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Abstract
In the Cerrado, the sequential chaining of phenological events during the dry season is a pattern observed 
in many plant species. In this season, many plants completely lose their leaves, and soon after deciduous, 
there is an expressive production of leaf buds. In this study, we investigated the effect of irrigation and 
early defoliation on the triggering of leaf budding of the deciduous species Peixotoa tomentosa A.Juss. 
in the dry season of a seasonal environment with water restrictions. Therefore, we set up an experiment 
with three groups of plants: control (n = 15), irrigation treatment (n = 15), and removal treatment (n = 
15), and after the complete deciduousness of the plants, we carried out phenological monitoring of the 
development of leaf buds in these plants. From July to August 2022, the leaf budding phenology of the 
45 individuals was evaluated twice a week. To test whether there is a difference in the number of leaf 
buds between treatments, we built generalized linear mixed models (GLMMs). Plants in the removal 
treatment had a statistically higher number of leaf buds produced than the plants in the irrigation and 
control groups (P < 0.05). However, the control group and the irrigation treatment did not differ from 
each other (P > 0.05). We showed that early defoliation influenced the triggering of leaf buds in P. tomen-
tosa, increasing the production of young leaves in their individuals in a seasonal environment with water 
restrictions. Irrigation was not able to break the dormancy of leaf buds. Our findings contribute to a 
better understanding of the triggering of vegetative phenophases in deciduous Cerrado plants, showing 
that leaf fall may play a more important role than rain in the production of leaf buds in the dry season.
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Introduction

In the Cerrado, the sequential chaining of phenological events during the dry sea-
son is a pattern observed in many plant species (Pereira et al. 2022). In this season, 
many plants completely lose their leaves, and soon after deciduous, there is an ex-
pressive production of leaf buds (Araújo and Haridasan 2007; Pereira et al. 2022).

Water stress is an important physiological trigger for leaf abscission (Kikuzawa 
1991). The decrease in the amount of water in the more superficial layers of the 
soil, at the beginning of the dry season, has been associated with leaf fall due to 
the decline in water potential, which would induce this phenophase (Santos et al. 
2021). With reduced precipitation and humidity, leaf fall can help conserve water, 
preventing the plant’s vital activities from being compromised in the dry season 
(Goldstein et al. 2008). Thus, as a result of leaf fall, rehydration promotes adjust-
ments in plant water demand and supply, which are regulated by reducing leaf area, 
transpiration, increasing root system depth, and internal water reservoir (Scholz et 
al. 2002), which guarantees the subsequent opening of leaf buds and flower buds 
(Pereira et al. 2022).

Leaf bud production is linked to a wide range of adaptive responses to seasonal 
stresses (Pereira et al. 2022). The development of young leaves in the dry season 
minimizes photosynthetic losses in this period of low light, showing higher efficien-
cy at the beginning of the rainy season of high light, when mature leaves will have 
their photosynthetic apparatus developed, providing the energy needed for the sub-
sequent peak flowering and fruiting (Goldstein et al. 2008). In addition, predation 
on young leaves is lower due to adverse conditions for insect populations (Murali 
and Sukumar 1993), which may increase the chances of leaf development due to the 
lower abundance of chewing insects at this time (Silva et al. 2020).

Knowledge of seasonal plant variations has been considered essential for the 
study of the ecology and evolution of the Cerrado and for understanding the spatio-
temporal organization of available resources (Pereira et al. 2022). In the tropics, cli-
mate change has been causing variations in the intensity of abiotic factors (for exam-
ple, changes in the amount of rainfall, Mendoza et al. 2017), changing the seasonal 
rhythms of species by affecting the sequential triggering of phenological events and, 
consequently, the plant development (Vilela et al. 2017) and community dynamics 
(Fourcade et al. 2021). Thus, the investigation of the vegetative phenology of Cerrado 
deciduous plants helps us to better understand how these abiotic events interfere with 
the development of typical plants in tropical communities subjected to seasonality.

