N

N

Short-term effects of fire on plant cover and soil
conditions in two Austrocedrus chilensis (cypress)
forests in Patagonia, Argentina

M. Florencia Urretavizcaya, Guillermo E. Defossé, Héctor E. Gonda

» To cite this version:

M. Florencia Urretavizcaya, Guillermo E. Defossé, Héctor E. Gonda. Short-term effects of fire on
plant cover and soil conditions in two Austrocedrus chilensis (cypress) forests in Patagonia, Argentina.
Annals of Forest Science, 2006, 63 (1), pp.63-71. hal-00883957

HAL Id: hal-00883957
https://hal.science/hal-00883957

Submitted on 11 May 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00883957
https://hal.archives-ouvertes.fr

Ann. For. Sci. 63 (2006) 63-71 63
© INRA, EDP Sciences, 2006
DOI: 10.1051/forest:2005098

Original article

Short-term effects of fire on plant cover and soil conditions
in two Austrocedrus chilensis (cypress) forests in Patagonia, Argentina

M. Florencia URRETAVIZCAYA®P* Guillermo E. DEFOSSE®P, Héctor E. GONDA2

4 Centro de Investigacién y Extension Forestal Andino Patagénico (CIEFAP) and Universidad Nacional de la Patagonia,
Ruta 259, km 4, (9200) Esquel, Chubut, Argentina
b Consejo Nacional de Investigaciones Cientificas y Técnicas de Argentina (CONICET), Argentina

(Received 4 October 2004; accepted 5 July 2005)

Abstract — Early post-fire effects on plant cover, in soil temperature (0, 5, 20, and 30 cm depth) and moisture (0-16, 20-36, and 40-56 cm
depth) were analyzed for two years in two cypress stands in Patagonia, Argentina. Each stand (Trevelin = xeric and Bolsén = mesic) contained
three treatments: unburned (UN), partially (PB), and completely burned (CB). In Trevelin, 4 and 6 years after fire, understory cover increased
(CB > PB > UN) and overstory decreased (CB = PB < UN) related to the burning treatment. In Bolsén, one year after fire, all treatments had
similar under- and overstory cover, but were similar to Trevelin two years later. Soil temperature was significantly different (PB > CB > UN)
at all depths and dates only in Trevelin. Soil moisture was significantly higher in the burned treatments of both stands. While plant cover might
have protective effects and soil water appears as not limiting, high soil temperatures seem to be detrimental for post-fire cypress establishment,
especially in xeric sites.

Austrocedrus / fire / soil temperature-moisture / southern temperate forest / establishment

Résumé — Les effets du feu a court terme sur la couverture végétale et sur les conditions du sol dans deux foréts d’Austrocedrus chilensis
(cypres) en Patagonie, Argentine. On analyse ici les effets du feu a court terme sur la couverture végétale, la température (0, 5, 20, et 30 cm
de profondeur) et I’humidité du sol (0-16, 20-36, et 40-56 cm de profondeur) dans deux peuplements de cypres en Patagonie, Argentine, au
long de deux années. Les peuplements (Trevelin = xérique; Bolson = méssique) présentent trois traitements : non-brilé (UN), partiellement
briilé (PB) et totalement briilé (CB). A Trevelin, 4 et 6 ans apres le feu, la couverture du sous-bois inférieur augmenta (CB > PB > UN) tandis
que celle du sous-bois supérieur diminua (CB = PB < UN) dépendant du traitement de brilage. A Bolsén, un an apres le feu, la couverture des
deux étages du sous-bois fut la méme pour les trois traitements, quoique deux ans plus tard la situation se rapprocha de celle de Trevelin. Seule
a cet endroit, la température du sol montra des différences significatives (PB > CB > UN) a chaque profondeur et a chaque date. Dans les deux
peuplements, I’humidité du sol a été nettement plus haute pour les traitements briilés. Tandis que la couverture végétale pourrait avoir des effets
de protection et que I’humidité du sol n’apparait pas comme étant limitative, les hautes températures du sol semblent étre restrictives pour
I’établissement des cypres a la suite du feu, notamment dans les sites xériques.

Austrocedrus / feu / température / humidité du sol / forets tempérées / établissement

1. INTRODUCTION may increase its temperature for months, or even years, due to

the direct radiation received [33, 35]. The subsequent changes

One of the main effects of fire on forest communities is the
opening of gaps of various sizes in which the normal radiation
regime is altered, producing substantial differences in micro-
climate between newly burned and unburned canopy-covered
areas [7]. In burned areas, soil surface is affected by both, the
immediate and direct effect of heat caused by the actual fire,
and by the additional and long-lasting effects of absorbed radi-
ation received by the blackened surface after the fire has passed.
Apart from the damage caused to aboveground biomass, fire
can alter same properties of the soil, mainly due to the rapid
combustion of the organic matter located on its surface [1, 11].
If the organic horizon is consumed, the exposed mineral soil
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in soil temperature and other soil properties caused by fire will
certainly influence post-fire community succession, and may
affect nutrient cycling, water relations, microbial community
structure, and seedling establishment [11, 12, 35].

