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Abstract 

Predictions of climate change project a future with an increasing incidence of fires. Prescribed burning, 

as a valuable tool for silvicultural management, might successfully reduce the severity and the intensity of 

subsequent wildfires, although with different effects on the individual tree. This is the reason why short term 

effect of prescribed burning in litterfall biomass is being evaluated in a network of experimental plots (18 

plots of 50 m x 50 m) in pure (Pinus nigra Arn. ssp. salzmannii) and mixed (Pinus nigra 89% and Pinus 

pinaster Ait. 11%) stands in two sites (El Pozuelo and Beteta) of Cuenca Mountains. An experimental design 

with 3 treatments (with 3 replicates) per site were performed (spring and autumn burning and control) and 8 

litterfall collectors per plot were installed after burning.  

Immediately after burning it was shown a short-term effect of prescribed burning in Beteta with an 

increase in amount of total litterfall in burned plots regarding unburned plots, although this effect was not 

significant in El Pozuelo there was an increase in needles. The increasing of total biomass (especially the 

amount of needles) could be an important effect determining the longevity of prescribed burning, especially 

in more productive ecosystems. Although, during the second year, the mean litterfall in burned plots is still 

higher than in control plots in Beteta, the differences have been reduced and the effect of fire has been 

weakened. The differences in the findings obtained between El Pozuelo and Beteta might be because of 

differences in pure and mixed stand structure.  

Spanish black pine (Pinus nigra) is a not serotonin species, and the persistence of the ecosystem is related 

to the productions of inflorescences and the later establishment. Some studies reported that prescribed burning 

reduces de emergence and increase the mortality of seedling during the first year. In addition, Pinus nigra 

presents regular cycles of fructification every 6-8 years which generate discontinuous pulses of natural 

regeneration. Prescribed burning two years before a pulse of fructification (maturation period of cones) could 

be critical to guarantee the regeneration. In fact, during the first and second year, and in the two zones, it was 

detected a decrease in the amount of inflorescences in the burned plots regarding unburned plots. 

In view of our findings prescribed burnings must be carefully planned in forest management, in particular 

when are aimed at regeneration in Pinus nigra pure and mixed stands, to avoid a negative impact of fire on 

the canopy. The possible dampening effect of the mixed stand is being evaluated too. The litterfall continues 

being monitored in and a complete database of litterfall in pure and mixed stands is being generated. Scarce 

information of the impact of fire in foliar and non-foliar biomass is available in Europe and more research is 

needed to confirm these preliminary results.  

 

Keywords: litterfall, prescribed burning, Cuenca Mountains, defoliation, fire severity 

 

 

Fuels treatments reduce the quantity and continuity of fuels (vertical and horizontal) to mitigate fire severity 

(Graham et al., 2004). The effectiveness of treatments may vary depending on type, amount, size, spatial 

distribution and intensity of treatments, time since implementation, ecosystem type, topography, geographic 

location and weather conditions at the time of fire (Cochrane et al., 2012).
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Prescribed burning is a kind of treatment that removes surface fuels, kills small trees and shrubs, 

and scorches lower limbs (Finney, 2005). Hence, burning under controlled conditions allows reduce 

temporarily potential fire intensity (Fernandes and Botelho, 2003; Agee and Skinner, 2005) and 

reduces the severity of wildfire (Wimberly et al., 2009; Arkle et al., 2012). However, their effects (in 

both the short and long terms) on the vegetation are complexes and they vary affecting different parts 

of the individual tree (roots, bark, stem, crown, etc). In this study, special attention is given to the 

effect of the prescribed burning on crown trees. For this reason, monthly monitoring of litterfall has 

been carried out in unburned and burned plots. This information may be important in management 

decisions to determinate time between prescribed burnings. Furthermore, the negative impact of fire 

on forests is expected to increase in the future since model predictions indicate increased frequency, 

intensity and severity of forest fires due to land-use change and climate change (Flannigan et al., 2009). 