In this study, we investigated the effect of irrigation and early defoliation on the 
triggering of leaf budding of the deciduous species Peixotoa tomentosa A.Juss. in the 
dry season amidst a seasonal environment with water restrictions. We tested the fol-
lowing hypotheses: (i) The irrigation of plants in the water deficit period increases 
the production of leaf buds; and (ii) The early removal of senescent leaves acceler-
ates the production of leaf buds. In light of these hypotheses, we made the following 
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predictions: (i) Irrigation reduces water stress and serves as a stimulus to break the 
dormancy of leaf buds; (ii) Early leaf removal promotes the rehydration of branches 
due to reduced transpiration and a reallocation of nutrients that are transferred to 
the growth of young leaves. To test the hypotheses above, we set up an experiment 
with three groups of plants: control, irrigation treatment, and removal treatment, 
and after the complete deciduity of the plants, we carried out the phenological mon-
itoring of the development of leaf buds in these plants.

Methods

Study site

The study was carried out in the municipality of Congonhas, Minas Gerais, south-
eastern Brazil (Fig. 1). The study area has approximately 10 ha and is located at the 
geographic coordinates of 20°32'16"S and 43°48'30"W, with altitude of approximate-
ly 950 m (Personal observation). The vegetation is classified as Cerrado Típico, a 
subdivision of the Cerrado sensu stricto (Fig. 2A), with a tree cover of 20 to 50% and 
trees with an average height of 3 to 6 m (Ribeiro and Walter 2008). The soil in this 
area is deep and classified as red latosol (Ribeiro and Walter 2008, see Fig. 2B), and 
the climate is subtropical in altitude (Cwb) according to the Köppen classification, 
with dry winters between May and September and mild summers between October 
and April (Alvares et al. 2013).

Figure 1. Map of the geographic location of the study area in Congonhas, Minas Gerais, Brazil. The 
boundaries of Brazilian phytogeographic domains were adapted from shapefiles available from the 
Instituto Brasileiro de Geografia e Estatística (2022), from the global ecoregions of Dinerstein et al. 
(2017), and from the map of vegetations on rocky outcrops of the Cerrado domain by Newton Bar-
bosa. Map design: Cássio Cardoso Pereira.
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Study system

P. tomentosa is a shrub species of the Malpighiaceae family, reaching up to 3 m in 
height (Fig. 2C). The leaves have tomentose indument on both sides. It has a pair of 
extrafloral nectaries at the base of the leaf blade on the abaxial surface (Pereira et al. 
2020). Its flowers are yellow and have ten elaiophores at the base of five sepals, dis-
tributed in pairs. The petals are unguiculated and fimbriate, and the dorsal banner 
petal is smaller and thicker. The flowers produce up to four-winged samara seeds 
(Mamede 1987). This species is classified as brevideciduous, losing all its leaves in 
the dry season for a period of up to 21 days (Pereira et al. 2022).

Data sampling

Leaf budding

Before the experiment, we marked 45 plants in May 2022 and divided them into 3 
groups, the control group (n = 15), removal treatment (n = 15) and irrigation treat-
ment (n = 15). We randomly marked mature individuals with an average height of 
1.5 m, separated by a minimum distance of 10 m between them, to avoid possible 
sampling of leaf buds from the same individual. All individuals were marked with 
biodegradable tape, and the chosen area was close to a water source, necessary for 
one of the treatments.

At the end of June, when we observed that the leaves of the individuals were start-
ing to fall, the plants of the removal treatment had all the leaves manually removed 
early. In the irrigation treatment, the individuals were watered with a watering can at 
regular intervals of five days, with approximately 2.5 L of water, between July 4th (after 
the plants lost their leaves and before the beginning of leaf budding) and August 23th 
(the last week of the experiment). The amount of water used did not soak the soil. We 
chose to use a smaller volume of water, as the excess could hinder the oxygenation of 
the roots, rotting them and harming the development of the plants.

Figure 2. A Overview of the Cerrado Típico, a subdivision of the Cerrado sensu stricto phytophysiog-
nomy that occurs in the study area. B Exposed soil by the action of termites and armadillos, evidenc-
ing the red latosol under the study area. C Peixotoa tomentosa A.Juss. shrub marked with biodegrad-
able tape. Photo credits: Cássio Cardoso Pereira.
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From July 4th to August 25th, the phenology of the 45 individuals was evaluated 
twice a week. To assess leaf budding, we counted all leaf buds of all individuals in this 
period. Finally, we collected daily precipitation data at the Instituto Nacional de Mete-
orologia (2022), from July 1st to August 25th, to cover the entire experiment period, at 
the Ouro Branco automatic station, which is approximately 8 km from the study area.

Soil collection

To verify if the irrigation treatment provided a different environmental condition 
for the plants, a soil collection was carried out on August 12 (four days after the 
plants were watered this week). On that date, 15 soil samples were collected close 
to the root of individuals from the irrigation treatment and the control treatment.

