia and 15 individuals of M.
radula were sampled in the morning and afternoon, resulting in a total of 30 individuals for
each species. For each individual, using a measuring tape and a tape measure, the following
morphological traits were measured: height (meters), circumference at breast height (CBH)
(centimeters), and canopy width (meters). For the sampling of foliar compounds in the plants,
readings were conducted using the Dualex device, which is an optical sensor developed by
Force-A for measuring the content of flavonols?* and chlorophylls?? (ug/cm?) in the leaf
epidermis. Additionally, the same was performed to access the Nitrogen Balance Index (NBI),
which assesses leaf nitrogen conditions through the calculation of the ratio between chlorophyll
and flavonols related to nitrogen/carbon allocation. All measurements were taken within the
same time window (May 2021). The measurements were taken directly on the plant leaves in
the field. Therefore, the architectural and compound data were collected in the field without the

need to collect fragments from the individuals.

Data analyses

To compare the morphological traits (height, circumference at breast height, and canopy
width) and foliar compounds (flavonols, chlorophylls, and nitrogen) of each plant species
between the Vereda da Almescla (preserved vereda) and Vereda do Peruacu (degraded vereda),
we used Generalized Linear Models (GLM’s) followed by ANOVA. The choice of GLM allows
for the comparison of multiple morphological and foliar variables between areas with different

conservation statuses, accommodating different data types and controlling for confounding
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variables. In all models, the vereda (Verada da Almescla vs. Vereda do Peruagu) was included
as a response variable. We checked the error distribution of the data and used a Poisson
distribution for the morphological trait variables and a Gaussian distribution for the
measurements of foliar compounds. Additionally, Spearman correlation tests were conducted
to assess the correlation between foliar compounds for each plant species. For all analyses the
significance level considered in the tests was a < 0.05. All analyses were performed using R

software version 4.1.1%°,

RESULTS

The height of C. oblongifolia individuals ranged from 1.33 to 5.50 meters (mean: 2.37
+ 0.91), while M. radula individuals ranged from 1.35 to 3.70 meters (mean: 2.08 + 0.54).
Circumference at breast height varied from 1.39 to 19.74 centimeters (10.12 + 5.28) in C.
oblongifolia individuals and from 3.20 to 23.44 centimeters (12.04 = 4.32) in M. radula
individuals. Canopy width ranged from 1.10 to 5.86 meters (3.34 + 3.53) in C. oblongifolia and
from 1.10 to 4.79 meters (1.91 + 0.80) in M. radula. Comparing the analyzed structural
variables (plant height, CAP, and canopy width), no significant differences were observed

among individuals of each species in the two veredas (Tab. 1).

Table 1. Results of the models (GLM’s) to compare the morphological characteristics of
individuals of the species Copaifera oblongifolia and Macairea radula between Vereda da
Almescla (preserved vereda) and Vereda do Peruacgu (degraded vereda), North of Minas, Brazil.
Sum Sg: Sum of squares; Mean Sqg: Mean square; F: F value; CBH: Circumference at breast
height.

Vereda da Vereda do
: Response Almescla Peruacu Sum  Mean
Plant species variables (preserved (degraded Sq sq F P value
vereda) vereda)
Height (m) 2.21£0.77 2.54 +£1.03 0.83 0.830 1.006 0.324
Copaifera CBH (cm) 11.50 +5.35 8.74+£500 5740 57.400 2137 0.155
oblongifolia Canopy Width 3.96 £4.79 272+141 1160 11.610 0.932 0.343
(m)
Height (m) 2.08 £ 0.66 2.18+£056 0.068 0.068 0.182 0.673
Macairea CBH (cm) 12.30+4.72 11.78+4.03 201 1975 0.103 0.751
radula Canopy Width 2.03+0.90 180+0.68 0.388 0.388 0.605 0.443
(m)
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Among the sampled foliar compounds, only chlorophyll and nitrogen were positively
correlated for both C. oblongifolia individuals (Rspearman = 0.90; p < 0.05) and M. radula
(Rspearman = 0.87; p < 0.05). Regarding the analyzed leaf compounds, the environmental
condition of the veredas did not influence the concentration of chlorophylls, flavonols, and
foliar nitrogen in individuals of C. oblongifolia (Tab. 2). Similarly, no differences were
observed in the concentrations of foliar compounds of the plant M. radula between the
preserved and degraded veredas.

