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Abstract: Worsening climate change and increasing temperatures generate more sever and extended
wildfires, raising concerns about ecosystem services. Prescribed burns (PB) are used to reduce forest
fuel loads. Improving knowledge regarding the vegetation response after PB is essential for generating
common points for monitoring ecological burning effects and generating a protocol or practice guide.
We compared the PB seasonality of low-intensity (spring, summer, and autumn) and unburned
areas in a total of 12 plots in Pinus nigra Arnold ssp. salzmannii Mediterranean forest. Our vegetation
analysis was short term (one year after each PB). We analyzed vegetation coverage, α-diversity
(Pielou, Simpson, and Shannon’s index), life forms, and fire-adapted traits using the Canfield transect
method, followed by statistical analyses such as non-metric multidimensional scaling (NMDS) and
two-way ANOVA. α-diversity was significantly decreased (>55% of dissimilarity) in the burned plots
during each season, with the lowest values after summer PB (69% of dissimilarity) when comparing
the burned and unburned plots. There was a significant increase in hemicryptophytes (15−20%) and
geophyte coverage (from 6% to 14%, or from 4% to 8% in certain cases) in the burned plots after PB
seasonality; however, the phanerophytes were reduced (from 13% to 5%). Resprouters were more
dominant after PB (an increase of 15–20%), which indicates that resprouters have a faster recovery
and generate a fuel load quickly for highly flammable species such as Bromus after low-intensity
burning. This suggests that low-intensity prescribed burning may not be the best methodology for
these resprouting species. This study helps to understand how burning in the early season can affect
inflammable vegetation and the change in fuel that is available in semi-arid landscapes. This is key
to achieving the basis for the development of a standardized system that allows for the efficient
management of forest services in order to reduce wildfire risks. One objective of this line of research
is to observe the effects of recurrent burning in different seasons on vegetation, as well as plant−soil
interaction using the microbial and enzyme soil activity.

Keywords: prescribed burning; vegetation parameters; biodiversity; preventive tools; ecological
effects; Mediterranean forest; forest management; vegetation response

1. Introduction

Forests provide essential ecosystem services that significantly contribute to society.
They play a critical role in carbon sequestration and serve as vital habitats, particularly
in biodiversity-rich regions such as the Mediterranean Basin [1]. This area is recognized
as a global biodiversity hotspot and one of Europe’s most diverse biomes [2]. However,
the escalating threat of wildfires, exacerbated by climate change and LULUCF (land use,
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land-use change, and forestry) changes, poses a severe challenge to forest ecosystems and
the services they provide [3,4].

Globally, wildfires represent major disturbances in forest ecosystems [5], and they are
increasingly being influenced by climate change dynamics and alterations in LULUCF [6].
These wildfires have far-reaching impacts on vegetation, water resources, air quality,
and fauna, which result in the degradation of both environmental and socio-economic
values [7,8]. Climate projections indicate a potential loss of 11–25% of forested areas in the
Mediterranean zone by the end of the century, which would result in a significant decline
in wildlife habitat and overall biodiversity [9,10].

The Mediterranean Basin, characterized by recurrent and severe fires, harbors fragile and
vulnerable forest ecosystems, particularly in non-serotinous pine forests [11]. These ecosys-
tems experience shifts in vegetation toward fire-adapted communities and shrublands due
to changes in wildfire regimes [12]. Pine-dominated ecosystems constitute a main landscape
feature in the Mediterranean Basin, where they cover 25% of the forested surface; the Mediter-
ranean basin has experienced a substantial increase in wildfires, with an average annual
growth rate of approximately 5% [13]. The data reveal that wildfires in the Mediterranean
region have surged by over 50% in the last decade alone, posing significant challenges for
ecosystems, human settlements, and biodiversity conservation [14]. The southeastern region
of Europe, encompassing the Mediterranean basin, has been marked by a significant footprint
from forest fires. Statistically, the area has experienced a staggering number of fire incidents
over the years. For instance, in the past decade alone, the Mediterranean basin has witnessed
an average of thousands of wildfires annually [15]. To mitigate the detrimental impacts of
wildfires and to effectively control large-scale fire incidents, adaptive forest management
practices that encompass fuel load management are crucial.