Sampling was performed with PVC tubes, approximately 4.5 cm in diameter, 
which penetrated about 20 cm into the soil. After removal from the soil, the samples 
were transferred to paper bags and taken to the laboratory for verification of the 
wet weight, with the aid of a precision digital balance. After weighing, the samples 
were placed in an oven for 48h at approximately 70 °C and then weighed to verify 
the dry weight.

Data analysis

To evaluate the behavior of the population at each phenological follow-up date, we 
constructed time series plots with the mean of leaf buds of all 15 individuals for each 
of the 12 evaluated dates (Table 1).

To test whether there is a difference in the mean number of leaf buds between 
treatments, we built generalized linear mixed models (GLMMs). The mean values 
of the number of leaf buds of the 15 individuals of each treatment were calculated 
along with the eight phenological observation dates (Table 2). In this way, differences 
between the mean values of the number of leaf buds of the individuals of each treat-
ment were tested, using the mean number of lead buds per individual as dependent 
variables, each treatment as the fixed factor, and individual plants as random factors. 
Error distribution was checked through restricted maximum likelihood (REML). 
Treatment means were compared using a post hoc Tukey test (α = 0.05).

The estimation of the relative water content (RWC) of each soil sample was made 
according to the formula: RWC = (Ww-Dw)/Ww × 100, where Ww = wet weight and 
Dw = dry weight (Table 3). The average values of the relative water content (RWC) 
of the 15 samples of the control soil and the irrigated soil were calculated and, to test 
if there was a difference between the treatments, we built generalized linear mixed 
models (GLMMs). For this, we considered the values of the relative water content 
(RWC) of the individuals as dependent variables, each treatment as a fixed factor, 
and individual plants as random factors. Error distribution was checked through 
restricted maximum likelihood (REML). All analyzes were performed using the 
“lme4” package (Bates et al. 2011) in the R software (R Core Team 2021).
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Table 1. Time series data showing the number and mean (± SE) of leaf buds found in each of the 12 
phenological monitoring dates for the 15 individuals of Peixotoa tomentosa A.Juss. in the control, ir-
rigation, and removal treatments. SE = Standard Error.

Treatments Phenology 
Dates

Plant Individuals Mean of Leaf 
Buds

SE
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Control Jul 18th 2 3 7 6 5 7 2 7 3 6 4 7 7 7 3 5.07 0.52
Control Jul 21th 4 5 6 6 7 7 5 6 8 5 4 8 7 6 7 6.07 0.33
Control Jul 25th 3 5 5 7 8 6 6 5 7 5 5 7 5 4 10 5.87 0.45
Control Jul 28th 4 5 5 8 7 4 8 5 8 7 7 7 7 6 8 6.40 0.38
Control Aug 1st 3 4 6 6 8 5 5 6 7 5 5 6 5 6 5 5.47 0.31
Control Aug 4th 4 4 4 6 6 6 6 6 7 5 5 8 5 4 5 5.40 0.31
Control Aug 8th 2 4 2 4 5 5 5 6 4 5 3 4 6 5 5 4.33 0.32
Control Aug 11th 2 2 2 2 3 3 3 1 5 0 2 2 3 2 4 2.40 0.31
Control Aug 15th 1 2 2 0 1 1 1 0 2 0 4 1 3 1 3 1.47 0.31
Control Aug 18th 0 0 2 0 0 0 0 0 0 0 2 1 1 0 2 0.53 0.22
Control Aug 22th 0 0 2 0 0 0 0 0 0 0 1 1 1 1 1 0.47 0.17
Control Aug 25th 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.00 0.00
Irrigation Jul 18th 5 7 2 7 3 7 2 7 3 6 7 3 5 7 2 4.87 0.55
Irrigation Jul 21th 7 7 5 6 8 6 5 6 8 6 7 7 7 7 5 6.47 0.26
Irrigation Jul 25th 8 6 6 5 9 7 6 5 11 5 5 5 8 6 6 6.53 0.46
Irrigation Jul 28th 7 8 5 5 8 6 8 5 8 5 6 8 8 8 8 6.87 0.35
Irrigation Aug 1st 5 5 5 6 7 5 5 6 7 4 5 5 6 5 5 5.40 0.21
Irrigation Aug 4th 6 7 6 6 7 6 6 6 7 4 6 5 6 6 6 6.00 0.20
Irrigation Aug 8th 5 5 5 6 7 5 5 6 4 4 4 5 5 5 5 5.07 0.21
Irrigation Aug 11th 3 3 3 1 2 3 3 1 4 2 6 4 3 3 3 2.93 0.32
Irrigation Aug 15th 1 1 1 0 2 1 1 2 2 2 3 3 1 1 1 1.47 0.22
Irrigation Aug 18th 0 0 0 0 0 2 0 0 0 0 1 2 0 0 0 0.33 0.19
Irrigation Aug 22th 2 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0.27 0.15
Irrigation Aug 25th 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.00 0.00
Removal Jul 18th 9 3 4 6 8 6 9 6 4 11 8 9 7 5 12 7.13 0.68
Removal Jul 21th 10 8 4 6 9 13 11 8 9 12 11 14 11 5 14 9.67 0.80
Removal Jul 25th 7 11 4 4 13 9 12 12 11 8 10 11 5 5 8 8.67 0.80
Removal Jul 28th 8 9 2 4 9 9 10 8 10 10 8 12 9 6 6 8.00 0.66
Removal Aug 1st 8 8 3 4 5 7 10 10 5 8 10 7 10 8 7 7.33 0.58
Removal Aug 4th 4 7 2 3 9 5 8 9 9 1 6 7 8 7 6 6.07 0.67
Removal Aug 8th 3 7 2 3 4 7 5 9 8 2 6 7 10 7 5 5.67 0.65
Removal Aug 11th 3 3 2 2 5 3 2 5 8 0 3 1 3 4 7 3.40 0.55
Removal Aug 15th 5 2 2 1 2 2 2 1 4 0 4 1 2 3 6 2.47 0.42
Removal Aug 18th 0 1 2 1 3 1 1 0 3 0 2 0 0 0 2 1.07 0.28
Removal Aug 22th 0 1 2 0 0 1 0 0 0 1 0 0 0 0 0 0.33 0.16
Removal Aug 25th 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.00 0.00