Table 2. Results of the models (GLM’s) to test the concentration of leaf compounds in the
species Copaifera oblongifolia and Macairea radula between Vereda da Almescla (preserved
vereda) and Vereda do Peruacu (degraded vereda), North of Minas, Brazil. Sum. Sq.: Sum of
squares; Mean Sqg: Mean square; F: F value.

Vereda da Vereda do
Plant Response variables Almescla Peruacu Sum  Mean = P
species (preserved (degraded Sq Sq value
vereda) vereda)

Chlorophylls (ug/lcm?)  39.60 +4.60  40.63 +4.98 7.9 7.874 0.343 0.563
Copaifera Flavonoids (ug/cm?) 1.44 +0.07 1.42 +0.06 0.0 0.002 0.641 0.430
oblongifolia . 27.91+392 28.88+4.15 7.1 7.083 0.434 0.515

Nitrogen (ng/cm?)

Chlorophylls (ug/lcm?)  38.95+5.69  35.45+4.18 86.5 86.540 3.471 0.073
Macairea Flavonoids (ug/cm?) 1.46 £0.17 1.37 £0.15 0.2 0.191 1178 0.287
radula . 29.13+6.74  26.64 + 4.66 19.4 19.360 0.548 0.465

Nitrogen (ug/cm?)

DISCUSSION

The results indicate that the parameters of plant structure were not influenced by the
level of vereda drying. The same pattern appears to occur in the concentration of foliar
compounds, as no significant variation was found between plants in the preserved vereda and
the vereda in an advanced stage of drying for both analyzed species. Previous studies have
suggested structural differences among vereda plants under different levels of environmental
disturbance®*®’. For instance, Guimardes et al.3” demonstrated that plants located in the
preserved slope of the vereda had a higher average height compared to plants in the anthropized
slope. The main explanation provided by the authors is the greater cattle grazing in anthropized

areas, leading to vegetation removal. In the present study, no structural differences related to
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height, circumference at breast height, and canopy width were observed among plants in
veredas under different water conditions. One possible explanation for this is that the analyzed
plants exhibit significant intraspecific variation, with individuals showing substantial structural
variation within the population.

In the present study, the concentration of foliar compounds did not differ between C.
oblongifolia and M. radula plants. It is expected that, in response to water stress, the
concentration of chlorophyll tends to decrease because this pigment decreases to allow
carotenoids to assist in protecting the photosynthetic apparatus®. Since there is a high
correlation between foliar nitrogen and photosynthetic pigments, as nitrogen is incorporated
into the chlorophyll molecule®, a decrease in nitrogen concentration should also occur.
However, this pattern was not found in our study, as there was no difference in the amount of
nitrogen and chlorophyll in individuals of the species between the veredas.

We believe that this result may be due to the it may be due to off-season rainfall in the
degraded vereda. With this event, there was an increase in water availability, allowing plants
to absorb water and nutrients, and consequently, not affecting physiological processes. Thus,
with this environmental factor occurring, the levels of nitrogen and chlorophyll in individuals
from the modified vereda may be similar to those in individuals from the preserved vereda.
Therefore, the factor of rainfall in the modified vereda environment reduces water stress, thus
causing no damage to photosynthetic processes.