Prescribed burns (PB) have emerged as a valuable tool in adaptive forest manage-
ment. PBs involve the deliberate removal of fuel loads and the modification of vegetation
structure to reduce fire severity [16]. PBs can effectively reduce the available fuel in the
forest ecosystem, a critical factor in fire ignition and severity [17]. In the Mediterranean
Basin, PBs are typically conducted in autumn or spring by taking advantage of optimal
conditions, such as the relative moisture (>40%) and ambient temperature (23–30 ◦C) for
low-intensity burning [18]. PB has become a critical tool in fire management, particularly
in the Mediterranean region of southeastern Europe, where it has shown promising results
for reducing wildfire severity and protecting ecosystems. However, the seasonality of PBs
can yield varying effects on vegetation recovery and post-fire dynamics [19]. Previous
studies have demonstrated that the timing of PBs is critical, with spring and early summer
burns promoting rapid vegetation recovery without significant impacts on plant communi-
ties [20–22]. One notable effect of PBs is the response of plant communities, particularly in
terms of resprouting capacity and species diversity. Resprouting species, which possess the
ability to regenerate from the surviving buds after fire, often exhibit increased abundance
following PB due to their inherent regenerative capabilities [23]. However, the short-term,
low-intensity burning associated with PB may result in a reduction in overall species diver-
sity, as some more sensitive species may not experience the thermal shock required for their
germination and establishment [24]. Striking a balance between promoting resprouter dom-
inance and preserving species diversity is crucial when designing effective PB strategies
that simultaneously address ecosystem conservation and fire-risk management.

In the Iberian mountains, Pinus nigra Arnold subsp. salzmannii (Dunal) Franco stands
have been managed using diverse systems, with the shelterwood system being the predom-
inant approach. This method involves rotation periods of 100 to 120 years and regeneration
periods of 20 to 30 years [25]. Forest management practices, including using PBs, are
employed to minimize external interferences and effectively reduce fuel loads. Prescribed
burns for fuel reduction have been extensively practiced in various regions of southeastern
Europe within the Mediterranean basin, including countries such as Spain, Italy, Greece,
and Portugal, where these regions have witnessed a significant increase in the implemen-
tation of prescribed burns, with an estimated annual average of over 1000 prescribed
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burns conducted across the Mediterranean basin in recent years [26]. Forest management
practices, including the use of PB, are employed to minimize external interferences and to
effectively reduce fuel loads. However, challenges in obtaining permits and restrictions
in certain areas can hinder these strategies being implemented. Nevertheless, PBs play a
crucial role in mitigating disturbances such as grazing and ensure the resilience of Pinus
nigra, known for its wind and drought resistance, erosion control capabilities, and extensive
use in reforestation programs [27,28].

Despite the significance of PBs in fire-prone ecosystems, a critical knowledge gap exists
about the short-term ecological effects of low-intensity burnings on vegetation regeneration
and diversity in the Mediterranean Basin. Understanding the fire-adapted traits of existing
vegetation, such as resprouters or germination of the seed bank due to thermal shock,
and post-fire recovery dynamics is essential for effective ecosystem management [29]. In
wildfire-prone areas with high recurrence rates, regenerative life forms characterized by
root sinks, such as geophytes or hemicryptophytes, often dominate [30,31]. While several
studies have examined the relevance of these factors in post-fire plant regeneration [32–34],
only a few have integrated multiple aspects, including PB seasonality, life forms, and
fire-adapted traits. These differences can be influenced by various factors, including plant
phenology, fuel moisture content, and microclimatic conditions during the burn season.
Studies have highlighted the role of plant functional traits, such as resprouting abilities,
serotine, leaf flammability, and bark thickness, in shaping post-fire regeneration patterns.
For instance, some studies have observed that species with specific fire-adaptive traits may
exhibit different responses to burns depending on the timing and severity of the fire, such
as the substantial increase in resprouting species, such as hemicryptophytes and geophytes,
following low-intensity prescribed burns or a decrease in overall plant diversity due to
the short-term impact of low-intensity burning [35–37]. Understanding these mechanisms
is essential for effective fire management and the conservation of ecosystems [38]. By
investigating the specific characteristics of vegetation communities and plant traits that
contribute to these differences, we can gain insights into the dynamics of post-fire vege-
tation and inform management strategies. Enhancing knowledge of the PB effects on the
Mediterranean Basin is crucial for preventing fires in highly flammable vegetation zones
with extreme conditions and dry soils, where the aim is to minimize the potential impacts
on fragile ecosystems [39]. Therefore, the present research aims to assess the short-term
response of understory vegetation following low-intensity PB conducted during different
seasons in a Mediterranean black pine forest in Beteta, Castilla-La Mancha, Spain.

We hypothesize that the summer burn season may have a greater impact on vegetation
due to factors such as higher temperatures, increased moisture stress, and changes in plant
phenology. These hypotheses are well-grounded in the existing literature, highlighting the
significant influence of burn seasonality on plant phenology, growth, and survival [40–42].
By exploring these specific aspects, we aim to unravel the underlying mechanisms driv-
ing the observed differences in vegetation response to burn seasons. In this study, our
hypothesis is related to the following: (i) PBs’ affect in the similarity of plant communities
due to short-term loss of biodiversity, as well as change in floristic composition; (ii) PBs
in summer are those that most affect plant community changes and its similarity; (iii) PBs
lead to an increase in resprouters due to their high regenerated capacity, while short-term
low-intensity burning results in reduced diversity compared with unburned areas, likely
due to the absence of thermal-shock during PB due to low intensity; and (iv) the diversity
of vegetation and life form changes are higher in summer PB. By examining these variables,
this study seeks to contribute to the understanding of the ecological effects of burning
seasonality on vegetation and to provide insights for effective forest management strategies
in fire-prone ecosystems.
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2. Materials and Methods
2.1. Study Area