For the purpose of this study pure stands of Pinus nigra (Spanish black pine) and mixed stands of 

Pinus nigra and Pinus pinaster (maritime pine) have been chosen. Spanish black pine is resistant to 

low intensity surface fires due to the thick bark characteristic of the species (Fulé et al., 2008; Touchan 

et al., 2012; Pausas, 2015). However, recurrent large wildfires and total lack of capacity of this non-

serotinous pine to regenerate after fire (Espelta et al., 2003; Ordoñez et al., 2005; Fernandes et al., 

2008; Lucas-Borja et al., 2017; Christopoulou et al., 2013) threatening the permanence of P. nigra 

forests in some Mediterranean areas. In addition, the species releases its seeds early in the year, at the 

beginning of spring, and therefore no seed bank is maintained after summer wildfires (Ordoñez et al., 

2005). In Spain, the total area occupied by maritime pine that was burned between 1974 and 2010 was 

674055 ha, representing 31% of the total burned forest area. Provenance of maritime pine of Cuenca 

Mountains does not produce serotinous cones (Alía et al. 1996) but has a thick bark that may allow 

trees survival after low intensity fires. Therefore, it is important to determine the level of impact of 

prescribed burnings in the production of inflorescences with the aim of guaranteeing the persistence 

of stands. In addition, several authors have reported higher stability of mixed species stands than of 

monocultures (e.g. Schütz et al., 2006; Felton et al., 2010). In fact, species composition is an important 

consideration for managers wanting to develop resilient stand with prescribed burning.  

This study is a first attempt to compare litterfall patterns in pure stands of P.nigra and mixed stands 

of P.nigra and P. pinaster after execution of prescribed burning to prevent forest fires. Although in 

this paper only the effect of spring burning will be analyzed, the study is part of a more comprehensive 

research study on the impacts of prescribed burning (soil, vegetation, tree heating of trunks and 

growing) conducted under tree canopies, in two different seasons (spring and autumn).  

 

 

 

Two sites in the Cuenca Mountains, El Pozuelo (40º 33' 36'' N / 002º 15' 56'' W) and Beteta (40º 33' 

06'' N / 002º 06' 32'' W), were chosen for the study. Both areas have slopes between 3 and 10% and 

altitude between 1015 and 1294 m a.s.l. The climate in the area is humid Mediterranean (Allué, 1990), 

with mean annual temperature of 10.7 ºC and an average precipitation in summer months (maximum 

litterfall season) of 56 mm. The soil is calcareous (Lucas-Borja et. al., 2017). The mean shrub cover 

in both zones is in a range of 5-20% and pine regenerated has irregular distribution. El Pozuelo has a 

mean density of 627 trees ha-1 (mixed stand of Pinus nigra and Pinus pinaster) and an average height 

of 12.2 m with the first living branch appearing at 6.4 m. The mean breast diameter is 19.8 cm. The 

basal area is 25.4 m2 ha -1. Beteta has a mean density of 1286 trees ha -1 (pure stand of Pinus nigra) 

and an average height of 13.2 m, with the first living branch appearing at 8.2 m. The mean breast 

diameter is 18.8 cm. The basal area is 36.6 m2 ha -1.  
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As mentioned, the study is part of a wider study being carried out in El Pozuelo and Beteta. A 

network of experimental plots (12 plots: n=6 in El Pozuelo and n=6 in Beteta) of 50 m x 50 m were 

established. Two treatments (spring burning and control) with a three replicates per treatment were 

applied. Subplots of 30 m x 30 m were established in the centre of each plot to avoid the edge effect. 

Data collection is being carried out in subplots. The plots are fairly homogeneous in terms of 

vegetation, density, orientation, etc. Plots P2C, P5C, P9C represent the control plots and plots P3B, 

P4B, P6B represent the burned plots in El Pozuelo. Plots B1C, B3C, B9C represent the control plots 

and B2B, B5B, B6B represent the burned plots in Beteta.  

All the trees in each of the 12 plots were identified, and the following measurements were made: 

total height, height to the first live branch, diameter at heights of 0.3, 0.6 and 1.3 m from the base and 

maximum and minimum bark thickness at 0.6 m from the base  

 

Prescribed burnings were carried out taking into account the usual season in the region (spring 

burning were carried out in May 2016). The strip ignition technique was applied at distances of 1-2 m, 

at downhill and with a head wind. During burnings, precipitation (Ortrat, S.L.; KW 3-02), wind speed 

(Casella; 178031C-3), temperature and relative humidity (Geonica; STH-5031) were recorded every 

10 minutes at a meteorological station. The temperatures of the cambial (inner bark) and bark region 

(outer bark) of 15 randomly selected trees were monitored at a height of 0.6 m (height of maximum 

heating according to prescription) with type K 1 mm diameter inconel-sheathed thermocouples (0.3 s 

of response time). The thermocouples were connected to data loggers (DT-USB TCDirect®), which 

recorded the data with a frequency of 1 second. Maximum and minimum stem char height, percentage 

of crown scorch and scorch height were measured after burning.  