Results

There were no rainfall records during the evaluation period (0 mm of rainfall be-
tween July 1st and August 25th).

Leaf budding

The mean leaf buds ranged from 9.67 (± 0.80 SE) in the removal treatment on July 
21th to zero in all groups from August 25th onwards. The evaluated individuals of 
P.  tomentosa presented leaf buds from July 18th. Subsequently, as these leaf buds 
developed into young leaves, the number of leaf buds dropped throughout August 
(Fig. 3, Table 1). Thus, from the last fortnight of August, the leaves began to mature, 



Leaf budding on deciduous plant species under water stress 245

Table 2. Number and mean of leaf buds found in each individual of Peixotoa tomentosa A.Juss. from 
the control, irrigation, and removal treatments along the 12 phenological monitoring dates.

Treatments Plant 
Individuals

July 2022 August 2022 Mean of 
Leaf Buds18th 21th 25th 28th 1st 4th 8th 11th 15th 18th 22th 25th

Control 1 2 4 3 4 3 4 2 2 1 0 0 0 2.08
Control 2 3 5 5 5 4 4 4 2 2 0 0 0 2.83
Control 3 7 6 5 5 6 4 2 2 2 2 2 0 3.58
Control 4 6 6 7 8 6 6 4 2 0 0 0 0 3.75
Control 5 5 7 8 7 8 6 5 3 1 0 0 0 4.17
Control 6 7 7 6 4 5 6 5 3 1 0 0 0 3.67
Control 7 2 5 6 8 5 6 5 3 1 0 0 0 3.42
Control 8 7 6 5 5 6 6 6 1 0 0 0 0 3.50
Control 9 3 8 7 8 7 7 4 5 2 0 0 0 4.25
Control 10 6 5 5 7 5 5 5 0 0 0 0 0 3.17
Control 11 4 4 5 7 5 5 3 2 4 2 1 0 3.50
Control 12 7 8 7 7 6 8 4 2 1 1 1 0 4.33
Control 13 7 7 5 7 5 5 6 3 3 1 1 0 4.17
Control 14 7 6 4 6 6 4 5 2 1 0 1 0 3.50
Control 15 3 7 10 8 5 5 5 4 3 2 1 0 4.42
irrigation 1 5 7 8 7 5 6 5 3 1 0 2 0 4.08
irrigation 2 7 7 6 8 5 7 5 3 1 0 0 0 4.08
irrigation 3 2 5 6 5 5 6 5 3 1 0 0 0 3.17
irrigation 4 7 6 5 5 6 6 6 1 0 0 0 0 3.50
irrigation 5 3 8 9 8 7 7 7 2 2 0 0 0 4.42
irrigation 6 7 6 7 6 5 6 5 3 1 2 0 0 4.00
irrigation 7 2 5 6 8 5 6 5 3 1 0 0 0 3.42
irrigation 8 7 6 5 5 6 6 6 1 2 0 0 0 3.67
irrigation 9 3 8 11 8 7 7 4 4 2 0 0 0 4.50
irrigation 10 6 6 5 5 4 4 4 2 2 0 0 0 3.17
irrigation 11 7 7 5 6 5 6 4 6 3 1 1 0 4.25
irrigation 12 3 7 5 8 5 5 5 4 3 2 1 0 4.00
irrigation 13 5 7 8 8 6 6 5 3 1 0 0 0 4.08
irrigation 14 7 7 6 8 5 6 5 3 1 0 0 0 4.00
irrigation 15 2 5 6 8 5 6 5 3 1 0 0 0 3.42
removal 1 9 10 7 8 8 4 3 3 5 0 0 0 4.75
removal 2 3 8 11 9 8 7 7 3 2 1 1 0 5.00
removal 3 4 4 4 2 3 2 2 2 2 2 2 0 2.42
removal 4 6 6 4 4 4 3 3 2 1 1 0 0 2.83
removal 5 8 9 13 9 5 9 4 5 2 3 0 0 5.58
removal 6 6 13 9 9 7 5 7 3 2 1 1 0 5.25
removal 7 9 11 12 10 10 8 5 2 2 1 0 0 5.83
removal 8 6 8 12 8 10 9 9 5 1 0 0 0 5.67
removal 9 4 9 11 10 5 9 8 8 4 3 0 0 5.92