The research area has altitude ranges from 1250 to 1300 m.a.s.l and a 4% (±1.3) slope.
The climate is Csb “Mediterranean with dry summers” according to the Köppen−Geiger
climate classification [43]. The mean annual temperature is 10.2 ◦C (mean lowest tempera-
tures of 1.7 ◦C; mean highest temperatures of 20.1 ◦C). The approximate rainfall is 601 mm
per year [44] for the 1990–2020 period. The lowest rainfall appears in July−August with an
average of 10 mm, and the most rainfall drops in October with 60 mm.

The study area soils are basic-neutral (pH 7.3) from the Beti-Iberian limb and are
linked with gaps of calcareous formations without advanced horizons due to a (semi)-arid
climate [45]. Soils are cambisols (CMe), which show non-significant pedogenesis derived
from some rocks of aeolian, colluvial, and alluvial origins. The area is characterized by clay
and iron oxide formations [46].

PBs were carried out in spring 2016, autumn 2017, and summer 2019 (Table 1), not
covering areas of more than 0.1 ha as forestry management practices by the Regional Forest
Service staff according to a regional burning plan. The study plots are located in the central
Iberian Peninsula, close to Beteta (Spain), and represent the range of typical black pine stands
with a tree density of about 1280 no./ha (±256) and a mean tree height of 7.25 m (±3.27) [47].
Understory vegetation is formed by mixed masses of Genista scorpius L., Bromus erectus Huds.,
Ononis spinosa L., and Pilosella castellana Boiss. & Reut., among others. The centroid in GPS
coordinates (ETRS89/UTM zone 30N) of the study area is (40◦33′05.1′′ N 2◦06′32.9′′ W)
(Figure 1).

Table 1. Maximum temperatures (◦T) during the prescribed fires. Mean values and standard deviations.

Season
Temperature

Ambient
(◦C)

Moisture
Ambient

(%)

Wind Speed
(km/h)

2 cm Depth
Soil Surface

(◦C)

Mineral Soil
Surface (◦C)

Organic
Layer (◦C)

30 cm
Above Soil
Surface (◦C)

With
Temperatures
Above 100 ◦C

(mint)

Spring 20 41 3.1 3.1 ± 1.3 28.1 ± 5.2 204.8 ± 11.5 361.7 ± 65.3 1 ± 0.1

Autumn 16 47 3.2 18 ± 0.8 37.1 ± 5.4 389.7 ± 32.1 702.3 ± 59.6 5 ± 2.1

Summer 24 37 2.3 26 ± 1.5 68.1 ± 7.1 591.8 ± 21.7 635.9 ± 42.1 15 ± 5.2

The heat residence time on the round did not exceed 100 ◦C and was only in the litter and above soil surface than
more 1 h considering low-intensity burning.
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Surface 
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Surface (°C) 
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Figure 1. (A) Province of Cuenca, Spain. (B) Plots where PBs were applied in summer (red), plots
where PBs were applied in autumn (yellow), plots where PBs were applied in spring (orange), and
the control plots (unburned = green). (C) Burning an experimental plot.
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2.2. Experimental Design
Plots

Twelve square plots (30 × 30 m each plot) with similar conditions (ANNEX; Table
S1) were set up. Three were installed where the spring PB was to be carried out (PB
SPRING), three where the autumn PB was to be performed (PB AUTUMN), and three
where the summer PB was to be done (PB SUMMER). The other three plots remained
unburned and were used as the control (C) plots. Each plot was separated by at least 10 m
to avoid pseudo-replication [48]. The following growing season after each PB (spring PB
measurements in 2017; autumn PB measurements in 2018; and summer PB measurements
in 2020), the vegetation strata in C and the burned plots were measured in the months
(spring−summer) of the growing plant phase [49]. For the preliminary soil characterization,
the soil physico-chemical properties in each plot were recorded 1 week before each PB.
Checks were made to see if the variables did not differ between plots (ANNEX; Table S2).
A comparison was made between the historical climate and the climate data collected
during the study (ANNEX; Figure S1). This period was calculated using the methodology
of Alizoti et al., 2010, to observe if the precipitation period during the study (2016–2020)
deviated from the historical climate of the area, with details showing that it did not differ,
but a reduction in precipitation was observed compared with the historical ones [50].

2.3. Prescribed Burnings

PBs were performed with fire lines separated by 1 m and lying perpendicularly to
one another. They were carried out opposite the wind direction (a tail burn) to minimize
fire severity. This methodology to initiate burning favors the front advancing and offers a
shorter fire residence time on the ground, thus avoiding overheating, convection flows to
the tree layer, and very high temperatures [51]. In addition, PB were conducted in different
years due to the limited and specific weather windows required for carrying out the burns
safely. These prescribed burns were carried out by the regional government as part of their
management practices.