Previous studies suggest that plants tend to decrease the levels of flavonols in response
to water stress because the presence of this stress leads to a reduction in the enzymes of the
shikimic acid and phenylpropanoid pathways, which in turn affects the production of certain
flavonols?2. However, this pattern was not supported in the present study, as there was also no
difference in flavonol levels between the veredas. Since there was no change in chlorophyll
concentration in either vereda, which would result in alterations in photosynthetic processes,
plants do not need to accumulate flavonols to act in the photoprotection of photosynthetic
processes.

The results of this study provide critical insights into the conservation of veredas,
indicating that plant structure parameters and foliar compound concentrations were not
influenced by the level of vereda drying. While previous studies have shown structural

differences in plants under varying environmental disturbances, no significant differences were
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found between plants from preserved and degraded veredas. These findings suggest that short-
term water availability fluctuations, such as recent rainfall, can significantly influence
physiological responses to stress, highlighting the importance of considering temporal

environmental factors in plant stress response studies and conservation strategies for veredas.

CONCLUSION

In this study, the structural characteristics (plant height, circumference at breast height,
and canopy width) and foliar compounds (chlorophyll, nitrogen, and flavonols) of the species
C. oblongifolia and M. radula did not differ between the veredas with different levels of drying.
These results suggest that the water stress present in the areas was alleviated by the rainfall that
occurred in the month prior to the collection, affecting our measurements in both species.
Therefore, we suggest conducting studies at the site during other times of the year or new
studies with different analytical approaches (e.g., histochemical and laboratory photochemical
analyses), in other locations (e.g., other veredas with different levels of drying), or even with

different plant species to determine if this pattern is repeated in other systems.

ACKNOWLEDGMENTS

The authors would like to thank their colleagues from the Laboratorio de Interagcdes
Ecolodgicas e Biodiversidade — LIEB for their fieldwork assistance, and the Instituto Estadual
de Florestas — IEF team for the collection permit and support in field activities. This research
is a product of the PELD-VERE project (CNPq 441440/2016-9; 441583/2020-2; 308877/2019-
5). Our research also was financed by FAPEMIG (APQ-00394-18, APQ-03236-22) and CNPq
(423915/2018-5; 308928/2022-9) grants, and supported by research networks of UNIMONTES
(FAPEMIG APQ-03249-22) and RESE (FAPEMIG RED-00039-23).

REFERENCES
1. Shimamoto CY, Padial AA, da Rosa CM, Marques MCM. Restoration of ecosystem
services in tropical forests: A global meta-analysis. Plos One. 2018; 13(12):1-16.

Unimontes Cientifica, Montes Claros (MG), Brasil, v. 26, n. 2, p. 1-16, jul/dez. 2024 12



Revista Unimontes Cientifica

2. Laurance WF, Nascimento HEM, Laurance SG, Andrade A, Ewers RM et al. Habitat
Fragmentation, Variable Edge Effects, and the Landscape-Divergence Hypothesis. Plos
One. 2007; 2(10):10-17.

3. Adil S, Quraishi A. A brief overview of plant abiotic stresses. NewBioWorld. 2023;
5(1):31-36.

4. Campos AJM, Santos SM, Nacarath IRFF. Water stress in plants: a review. Res Soc
Dev. 2021; 10(15):311101523155.

5. Nunes YRFN, Souza CS, Azevedo IFP, Oliveira OS, Frazdo LA et al. Vegetation
structure and edaphic factors in veredas reflect diferent conservation status in these
threatened areas. For Ecosyst. 2022; 9:100036.

6. Gongalves RVS, Cardoso JCF, Oliveira PE, Oliveira DC.Changes in the Cerrado
vegetation structure: insights from more than three decades of ecological succession.
Web Ecol. 2021; 21(1):55-64.

7. Santos EV, Guilherme FAG, Barbosa GRB, Carneiro SES. Morfopedologia,
Composicao Floristica e Fitossociologia em uma vereda no sudoeste de Goias.
RevGeoamb. 2018; 31:137-159.