removal 10 11 12 8 10 8 1 2 0 0 0 1 0 4.42
removal 11 8 11 10 8 10 6 6 3 4 2 0 0 5.67
removal 12 9 14 11 12 7 7 7 1 1 0 0 0 5.75
removal 13 7 11 5 9 10 8 10 3 2 0 0 0 5.42
removal 14 5 5 5 6 8 7 7 4 3 0 0 0 4.17
removal 15 12 14 8 6 7 6 5 7 6 2 0 0 6.08

with great speed and synchrony: the evaluated population changed from young 
leaves to mature, hairy and green leaves.

Plants in the removal treatment (4.98 ± 0.29 SE) had a statistically higher num-
ber of leaf buds produced than the plants in the control group (3.62 ± 0.16 SE) and 
in the irrigation treatment (3.85 ± 0.11 SE) (F2.41 = 14.995, P = 0.0001). The control 
group and the irrigation treatment did not differ from each other (P > 0.05) (Fig. 4, 
Table 4).
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Figure 3. Time series analysis showing the mean of leaf buds (points) and the standard error (vertical 
limits) of the 15 individuals of Peixotoa tomentosa A.Juss. in each of the 12 observation dates between 
July and August 2022. Control group (A), irrigation treatment (B), and removal treatment (C).
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Table 3. Values of wet weight, dry weight, and relative water content (RWC) for the 15 soil samples 
from the irrigation treatment and the control group.

Treatments Plant Individuals Wet Weight (g) Dry Weight (g) Relative Water Content (%)
control 1 303.19 294.53 2.86
control 2 282.50 273.91 3.04
control 3 247.36 238.35 3.64
control 4 279.59 267.13 4.46
control 5 281.69 272.78 3.16
control 6 290.60 278.81 4.06
control 7 286.83 273.62 4.61
control 8 228.65 218.78 4.32
control 9 269.47 261.61 2.92
control 10 284.83 277.70 2.50
control 11 262.87 255.17 2.93
control 12 280.67 275.82 1.73
control 13 266.75 259.92 2.56
control 14 281.11 273.49 2.71
control 15 273.76 268.67 1.86
irrigation 1 293.87 275.59 6.22
irrigation 2 317.14 299.24 5.64
irrigation 3 290.02 273.51 5.69
irrigation 4 292.22 277.07 5.18
irrigation 5 335.14 312.45 6.77
irrigation 6 327.33 308.57 5.73
irrigation 7 295.60 289.56 2.04
irrigation 8 336.13 324.28 3.53
irrigation 9 285.25 278.57 2.34
irrigation 10 281.86 271.54 3.66
irrigation 11 285.57 277.93 2.68
irrigation 12 311.72 302.27 3.03
irrigation 13 296.40 287.05 3.15
irrigation 14 239.22 232.21 2.93
irrigation 15 293.86 282.80 3.76

Soil collection

The soil of the plants in the irrigation treatment presented a statistically higher rela-
tive water content (4.16% ± 0.40 SE) than that found in the soil of the plants in the 
control group (3.16% ± 0.23 SE, F1.27 = 7.670, P = 0.01).