The fuel model was 7 (height over 1.5 m flammable shrub), according to Rothermel [52]
and Albini [53]. The main understory layers were Genista scorpius L., Bromus erectus Huds.,
Ononis spinosa L., and Pilosella castellana Boiss. & Reut. To characterize burn intensity, six
thermocouples were installed (HOBO UX120 4-Channel Analog Logger dataloggers) per
plot. Eighteen dataloggers were set at four height levels: 2 cm deep below ground, at 0 cm
in mineral soil, above litterfall, and 30 cm above ground.

Fire spreads fundamentally through scrubland according to the technical notebooks of
the combustible model taken from the digital terrain model and the phytoclimatic atlas of
Spain by MAPAMA [45].

By implementing these measures, we aimed to ensure that the prescribed burns
maintained a low intensity throughout their duration. This approach helped us control
the severity of the fires and minimize potential ecological impacts beyond our intended
objectives. Therefore, considering the classicization of the prescribed burns, the shorter
fire residence on the ground, the low fire temperature, and the minimal effect on the tree
strata, we maintained a consistent focus on assessing the ecological effects of low-intensity
prescribed burns across different seasons.

2.4. Vegetation Indicators
2.4.1. Plant Coverage and α-Diversity

Coverage of the vegetation strata was recorded using the linear transects methodol-
ogy [54], with three transects per plot (30 × 30 m) at 5 m, 15 m, and 25 m of the corner. This
method is fast, cheap, and very indicative [55].

From the recorded database, we calculated the α-diversity using three indices:
(i) abundant species (Pielou Index; J), (ii) species dominance (Simpson Index; D),
(iii) species abundance (Shannon Index; H◦). J was measured as the observed diversity
in relation to the maximum diversity (J = H◦/H◦ max) [56]. D was calculated through
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the probability that two individuals were of the same species [57]. H◦ was calculated by
the relative species abundance present (in cm), including the minimum intercept value of
1 cm [58].

2.4.2. Life Form and Fire-Adapted Traits

Based on the species measured in the line transects, the present vegetation was classified
according to its strategies of adaption to fires, namely seeders or resprouters [59–61], and as
life forms according to the Raunkiaer classification and more database studies [31,62,63], in
which life forms are determined as chamaephytes, phanerophytes (subclasses: macrophanero-
phytes, more than 50 cm above the ground level; nanophanerophytes ≤ 50 cm), geophytes,
hemicryptophytes, and therophytes. Life forms and fire strategies were calculated as the av-
erage percentages in the different short-term burning years by comparing the seasons and
treatment (unburned or burned).

2.5. Statistical Analyses

Shapiro−Wilk tests were performed to observe the normal distribution tendency.
Bartlett statistical tests were run to determine the data homoscedasticity for variance
verification in each variable. The calculation of the precipitation averages in the study
periods, as well as the historical climate, were carried out to analyze the climatological
change during the study following the methodology described by Alizoti et al., 2010. We ran
an analysis of similarities (ANOSIM) to compare the within- and between-group (burned or
control) similarities during the different burn seasons (SPRING, AUTUMN, or SUMMER);
999 replicates were used for permutation analysis to assess the significance values at a
p-value threshold of 0.05. In a robust classification, the similarities between plots within the
same group (season) should be substantially greater than those from different seasons. The
key obtained output was the R statistic coefficient, which ranges from −1 to 1: the higher
the value, the closer the similarity between the plant compositions found. R values close to
0 mean that the similarity of the between- and within-groups was irrelevant. In addition,
non-metric multidimensional scaling (NMDS) was performed to graphically observe the
similarity groups between plant communities; we used the Bray−Curtis dissimilarity index
to calculate the distance between the data points and performed hierarchical clustering to
determine the grouping of the samples. The NMDS values were square root-transformed
to adjust the normal distribution. A SIMPER (similarity percentage) one-way analysis was
performed to identify the similarity percentages between vegetation compositions (one-
way analysis). Once again, using SIMPER pairwise tests, the most different species among
seasons/treatments were individualized, and the relative contribution of each one to such
differences was calculated (pairwise analysis). Marked similarity between plots of the same
season or between seasons was shown by low mean square distance (R) values within the
0–100 range. We highlighted the top three species contributing the most to dissimilarity
in the SIMPER results, as they demonstrate significant influence. Other species, each
representing less than 3–5% contribution, were also considered, but were not explicitly
listed due to their lower representativeness in the overall dissimilarity. Thus, the high mean
square distance values corresponded to significant differences. Finally, we conducted one-
way ANOVA to compare the significant differences of each index related to α-diversity, life
forms, and fire-adapted traits classification between treatments for each season (ANOVA
significance level p-value < 0.05). Combining both the ANOSIM and ANOVA analyses, we
were able to gain a comprehensive understanding of how burn seasons influence vegetation
responses. ANOSIM provided insights into the overall differences between the burned
and control plots, while the ANOVA analysis offered more specific information on how
these differences vary across different seasons. The significance level for all statistical tests
was set at a 95% confidence level. The software package employed for the statistics was
PRIMER-e v6.
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3. Results
3.1. Analysis of Coverage Vegetation and α-Diversity

The comparison between the burned (PB) and control (C) plots in different sessions
revealed significant differences based on the ANOSIM results (global R = 0.54; p < 0.01)
(Table 2). Additionally, the climatic graph (ANNEX; S3) demonstrated that the climate
during the study years aligned with the typical seasonal patterns of the area, indicating no
significant variations between the study periods. However, it is worth noting that rainfall
levels were generally lower compared with the historical climate data.