The characteristics of prescribed burning in each plot are shown in Table 1. The flame convection 

(chimney effect) generated a moderate mean maximum stem char height (70 cm in El Pozuelo and 160 

cm in Beteta). Thermocouples connected in inner bark recorded a mean temperature of 50 ºC in El 

Pozuelo and 41 ºC in Beteta. Temperature was higher 60 ºC during 27.7 s in El Pozuelo and 27.9 s in 

Beteta. It is commonly accepted that cambial temperatures above 60 °C may cause necrosis of the 

cambium. In outer bark, the mean temperature in El Pozuelo was 209 ºC and 279 ºC in Beteta.  

 

The litterfall collection system was designed in accordance with the recommendations outlined in 

the Manual of the United Nations Economic Commission for Europe under the project entitled 

"International Co-operative Program on Assessment and Monitoring of Air Pollution Effects on 

Forests " (ICP Forests) (Ukonmaanaho et al., 2016), to guarantee the quality and quantity of the 

sample.  

After prescribed burnings a total of 8 litterfall collectors per plot were at regular intervals installed 

in both study sites. The catchment area (0.38 m2) of collectors is horizontal to correct the effect of 

slope. The bag is 0.75 m deep to prevent the sample from being lost as a result of wind action. The 

collectors were placed at a height of 1.2 m from the ground to enable adequate drainage by gravity and 

to prevent capture of biomass from shrub strata. They were anchored firmly to the ground to provide 

greater resistance to the inclement conditions or other types of disturbance. Fiberglass mesh (pore size 

2 mm) provides resistance against external weather conditions and also ensures drainage while 

preventing loss of smaller elements, such as needles. The material was collected monthly to prevent 

decomposition of the biomass or the chemical leachate. This frequency of collection also ensures the 

easy identification of the fine elements which are rapidly compressed. Samples were taken to the 

laboratory on the same day and oven-dried at 65 °C to constant weight (i.e. for at least 48 hours). The 

samples from each plot were then combined and the main fractions separated (needles, cones, 
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inflorescences, miscellaneous, branches of diameter < 2 cm and bark) other fractions are also separated 

(but the biomass are not significant for this study). For the purpose of this paper, special attention is 

being put into the results obtained in the collected inflorescences after spring burnings. 

 

The data were tested for normality and when necessary were transformed (logarithmic and angular 

transformation). The General Linear Model (GLM) repeated measures procedure was used to perform 

an impact analysis of burning and control treatments, to identify the effect of prescribed burning on 

the above parameters. The between-subjects factor (treatment) included two levels (control and 

burning) and the within-subjects factor was the date (12 levels). Comparison of parameters between 

treatments was conducted using the Bonferroni test. All above analyses were carried out with 

STATISTICA 10.0 (Statsoft Inc, Tulsa, USA). 

Table 1 - Main traits of fire behavior and weather conditions of spring burnings in El Pozuelo and Beteta.  

Z PN T RH WS LHFc SCHmm Tmi Tmo Tmi>60 

-- -- ºC % m/s % cm ºC ºC s 

El Pozuelo P3B 20.17 53.12 0.17 16.9 32 32.8 139.8 24.5 

El Pozuelo P4B 21.97 47.47 0.81 25.8 66 61.9 312.9 17.5 

El Pozuelo P6B 22.42 42.61 1.32 38.2 113 54.6 175.3 41 

Beteta B2B 18.80 34.77 0.79 22.4 151 32.2 199.3 11.5 

Beteta B5B 20.65 33.10 0.71 18.3 150 52.4 285.0 60 

Beteta B6B 21.69 30.15 0.82 21.4 178 37.4 352.8 12.1 

Note = Z: zone; PN: plot number; T: temperature air; RH: relative humidity; WS: mean wind speed; 

LHFc: percentage of fuel load consumed (LHF); SCHmm: mean maximum stem char height; Tmi: mean 

temperature of inner bark; Tmo: mean temperature of outer bark; tmi>60: mean time that the temperature 

in inner bark was higher than 60 °C. 

 

 

 

The mean accumulated litterfall collected in control and burned plots in El Pozuelo and Beteta 

during the first and second year are shown in Table 2.  

Table 2 - The mean accumulated litterfall.  

P PT El Pozuelo Beteta 

-- -- kg ha-1 kg ha-1 

May 2016 – April 2017 Control 
3171 

(649) 

2028 

(530) 

May 2016 – April 2017 Burned 
3257 

(598) 

3520 

(135) 

May 2017 – April 2018 Control 
3537 

(583) 

2585 

(762) 

May 2017 – April 2018 Burned 
2991 

(191) 

3120 

(327) 

    Note = P: Period of time; PT: Plot treatment. 
 