In northwestern Patagonia the Austrocedrus chilensis
(D. Don) Pic. Ser. et Bizzarri forests (locally called cypress)
occupy 140 000 ha. Stands occur along a narrow strip between
37° 08' 09" and 43° 43' 57" S and 71°49' 18" and 70° 30' 29" W
[6]. This 50 km wide strip of forest comprises one of the most
extreme west-east precipitation gradients in the world [50].
Cypress is a long-lived species [29] and forms dense, mixed
stands with Nothofagus dombeyi (Mirb.) Oerst. (locally called

http://dx.doi.org/10.1051/forest:2005098
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coihue) in humid sites, pure stands on drier sites, and open
stands on xeric sites near the ecotone between the forest and
the Patagonian steppe. Fire is the main disturbance associated
to the dynamics of cypress forests [49].

In these forests, the natural fire regime varies according to
the precipitation regime. In general, fire frequency increases
from the humid sites in the west, towards the xeric sites in the
east [22]. In the past, fire frequency increased in the majority
of cypress stands after 1850, coincidentally with an increase in
number of indigenous people that inhabited the region and the
beginning of European settlement. This frequency peaked at
the end of the Xixth century, and started to decline from then
on because indigenous population decreased, and the creation
of several National Parks in the region brought about the policy
of fire suppression [48].

Intense fires produce severe cypress damage and mortality,
since this species has a very thin bark and is unable to sprout
[49]. After a fire event, however, cypress establishment seems
to be influenced by site conditions, being rapid in humid and
mesic sites and slower in xeric areas [24, 49]. Since this species
reproduces almost exclusively by seed, regeneration is condi-
tioned by the chance of seeds to find “safe sites” (sensu Harper
[18]) where they can successfully germinate and become estab-
lished. This series of events depends on the availability of ger-
minable seeds, restrained by the distance to the mother tree
because of its low dispersal capacity [14, 49], and a transient
seed bank [47], the occurrence of favorable weather periods
[51], and the presence of a propitious soil microsite. In
unburned vegetation, the protection provided by understory
vegetation seems to benefit cypress stand recruitment [16, 44].

During the last decade, fires affected 77 000 ha of native for-
ests in the Provinces of Rio Negro and Chubut [38, 46]. Within
these provinces, cypress forest were the most affected after Notz-
hofagus antarctica (Forst. F.) Oerst. (locally called 7iire) for-
ests. In general, fires are of anthropogenic origin (accidental
and/or intentional), being less frequent those produced by nat-
ural causes [13]. The possibility of occurrence of big, intense
fires has increased because the reduction in fire frequency
caused by the suppression policy implemented in the XXth cen-
tury allowed the accumulation and continuity of fine fuels [23].

Some studies have dealt with the dynamics of cypress stands
at different time-span periods after fire events [15, 17,22, 51].
However, little emphasis has been placed on the importance
that microenvironmental and biotic conditions achieved in the
first successional stages after the fire, especially plant cover and
soil temperature and soil moisture, may play in seedling
dynamics. The occurrence of dry periods, high temperatures
and scarce water availability during the growing seasons are
known as limiting factors for the establishment, survival and
growth of several forest species [26] similar to what might hap-
pen with cypress. The objectives of this study were to charac-
terize: (a) the temporal changes in plant cover in cypress stands
completely burned, partially burned and unaffected by fire
(unburned); (b) the seasonal dynamics of temperature and
moisture at various soil depths in these burned and adjacent
unburned areas, and (c) how changes in plant cover and tem-
perature and moisture in the soil caused by fire may affect
cypress seedlings establishment.

2. MATERIALS AND METHODS

2.1. Study area

A similar study was carried out during the years 2000 to 2002 in
two pure cypress stands located 220 km apart within the southern por-
tion of the distribution area of cypress in Patagonia. The first stand,
called Trevelin (43° 12'57" S, 71° 31' 15" W), located close to the city
of Trevelin in Chubut province, had been burntin December 1996. The
second study, referred to as Bolsén, was located in the Loma del
Medio-Rio Azul Forest Reserve (41°59'02" S, 71° 33' 20" W), in the
outskirts of E1 Bolsén town, in Rio Negro province, and had been burnt
in January 1999. The unburned portion of the Trevelin stand was 44.2
years old (+ 6.7) and had 958 cypress ha~!, with a dominant height of
13 m, and a quadratic mean diameter (QMD) of 18.7 cm. The unburned
fraction of the Bolsén stand was 81.4 years old (+ 6.2) and had 864
cypress ha=!, with a dominant height of 18 m, and had a QMD of
20.7 cm. Soil parent material was volcanic ash on both study sites [8,
9]. While the Trevelin stand presented a glacifluvial lithological dis-
continuity [28] and an A horizon with silty-clay texture, the Bolsén
stand showed a very deep soil and an A horizon with loamy texture.