Table 4. Pairwise comparisons (P < 0.05; GLMM/Tuckey’s post hoc test. α = 0.05) showing the dif-
ferences between the control group, irrigation, and removal treatments. * = Significant difference be-
tween treatments.

Treatments Control Irrigation Removal
Control – 0.671 0.0001*
Irrigation 0.671 – 0.0001*
Removal 0.0001* 0.0001* –
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Figure 4. Mean leaf buds in individuals of Peixotoa tomentosa A.Juss. from the control, irrigation 
treatment, and removal treatment. Error bars represent ± SE. Means followed by the same letters do 
not differ statistically from each other (P < 0.05; GLMM/Tuckey’s post hoc test. α = 0.05).

Discussion

Our findings showed that early defoliation influenced the triggering of leaf buds 
on P. tomentosa, increasing the production of young leaves in its individuals in a 
seasonal tropical environment with water restrictions. However, irrigation was not 
able to break the dormancy of leaf buds.

Many Cerrado woody plants have an extensive root system that, in many cases, 
penetrates deeper into the soil, reaching the water table. These roots, by remaining 
humid throughout the year, ensure a stable water source for plants, minimizing the 
effects of seasonal water deficit (Nardoto et al. 1998; Scholz et al. 2002). Thus, we 
suggest that despite the irrigation treatment having provided a more humid soil for 
the plants, the depth, and extension of the root system of P. tomentosa allow these 
plants to capture enough water to minimize the effects of the water deficit, not inter-
fering with the production of leaves in the dry season (Scholz et al. 2002).

Although irrigation was not related to leaf budding, the removal of senescent 
leaves proved to be an important factor in triggering young leaves. The reduction 
in transpiration appears to be a key factor in triggering the leaf buds of P. tomentosa 
(Pereira et al. 2022). Studies have shown that the leaf fall can avoid water stress in 
tropical deciduous species, as it reduces the transpiration surface of the foliage and, 
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therefore, reduces water demand and the risks of xylem embolism and plant desicca-
tion (Goldstein et al. 2008; Lima et al. 2021; Santos et al. 2021). Thus, leaf fall is closely 
related to leaf senescence in such a way that it can be used as a proxy for leaf bud-
ding, as this would reduce water loss by the plant, leading to rehydration of leafless 
branches and leaf production in P. tomentosa, even under severe water stress (John et 
al. 2018). Furthermore, we suggest that the defoliation of senescent leaves did not pre-
vent the translocation of nutrients, and, since these plants had all their leaves removed 
at the same time, there was a drastic reduction in the transpiration of these individu-
als, which produced new leaves in higher numbers than found in the other groups.

Evidence is accumulating that the timing and intensity of the vegetative pheno-
phases of deciduous plants are changing as a result of climate change (Gordo and 
Sanz 2009; Gunderson et al. 2012; Estiarte and Peñuelas 2015; Liu et al. 2022). On 
average, climate warming will delay, and drought will advance, leaf senescence, but 
to varying degrees depending on the species (Gunderson et al. 2012). Warming and 
drought, therefore, have opposite effects on the phenology of leaf senescence, and 
the impact of climate change will depend on the relative importance of each factor 
in specific regions (Estiarte and Peñuelas 2015). Furthermore, the overall effects of 
climate change on nutrient reabsorption will depend on the contrasting effects of 
warming and drought, because the construction of new leaves depends almost exclu-
sively on nutrients reabsorbed from the leaves during the previous leaf fall (Estiarte 
and Peñuelas 2015). Thus, changes in leaf falling and leaf budding phenology will 
impact carbon uptake, but also nutrient cycling in the ecosystem (Jia et al. 2022).

Conclusion

Our findings contribute to a better understanding of the triggering of vegetative 
phenophases in Cerrado deciduous plants, showing that leaf fall may play a more 
important role than rainfall in the production of leaf buds in the dry season.
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