8. Bijos NR, da Silva DP, Munhoz, CBR. Soil texture and fertility determine the beta
diversity of plant species in veredas in Central Brazil. Plant Soil. 2023; 492:241-259.

9. Nogueira EV, Bijos, NR, Trindade, VL, Heusi GP, Togni PHB et al. Differences in soil
properties influence floristic changes in the Veredas of the Brazilian Cerrado. Braz. J.
Bot. 2022; 45:763-774.

10. Bahia TDO, Luz GR, Veloso MDM, Nunes YRF, Neves WV et al. Veredas na APA do
Rio Pandeiros: importancia, impactos ambientais e perspectivas. Revista Biota MG.
2009; 2(3):4-13.

11. Borges MG, Nunes YRF, Leite ME. Veredas do Norte de Minas Gerais: Identificacédo e
caracterizacdo por meio do sensoriamento remoto. Geonordeste. 2021; 1:44-59.

12. Duranova H, Simora V, DuriSova I, Olexikova L, Kovar M et al. Modifications in
Ultrastructural Characteristics and Redox Status of Plants under Environmental Stress:
A Review. Plants. 2023; 12(1666):1-34.

Unimontes Cientifica, Montes Claros (MG), Brasil, v. 26, n. 2, p. 1-16, jul/dez. 2024 13



Revista Unimontes Cientifica

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Freschet GT, Violle C, Bouger MY, Scherer-Lorenzen M, Fort F. Allocation,
morphology, physiology, architecture: the multiple facets of plant above- and below-
ground responses to resource stress. New Phytol. 2018; 219(4):1338-1352.

Zang U, Goisser M, Meyer N, Haberler K, Borker. Chemical and morphological
response of beech saplings (Fagus sylvatica L.) to an experimental soil drought
gradiente. For Ecol Manag. 2021; 498:1-11.

Mareri L, Parrotta L, Cai G. Environmental Stress and Plants. Int. J. Mol. Sci. 2022;
23(5416):1-9.

Torres-Contreras AM, Garcia-Baeza G, Vidal-Limon H, Balderas-Renteria I, Ramirez-
Cabrera MA et al. Plant Secondary Metabolites against Skin Photodamage: Mexican
Plants, a Potential Source of UV-Radiation Protectant Molecules. Plants. 2022; 11(2):1-
25.

del Socorro Sanchez Correa M, el Rocio Reyero Saavedra M, Antonio Estrella Parra E,
Nolasco Ontiveros E, del Carmen Benitez Flores, J. Ultraviolet Radiation and Its Effects
on Plants. IntechOpen. 2023; 1:1-23.

Suman S, Bagal D, Jain D, Singh. Biotic stresses on plants: reactive oxygen species
generation and antioxidant mechanism. In: Frontiers in Plant-Soil Interaction. Editora
Academic Press, 2021. pp.381-411.

Rana B, Chahal K. Phenolic Compounds Under Stress. In: Plant Metabolites under
Environmental Stress. Editora Apple Academic Press eBooks. 2023. pp 203-218.
Murtaza M, Tajammal A, Ashfag MH, Mirza W, Nazir A et al. A Short Review on
Synthetic Methodologies of Flavonoids. AJPTech. 2022; 12(1):53-2.
Sanchez-Rodriguez E, Moreno DA, Ferreres F, Rubio-Wilhelmi MDM, Ruiz JM.
Differential responses of five cherry tomato varieties to water stress: changes on
phenolic metabolites and related enzymes. Phytochemistry. 2011; 72:723-729

Singh AK, Rana HK, Pandey AK. Analysis of chlorophylls. In: Recent Advances in
Natural Products Analysis. Editora Elsevier, 2020. 635 p.

Lacerda VO, Mapeli AM. Efeitos da sazonalidade sobre a fenologia e a fisiologia de
Parkia platycephala Benth (Fabaceae, Caesalpinioideae) em area de Cerrado. Cienc.
Rural, v. 31, n. 3, p. 1344-1363, 2021; 31(3):1344-1363.