In El Pozuelo, litterfall peak took place in September during the first year, both in unburned and 

burned plots (670 kg ha-1 y 525 kg ha-1 respectively). In the second year the maximum took place in 

August for both unburned and burned treatments (917 kg ha-1 and 684 kg ha-1 respectively). The 

minimum peak occurred in December of the first year for the two treatments (37 kg ha-1 y 28 kg ha-1 
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in unburned and burned plots). In the second year, the minimum took place in January and February 

for unburned and burned plots (84 kg ha-1 and 82 kg ha-1 respectively). 

In Beteta, during the first year, litterfall peak took place in August in untreated plots (420 kg ha-1) 

and in August-September in treated plots (574-577 kg ha-1). The same situation in August was repeated 

during the second year (785 kg ha-1 in untreated plots and 632 kg ha-1 in treated). Minimum amount of 

biomass collected occurred during December in the first year for both treatments (55 kg ha-1 and 31 

kg ha-1 in unburned and burned plots) and in February for both treatments in the second year (81 kg 

ha-1 and 55 kg ha-1 in unburned and burned plots respectively). 

In El Pozuelo, in control plots, 47% and 45% of annual litterfall, respectively for the first and second 

year, were collected during the summer (July, August and September). A similar percentage took place 

during that period, in burned plots, collecting 45% the first year and 52% the second one. But, litterfall 

came early in the second year (amount of litterfall was collected in June), reaching percentages of 60% 

and 57% in control and burning plots respectively, from June to August.  

A similar situation occurred in Beteta. In control plots during the summer, it was produced 51% of 

annual litterfall the first year and 38% the second year. Similar percentages were obtained in burned 

plots: 45% the first year and 40% the second year. As well, the second year, the level of litterfall 

collected in June was representative, reaching percentages of 48 and 45% in control and uncontrol 

plots respectively. 

In control plots from El Pozuelo, needles represented 41% and 42% of annual litterfall during the 

first and second year respectively. Similar percentage appeared in burned plots during the first and 

second year (51% and 49%).  

In control plots from Beteta, needless represented 59% and 39% of annual litterfall during the first 

and second year respectively. In burned plots this percentage was 55% and 35% in the first and second 

year.  

In El Pozuelo, inflorescences showed the same pattern during the first and second year (Fig. 1). The 

amount of inflorescences in burned plot decreased regarding to unburned plots especially during the 

months of maximum litterfall in this fraction (May, June and July). In fact, 46% less inflorescences 

were trapped in burned plots during the first year. This percentage was slightly less during the second 

year (45%). After the months of maximum litterfall, the differences between burned and unburned 

plots were barely noticeable. This same pattern was repeated in Beteta during the two years for which 

data are currently available (42% less inflorescences in burned plots during the first year and 18% less 

in the second year).  
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Figure 1 - Inflorescences (kg ha-1) collected in El Pozuelo during 1st year (a), in El Pozuelo during 2nd year (b) in 

Beteta 1st year (c) and in Beteta 2nd year (d). Control in solid line and burned in dashed line. Control plots (n=3), 

burned (n=3). Bars show standard errors. Significant differences (ANOVA repeated measurements, Bonferroni test 

p<0,05) are detected in June-July (El Pozuelo) and June (Beteta) for 1st and 2nd year after burning.  

 

 

Litterfall is one of the main components of net primary production (NPP) (Hansen et al., 2009) and 

along with root recycling, more than half of the nutrients absorbed by all are represented (Binkley, 

1986). Our findings suggest that prescribed burning might change the patterns and regimes of litterfall 

biomass, at least in the short time (Espinosa et al., 2017). In fact, although the amount of total litterfall 

in burning plots of El Pozuelo was not significant regarding control plots (only ≈3% more litterfall in 

burning plots) an increase in needles in the two months after prescribed burning was observed. Beteta 

there was a short-term effect of prescribed burning in the amount of total litterfall with an increase of 

≈74% in burning plots regarding control plots. The increasing of total biomass (especially the amount 

of needles) may be an important effect determining the longevity (time since last burning) of prescribed 

burning, especially in more productive ecosystems. Thus, the short term impact of treatment and the 

recovery of fuel and structure may result decisive to evaluate the effectiveness of prescribed burnings 

(Mirra et al., 2017). 