Table 2. Analysis of similarities (ANOSIM) among treatments (C and PB plots) during each season
(PB SPRING, PB AUTUMN, and PB SUMMER).

Groups R-Statistic Significance Level (%) Possible Permutations Number ≥ Observed

C VS. PB AUTUMN 0.577 0.1 24,310 0

C VS. PB SUMMER 0.519 0.1 24,310 0

C VS. PB SPRING 0.520 0.1 24,310 0

R-statistic: similarities 1–0; Significance Level (<5%). Actual Permutation: 999.

NMDS showed similarities in three different groups, where vegetation populations were
similar, with all C in one, and two others between AUTUMN and SUMMER and SPRING and
SUMMER (Figure 2). These findings indicate similarity between similar plant communities
and before treatment, with a more distant group between groups, which was SUMMER.
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The SIMPER analysis indicated marked similarity (50%) among the C plots during
each season, with two main understory species: Bromus erectus (with 20–24% contribution)
and Genista scorpius (with 12–13% contribution). In the PB plots, similarity was lower (PB
AUTUMN = 43.43%; PB SPRING = 44.91%; and PB SUMMER = 37.37%) (Table 3).

However, after each burning season, marked dissimilarity (65%) was observed for
the treatments (unburned and PB plots). In PB AUTUMN, a decrease from 13% to 2.7%
was noted in Gesnita scorpius, while there was no Ranunculus bulbosus before burning,
which increased by up to 8% after the PB, and hardly any differences were observed for
Bromus erectus (20% to 17%). In PB SPRING, a reduction in Bromus erectus (26% to 15%),
Pinus nigra (from 10% to 2%), and Rosa canina (from 9 to 4%) took place, with the least
dissimilarity among treatments (59%). In PB SUMMER, the greatest dissimilarity was
obtained (69%), with reductions in Pinus nigra (8% to 2%) and Genista scorpius (12% to 3%),
and a slight reduction in Bromus erectus (21% to 18%) (Table 4).
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Table 3. SIMPER one-way analysis with average square distances per plot and the most characteristic
parameters that contribute to their similarity. The PB plots and control (C) plots during each season
(AUTUMN, SPRING, and SUMMER).

Species Average Contribution % Cum. %

C AUTUMN: Average similarity = 49.55

Bromus erectus 20.5 14.23 14.23

Genista scorpius 13.06 9.26 23.49

Pilosella castellana 7.41 5.61 29.1

C SUMMER: Average similarity = 47.56

Bromus erectus 21.08 14.9 14.9

Genista scorpius 12.56 9.03 23.92

Thymus bracteatus 8.09 5.5 29.42

C SPRING: Average similarity = 50.97

Bromus erectus 26.43 20.11 20.11

Genista scorpius 12.97 9.15 29.26

Quercus fajinea 10.18 7.93 37.19

PB AUTUMN: Average similarity = 43.43

Bromus erectus 17.57 22.57 22.57

Ononis spinosa 9.53 13.55 36.11

Geum sylvaticum 7.83 8.56 44.67

PB SPRING: Average similarity = 44.91

Bromus erectus 15.77 22.28 22.28

Thalictrum tuberosum 8.81 8.72 31

Geum sylvaticum 7.31 8.47 39.47

PB SUMMER: Average similarity = 37.37

Bromus erectus 18.3 28.6 28.6

Ononis spinosa 8.28 14.98 43.58

Pilosella castellana 7.19 6.81 50.39

Contribution = % species contribution to similarity. Cum. % = % of similarity.

For α-diversity, one-way ANOVAs were performed during each season by comparing
treatments. J was significant (p-value = 0.03; F-statistic = 2.72), but only in PB SUMMER
(Figure 3), which was the lowest. We calculated the significance of H0 during each season
among treatments. Significant differences (p-value < 0.01) were obtained at each time, with
higher H◦ values in C than in the PB plots (Figure 4). We also calculated the D index for
treatments during each season by ANOVA tests. Significant differences were obtained
(p-value < 0.01) and the values in the control plots were higher than in the PB ones in PB
AUTUMN and PB SUMMER (Figure 5).
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Figure 3. ANOVA graph for the Pielou Index (J) during each season and treatment. Control plots (C
AUTUMN, C SPRING, and C SUMMER). Treatment plots during each season (PB AUTUMN, PB
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Table 4. SIMPER pairwise analysis, with average square distances between plots/season and species
showing the most significant differences. Prescribed burning plots (PB) and control plots (C) during
each season (AUTUMN, SPRING, and SUMMER).