The climate in both study sites is temperate, with 75% of the annual
precipitation falling between April and September (late fall and winter
in the Southern Hemisphere). Spring and summer are generally warm
and dry [10]. Mean annual temperature and precipitation are 8.2 °C
and 684 mm in Trevelin [3] and 9.9 °C and 921 mm in Bolsén [7].
Trevelin could be considered a xeric site while Bolsén would be mesic.
Precipitation fallen during the first growing season considered in this
study (2000-2001) was 187% and 156% higher than mean climatic values
registered for Trevelin and Bolsén, respectively, while for the second
growing season (2001-2002), by contrast, these values diminished to
49% and 60% for each site, respectively. Taking these values into con-
sideration and according to other authors [24, 31], the first growing
season was considered in this study as humid, while the second as very
dry.

2.2. Stands selection and sampling procedure

Within each stand, an area was identified in a way that, containing
the fire line, presented similar characteristics related to local condi-
tions such as slope and exposure as well as similarities in stand struc-
ture before the fire took place. The size of the study area was 144 m
by 44 m in Trevelin stand and 128 m by 64 m in Bolsén stand. Each
study area included three contiguous but different levels of fire dis-
turbance: Unburned (UN): a sampling area upon which no cypress
trees or its understory had been affected by the fire; Partially Burned
(PB): sampling area had been affected by fire, burning its understory
and overstory, but contained living cypress trees; and Completely
Burned (CB): in which the understory and overstory of the sampling
area had been affected by fire, and presented no surviving cypress trees
around them. Each level of fire disturbance was considered to be the
treatments in each study. The Trevelin study area was fenced to pre-
vent grazing by large herbivores (mainly cattle) but this was not nec-
essary at the Bolson study area. Fifteen 40 m?2 circular plots were
randomly established within each study area. These plots were the
sampling units in which the different response variables were mea-
sured. Since the resulting number of plots per treatment was uneven,
we used an unbalanced experimental design.

2.3. Plant cover

Understory and overstory cover was assessed separately by sub-
sampling each sampling unit. In the case of understory cover, five cir-
cular subplots 2.4 m in diameter were established in each sampling
unit. One subplot was located at the center of the sampling unit, while
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the other four were equidistant from one another. Understory cover
was determined by visually estimating the percentage of soil surface
covered by plants in each subplot, dividing it into four quadrants to
simplify the procedure. A mean value per sampling unit was obtained.

In each sampling unit, overstory cover was determined in the center
of the five subplots established to measure understory cover. Over-
story cover was measured at 1.30 m aboveground with a Spherical
Densiometer Model A. At each point, four readings were recorded,
each one facing to a cardinal point, according to the technique pro-
posed by Lemmon [30]. This cover, thus, included live and dead trees
as well as shrubs at least 1.5 m tall.

Atthe beginning of the study, cypress regeneration was determined
by counting the seedlings of this species that were smaller than 5 cm
of diameter at breast height (DBH). Four categories were differenti-
ated in relation to the size of regeneration. Plants whose height was
below 20 cm were considered as belonging to category 0; those from
20 to 50 cm in height to category I; from 50 to 130 cm in height to
category II; and those whose height was above 130 cm but their DBH
was below 5 cm, to category III. Cypress seedlings belonging to cat-
egory 0 were counted in 18 m2 concentric plots within each 40 m? plots
on which the other categories were counted.

2.4. Soil temperature and moisture

Soil temperature was measured at four different depths on several
points (subsamples) within each sampling unit. Soil temperature at
depths 0 and 5 cm (ST-0 and ST-5) was measured on five points in
each sampling unit, on the same points where overstory cover was
determined. Temperature at depths 20 and 30 cm (ST-20 and ST-30)
was measured only in two points, randomly selected among those five
due to smaller variation associated with soil depth. Temperature at all
depths was measured from September 2000 to April 2002, every 20 days
during spring and summer and every three months during fall and win-
ter. Temperature at the soil surface was measured between 14:00 and
14:30 h, and ST-5, ST-20, and ST-30 between 14:00 and 17:00 h. Sur-
face temperature was measured with a laser thermometer (Cole Parmer
SM 39650-02), and ST-5, ST-20 and ST-30 with thermocouple ther-
mometers (Cole Parmer Digi-Sense Model NO 91100-50).