Unimontes Cientifica, Montes Claros (MG), Brasil, v. 26, n. 2, p. 1-16, jul/dez. 2024 14



Revista Unimontes Cientifica

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Taiz L, Zeiger E. Fisiologia e Desenvolvimento Vegetal. 6th. ed. Porto Alegre, Artmed,
2017. 858 p.

Mendes RMS, Lucena EMP, Medeiros JBLP. Principios de Fisiologia Vegetal. 2nd. ed.
Fortaleza, EQUECE, 2015. 216 p.

Maracahipes L, Carlucci M.B, Lenza E, Marimon BS, Marimon BH et al. How to live
in contrasting habitats? Acquisitive and conservative strategies emerge at inter- and
intraspecific levels in savanna and forest woody plants. Plant Ecol Evol Syst. 2018;
34:17-25.

Brito LPS, Santana FS, Carvalho GS, Chaves DV. Performance of soybean plants
subject to water deficit in different development stages. Sci. Agrar. Parana. 2020;
19(4):374-379.

Figueirba JM de, Barbosa DC de A, Simabukuro EA. Crescimento de plantas jovens de
Myracrodruon urundeuva Allemdo (Anacardiaceae) sob diferentes regimes hidricos.
Acta Bot Bras. 2004;18(3):573-580.

Chen J, Zhao X, Zhang Y, LiY, Luo Y et al. Effects of Drought and Rehydration on the
Physiological Responses of Artemisia halodendron. Water. 2019;11(793)1-23.

Alvares CA, Stape JL, Sentelhas PC, Goncgalves JLM, Sparovek G lvares, Clayton
Alcarde et al. Koppen’s climate classification map for Brazil. Meteorol Z. 2013; 22:711-
728.

Ribeiro JF, Walter BMT. As principais fitofisionomias do bioma Cerrado. In: Cerrado:
ecologia e flora. Brasilia: Editora Embrapa Cerrados, 2008.

Avila MA, Mota NM, Souza SR, Santos RM, Nunes YRF. Diversity and structure of
natural regeneration in swamp forests in Southeastern Brazil. Floram. 2021; 28(1):1-7.
Costa JAS. Copaifera in Flora e Funga do Brasil. Jardim Botanico de Rio de Janeiro.
Disponivel em: https://floradobrasil.jbrj.gov.br/FB82968. Acesso em: 29 Sep. 2023.

Silva DN, Rocha MJR. Macairea in Flora e Funga do Brasil. Jardim Botanico de Rio

de Janeiro. Disponivel em: https://floradobrasil.jbrj.gov.br/FB19634. Acesso em: 29
Sep. 2023.

R Core Team. R: A Language and Environment for Statistical Computing. Vienna, R

Foundation for Statistical Computing, 2022.

Unimontes Cientifica, Montes Claros (MG), Brasil, v. 26, n. 2, p. 1-16, jul/dez. 2024 15



Revista Unimontes Cientifica

36. Avila MA, Souza SR, Veloso MDM, Santos RM, Fernandes LA et al. Structure of
natural regeneration in relation to soil properties and disturbance in two swamp forests.
Cerne. 2016; 22(1):1-10.

37. Guimaraes AJM, Aratjo GM, Corréa GF. Estrutura fitossociol6gica em area natural e
antropizada de uma vereda em Uberlandia, MG. Acta Bot. Bras. 2002; 16(3): 317-329.

38. Santos PLF, Castilho RMM, Gazola RPD. Photosynthetic pigments and its correlation
with nitrogen and magnesium leaf in bermudagrass cultivated in substrates. Acta
Iguazu. 2019; 8(1):92-101.

Unimontes Cientifica, Montes Claros (MG), Brasil, v. 26, n. 2, p. 1-16, jul/dez. 2024 16