During the second year, in maximum litterfall season (June-August) in El Pozuelo it was observed 

that the mean litterfall is higher in control plots than in burned plots. In Beteta, although the mean 

litterfall in burned plots was still higher than in control plots, the differences have been reduced and 

the effect of fire has been weakened. This may be due to the immediate effect of fire that dampen over 

the years and it is expected that the amount of biomass collected will be stabilized to ordinary values 

in subsequent years. Although there is scarce information in Europe assessing the effect of fire on 

litterfall biomass, there are some studies that evaluate the effect of silvicultural treatments, such as 

thinning, with similar results (e.g. Roig et al., 2005, Blanco et al., 2006). The differences in the findings 

obtained between El Pozuelo and Beteta might be because of differences in pure and mixed stand 

structure. Natural disturbances, including fires, disrupt ecosystem structure or function for time periods 

longer than the current seasonal vegetation cycle (Jactel et al., 2009). Mixed stand might contribute to 

maintain the stability of ecosystems and biogeochemical cycles. In fact, there is consensus that a 

minimum number of species is essential for ecosystem functioning under constant conditions (Loreau 

et al., 2001). In the second year, the total amounts of biomass collected increased with respect to the 

first year, which may be due to extraordinarily dry summer registered that year in the study area. In 

some Mediterranean species, the greatest flow of litterfall is gradual due to factors such as the longer 



Advances in Forest Fire Research 2018 - D. X. Viegas (Ed.) 

Chapter 3 – Fire Management 

 

Advances in Forest Fire Research 2018 – Page 398  

 

duration of the light period (which leads to an increase in growth hormones) as well as temperature 

increases and factors such as water stress. In fact, Pausas et al., (1994) found high intrannual variability 

in the analysis of litterfall due to climatic variability along a bioclimatic gradient. 

One of the effects observed during the first year from May to July (months just after the burns) and 

in the two zones, was a decrease in the inflorescences in the burned plots regarding the unburned ones 

(Fig. 1a, 1c). This effect has been maintained in the second year also in the two zones (Fig. 1b, 1d). In 

Beteta, 42% less quantity of inflorescences was collected in burned plots than in unburned plots and 

this percentage was maintained in the second year (46%). In the case of El Pozuelo during the first 

year it was 46% less and in the second year this amount was 45% less in burned plots. Pinus nigra is 

a species able to tolerate low surface fires (Fernandes et al., 2008; Fulé et al., 2008). Despite this, its 

distribution has been reduced dramatically in mountains areas of the Mediterranean region (López 

Serrano et al., 2009). Spanish black pine is not serotonin, and the persistence of the ecosystem is related 

to the productions of inflorescences and the later establishment. In fact, many factors are cited 

hindering the regeneration in Pinus nigra stands (including forest fires), masting, dry summers over 

consecutive years or excessive grazing (Lucas-Borja et al., 2017). As well, Lucas-Borja et al. (2016) 

reported that prescribed burning reduces de emergence and increase the mortality of seedlings during 

the first year as regards control plots. In addition, Pinus nigra presents regular cycles of fructification 

every 6-8 years which generate discontinuous pulses of natural regeneration. Consequently, burns two 

years before a pulse of fructification (maturation period of cones) could be critical to guarantee the 

regeneration in some managed areas. In view of our findings prescribed burnings must be carefully 

planned in forest management, in particular when are aimed at regeneration in Pinus nigra pure and 

mixed stands.  

 

 

Pinus nigra is a non-serotype species, to guarantee the stand survival depends on the production of 

inflorescences and the success of their implantation. A decrease in the production of inflorescences in 

burned plots with respect to the unburned plots has been observed during the first and the second year 

in the two study zones. The litterfall continues being monitored in order to assess the effect of 

prescribed burning in the medium term (3-4 years) and a complete database of litterfall in pure and 

mixed stands is being generated. Moreover, the next evaluation of the number of cones two years after 

burning will ratify or not these results: if the amount of fructification were similar between plots, the 

fall of inflorescences would not be a good index of fructification potential, probably because prescribed 

burnings only affect to male flowers sited in the lower parts of the crown. But, if the number of cones 

were higher in the control plots, we could assume that prescribed burning significantly affects the 

regeneration potential in Pinus nigra stands. It is well known that prescribed burning is a tool for forest 

fuel management that can contribute to the reduction of severity of forest fires. But, its inclusion must 

take into account the peculiarities of each forest ecosystem, evaluating the affections to each part of 

tree. Litterfall is an important phenological indicator of climate change. Some studies have shown the 

importance of climate conditions on the litter production. In our work located in Central Spain, an 

increase in litterfall biomass has been seen after a dry period. Thus a careful planning of prescribed 

burning must be done under extreme weather conditions. 

Scarce information of the impact of fire in foliar and non-foliar biomass is available in Europe and 

more research is needed to confirm the preliminary results.  
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