Species Average 1 Average 2 Contribution % Cum. %

C AUTUMN (1) and PB AUTUMN (2): Average dissimilarity = 63.93

Genista scorpius 13.06 2.73 4.67 4.67

Ranunculus bulbosus 0.5 8.81 3.97 8.63

Bromus erectus 20.5 17.57 3.93 12.57

C SPRING (1) and PB SPRING (2): Average dissimilarity = 59.19

Bromus erectus 26.43 15.77 5.44 5.44

Rosa canina 9.71 3.97 4.24 9.68

Pinus nigra 10.39 1.94 4.18 13.87

C SUMMER (1) and PB SUMMER (2): Average dissimilarity = 68.45

Bromus erectus 21.08 18.3 4.46 4.46

Genista scorpius 12.56 3.25 4.24 8.7

Thymus bracteatus 8.09 0 3.78 12.47

Contribution = % species contribution to dissimilarity. Cum. % = % of dissimilarity. Average 1 = C plots; Average
2 = PB plots.
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p-value < 0.05. * The highest different value between the control and burned plots. Lowercase (a/b)
indicates significant differences among treatments.
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Figure 5. ANOVA graph for the Simpson Index (D) during each season and treatment. Control plots
(C AUTUMN, C SPRING, and C SUMMER). Treatment plots during each season (red circle group of
Burners = PB AUTUMN, PB SPRING, and PB SUMMER). Standard deviations (hanging bars) and
mean values. Significance level p-value < 0.05. * The highest different value between the control and
burned plots. Lowercase (a/b) indicates significant differences among treatments.

3.2. Analysis of Life Forms and Fire-Adapted Traits Classification

Regarding life forms (Raunkiaer classification), an ANOVA test was run in spring.
Significant differences were observed in phanerophytes (also subclasses) and geophytes
(p-value < 0.01), which showed a reduction in all of the life forms and seasons, except for
geophytes and hemicryptophytes. In PB SPRING, the only life form with a significant
increase was geophytes, which implied a mean increase from 4% to 16%. The reduction
in the percentage of macrophanerophytes went from 13% to 5% and was significant. In
PB AUTUMN, there were significant differences in chamaephytes, hemicryptophytes,
and phanerophytes (both subclasses) (p-value < 0.01), with a lower percentage value for
chamaephytes and phanerophytes between the C and PB plots, but a marked increase in
hemicryptophytes from 46% to 74%. In PB SUMMER, significant differences were observed
in chamaephytes, hemicryptophytes, and phanerophytes (both subclasses) (p-value < 0.01),
and lower values were for chamaephytes. However, hemicryptophytes increased from 44%
to 64%. There was a slight increase in geophytes (6% to 9%) and therophytes (4% to 8%),
but with no significant differences (Figure 6).

Regarding the evaluated results of the fire-adapted traits, significant differences
(p-value < 0.01) were found in both resprouters and seeders during each PB season when
comparing the PB plots to the C ones. In PB SPRING, the percentage of seeders was lowered
from 29% to 15%, while the resprouters increased from 71% to 85% when comparing the
measurement taken in the PB plots to that of the C plots. In PB AUTUMN, once again
seeders reduced from 40% to 20% in the PB plots versus the C plots, and the percentage of
resprouters increased from 60% to 80%. PB SUMMER was similar to PB AUTUMN, with a
significant reduction in seeders in the PB plots compared with the C plots, which decreased
from 42% to 21%, and resprouters rose from 58% to 79% (Figure 7).
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4. Discussion

In this research, the choice of PB seasons was determined based on the measured variables
by following a specific burning methodology whose aim is to achieve low-intensity burns with
minimal severity [47]. It was concluded that the observed changes in the measured variables
were primarily attributed to the PB treatments applied during each respective season, which
may have influenced, or not, the vegetation dynamics. By establishing a comparable initial
situation and conducting samplings at consistent time points following PB treatments, this
research aimed to discern the specific effects of PB seasonality on vegetation recovery. These
findings will contribute to a better understanding of the ecological impacts of PBs in forest
ecosystems and inform about effective management strategies.

A consistent initial situation was established among plots when considering various
aspects, such as forest ecosystem characteristics, management practices, geology, floristic
composition, and soil data (ANNEX, Table S1). This careful selection ensured that there
were no significant differences between the C plots when the experiment design was
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implemented and provides a uniform starting point to effectively address the research
objectives. Both the C and PB plots were sampled year after applying PB during each season
by specifically focusing on the short-term recovery of vegetation [49]. This standardized
timeframe allowed for a comparative analysis to be conducted across all the plots to ensure
consistency in the assessment of vegetation dynamics.

4.1. Coverage Vegetation and α-Diversity

The analysis using NMDS revealed a high level of homogeneity among the studied
areas, which indicates a consistent composition of plant communities within the C plots
prior to applying PBs. However, after implementing PBs, a dissimilarity between the C and
PB plots became evident, which supports the findings from previous studies [64–66]. This
observed dissimilarity persisted across all three PB seasons, which suggests a significant
impact on vegetation composition. Following PB treatments, a notable reduction in vegetal
coverage occurred for the species with high flammability and a dominant presence in the
study area, such as Bromus erectus and Genista scorpius. This reduction was particularly
marked in summer when combined with water stress in semi-arid environments, and
significantly influenced vegetation coverage [67]. The study area, situated in the Mediter-
ranean Basin, is characterized by environmental constraints, including high temperatures,
low rainfall, and nutrient-poor soils. These factors contribute to a short growing season for
vegetation [68], which likely plays a role in the observed uniformity of fire-adapted plant
communities following disturbances [69].

In α-diversity terms, the J index showed significant differences only for the summer
burn season. This index, which measures the proportion of observed diversity relative
to the maximum expected diversity, is directly associated with community evenness [70].
The summer burn plots obtained the lowest α-diversity values, which can be attributed
to species migration to unoccupied areas facilitated by fire or the limited impact on the
seed bank due to low-intensity PBs. Similar shifts in species composition shortly after
disturbances, particularly fires, have been documented in previous studies [71–73]. This
dominance can be influenced by factors such as fire seasonality, intensity, and post-fire re-
covery dynamics of the vegetation community [74,75]. Fire-adapted traits of species should
also be considered, as fire-adapted species tend to thrive in post-fire environments [76].
This finding aligns with the hypothesis that ecological succession drives changes in plant
communities following disturbances [77]. Shannon and Pielou emphasize equitability,
while the Simpson index highlights dominance [78,79]. These differences reflect varying
disturbance impacts and community responses to prescribed burns.

To gain a comprehensive understanding, multiple factors influencing diversity pat-
terns, such as fire intensity, microclimate variations, soil nutrient availability, and interspe-
cific interactions, should be considered [80]. Analyzing these aspects will lead to a more
holistic interpretation of the observed results and their ecological implications. Fire, by
eliminating both fire-sensitive and non-fire-sensitive species, has a profound influence on
floristic composition, which leads to a certain level of homogeneity at small scales (burned
area), but heterogeneity at larger scales [81]. Furthermore, other studies have indicated that
low-severity fires can enhance species richness [82,83].

4.2. Raunkiaer and Fire-Adapted Traits Classification

Our study reveals a significant increase in perennial vegetation, specifically hemicryp-
tophytes and geophytes, following low-intensity PBs. These plant forms exhibit rapid
growth rates and possess extensive root systems that efficiently absorb nutrients from
the soil [39]. Notably, the regeneration process of these life forms predominantly occurs
underground, where temperatures remain relatively moderate [84,85].

It is particularly interesting to note that the most substantial increments in hemicryp-
tophytes took place after the autumn burning, where percentages increased from 46%
to 74%, and also during the summer season, with an increase from 44% to 64%. These
variations can be attributed to various factors, including local microclimate conditions and
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biotic processes, such as soil−plant interactions triggered by ash deposition and nutrient
input [86]. Consequently, these factors contribute to altering the response of functional veg-
etation traits [87], which reinforces the observed changes in hemicryptophyte abundance.
The differential response of hemicryptophytes to prescribed burns in different seasons
may be influenced by specific local microclimate conditions and biotic processes, such as
soil−plant interactions triggered by ash deposition and nutrient input [88,89]. The absence
of a similar response in the spring burning season could be attributed to factors such as the
timing of the burn not coinciding with optimal growth conditions for hemicryptophytes or
different ecological conditions resulting from spring burns [90]. Further research is needed
to explore these factors and their implications for hemicryptophyte dynamics and response
to fire events across different burn seasons.

Regarding fire-adapted traits, our research reveals a noteworthy rise in the vegeta-
tion cover percentage of resprouters in the PB plots compared with the C ones during
each season, which was consistently observed across all of the scenarios. This increase
in resprouters is attributed to the low intensity and severity of PBs, which prevent the
application of underground heat needed for the germination of the existing seed bank [36].
Resprouters effectively capitalize on the nutrient-rich environment created by post-burning
ashes; hence, their recovery and prevalence are enhanced [91]. These findings reinforce the
observations made regarding life form dynamics and the observed increases that primarily
result from ground-level sprouting mechanisms.

The results obtained in our study highlight the importance of the microclimate in
shaping vegetation responses following prescribed burns. Microclimatic conditions, such as
temperature, moisture, and light availability, play a crucial role in determining the success of
post-fire regeneration and the establishment of different plant forms. The observed increases
in hemicryptophytes and geophytes can be attributed to favorable microclimatic conditions
that promote their underground regeneration and nutrient uptake [92,93]. Additionally,
the prevalence of resprouters in the prescribed burn plots suggests that the microclimatic
conditions created by low-intensity burns facilitate their recovery and persistence [94].
Understanding the intricate relationship between microclimate and vegetation dynamics
is essential for effective management strategies and the conservation of biodiversity in
fire-prone ecosystems.

4.3. Future Evaluations on the Effects of Preventive Treatments in Forest Management

Despite the growing understanding of the short-term effects, there is still a lack of
knowledge regarding the long-term implications of prescribed burns on vegetation com-
munities, highlighting the need for further research in this area, and we will ensure that we
address the potential limitations of our study and the importance of long-term monitoring
in assessing community changes beyond the first year of succession. To fully understand
the long-term implications of PBs on vegetation communities, including changes in life
form coverage, diversity, and fire adaptation, further research is needed. This should con-
sider the dynamic nature of post-fire succession, the potential influence of competition and
light availability, and the persistence of the observed differences over time. By addressing
these aspects, we can develop more informed management strategies for fire-prone ecosys-
tems and advance our understanding of vegetation dynamics in response to changing
environmental conditions.

In our study focusing on burning seasons, we recognize the importance of considering
plant physiological differences throughout the growing season as potential explanations for
our results. Plant physiology, including photosynthetic activity, water-use efficiency, and
nutrient uptake, influences plant responses to environmental factors such as prescribed
burning. Seasonal variations in physiological traits have been documented to affect plant
growth and survival [95]. Moreover, fire-adapted species thriving in post-fire environments
have been well studied [96,97]. Understanding the seasonal dynamics of plant physiology
could provide further insights into the mechanisms driving observed patterns, contributing
to more effective ecosystem management strategies.
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Based on our results, we recommend the following management guidelines: (1) careful
consideration of burning season based on specific objectives; (2) incorporation of spatial
heterogeneity in prescribed burning; (3) regular monitoring and adaptive management; and
(4) engaging stakeholders to support conservation efforts. These guidelines can optimize
vegetation responses and enhance the resilience of fire-prone ecosystems.

5. Conclusions

PB aims to reduce fuel availability and promote the establishment of fire-adapted
vegetation. In our study, we investigated the effects of PB on plant communities one year
after treatment. The results revealed significant differences between PB and control plots, in-
dicating changes in community composition following low-intensity fire application. While
dominant species persisted, their relative abundance decreased. Notably, we observed an
increase in hemicryptophytes and geophytes, which are indicative of fire-adapted traits.
This shift towards fire-adapted vegetation enhances the ecosystem resilience to future fires.

Our findings have important implications for improving fire prevention strategies in fire-
prone ecosystems. However, to better understand the impact of these changes on biodiversity
patterns, including life form classifications and fire-adapted traits, further research is needed,
especially considering the influence of changing climatic conditions. Our study contributes to a
better understanding of the ecological consequences of PB, the seasonality of their application,
and their impact on vegetation diversity in fire-prone ecosystems.

To facilitate the practical application of our research, we recommend developing a
common framework for a practical guide or monitoring protocol to assess the ecological
effects of PB. Future research should focus on deepening our understanding of PB effects
across different seasons, examining medium- to long-term changes, exploring plant−soil
interactions, and evaluating the impacts of PB on soil physical-chemical and microbiological
properties. Additionally, assessing the regeneration of chemical compounds and the
photosynthetic rate in vegetation following PB would provide valuable insights.

Continuing this research line will contribute to a comprehensive understanding of the
ecological implications of PB, enabling informed decision making and the development
of effective strategies for managing fire-prone ecosystems. Moreover, it will support the
establishment of monitoring protocols to assess the ecological effects of PB and improve
the management of fire-prone ecosystems. It is important to acknowledge the study’s
limitations and consider the long-term implications. Further research is needed to explore
the dynamics of post-fire succession, including changes in life form coverage, diversity,
and fire adaptation, and to determine the persistence of observed differences over time. By
addressing these knowledge gaps, we can develop more precise and informed management
strategies for fire-prone ecosystems, considering the complex interplay of ecological factors
in shaping post-fire vegetation dynamics.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/fire6080283/s1, Figure S1: Graph of precipitation (mm) during
the study period (2016–2020) compared to the historical average (1980–2010) of the study area, Beteta
(Spain). Dashed lines depict the historical average. The continuous line refers to the precipitation for
the study period (2016–2020). The gray area denotes the deviation between the historical average and
that of the study. 2016 Spring Prescribed Burn = PB SPRING; 2017 Prescribed Burn = PB AUTUMN;
2019 Summer Prescribed Burn = PB SUMMER; Table S1: Preliminary characterization of terrain
and vegetation in the research area. Mean values and standard deviations; Table S2: Preliminary
characterization (Pre-burned) of physico-chemical soil parameters in the research area. Mean values
and standard deviations.
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