Soil moisture of three different soil layers, O to 16 cm (SM-0), 20
to 36 cm (SM-20), and 40 to 56 cm (SM-40), was measured at several
points (sub-samples) within each sampling unit. SM-0 was measured
on five points in each sampling unit in the same points where ST-0
and ST-5 were determined; SM-20 and SM-40 were measured in one
point on the edge of the sampling unit. From September 2000 to April
2002 SM-0 was measured at the same time intervals as temperatures.
Soil moisture in the other two layers (SM-20 and SM-40) was meas-
ured in April and October 2001, and in January and April 2002, each
time in a different location along the edge of the sample unit. SM-0
was determined between 10:00 and 12:00 h and in SM-20 and SM-40
between 14:00 and 17:00 h. Soil moisture was measured with a TDR
IMKO Trime FM-3 hand-held moisture meter with P3 sensors 16 cm
long.

2.5. Design and analyses

On both study sites, the effects of the treatments on understory and
overstory were analyzed separately for each year with ANOVA tech-
niques. The same technique was used to analyze cypress regeneration.
Multiple comparison of means to test significant differences among
treatments were analyzed with Tukey-Kramer test. This test is a mod-
ification of Tukey test for unbalanced designs [45]. The effects of the
treatments on temperature and moisture at different soil depths
through time were analyzed with repeated measures analysis of vari-
ance [53] because measurements were taken on the same experimental
unit. In this case where the tests involve only between-subjects effects,

both multivariate and univariate approaches give rise to the same test
[45]. The Tukey-Kramer test was used to determine significant differ-
ences among these variables.

3. RESULTS

3.1. Plant cover

In Trevelin, the effects of the fire treatments on plant cover
showed a similar pattern four (2000) and six (2002) years after
fire (Figs. laand 1b). Understory cover increased in direct rela-
tion to the degree of burning (CB > PB > UN), and the differ-
ences among treatments were significant (p < 0.01). The
percentage of cover was about 80%, 40% and 10% in CB, PB,
and UN treatments, respectively, for both years (Fig. 1a). Over-
story cover, by contrast, showed an inverse pattern (UN > PB >
CB), being significantly higher (p < 0.01) in the UN (60%) as
compared to PB (25%) and CB (20%) (Fig. 1b). The presence
of cypress regeneration of all sizes was absent in CB, and in
all butin Category I in PB. All these values were significantly
lower (p < 0.05) with respect to UN (Tab. I). No further seed-
ling establishment was observed during the rest of the study
period.

In Bolsén, results in the year 2000 were different from those
obtained in the year 2002. In 2000, both covers (Figs. 1c and
1d) were not significantly different in all plots regardless the
degree of burning. By contrast, in 2002, understory cover
increased (p < 0.01) in direct relation to the degree of burning
(CB > PB > UN), while overstory cover decreased (p < 0.01)
in the PB and CB treatments related to UN. In this site, cypress
regeneration was absent for CB, while it took intermediate val-
ues for PB as compared to CB and UN (Tab. I). The individuals
counted in PB are those which survived the fire event.

3.2. Soil temperature

In Trevelin, soil temperature in the PB and CB treatments
was significantly higher (p <0.01) than in UN at all soil depths
and during the whole study period (Figs. 2a to 2d), these dif-
ferences being of higher magnitude during the growing season.
In these seasons, in PB treatment, ST-0 and ST-5 reached 57 °C
and 31 °C, respectively. In the CB treatment, ST-0 and ST-5
reached 49 °C and 29 °C, while in UN, never exceeded 42 °C
and 22 °C, respectively. In Trevelin, ST-0 recorded in the UN
treatment exceeded 40 °C only once during the first summer,
while in PB and CB, ST-0 remained above 40 °C for three and
two months, respectively (Fig. 2a). Below soil surface, ST-5
went above 20 °C only once (in February of 2002) for the UN,
while for PB and CB these temperatures remained above 20 °C
for about five months for the first year and for four months for
the second year, respectively. Deeper into the soil, the pattern
of ST-20 and ST-30 was similar to that described for ST-0 and
ST-5, although temperatures were of lower values.

In Bols6n, by contrast, soil temperature during the study
period was similar in the three treatments at all depths (Figs. 2e
to 2 h). One year after the fire event, ST-0 reached 37 °C and
42 °C in the PB and CB treatments, and 44 °C in the UN. On
the second growing season, ST-0 never exceeded 39 °C in the



66 M.F. Urretavizcaya et al.
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Figure 1. Mean percentage (+ one standard error) of understory (a, ¢) and overstory cover (b, d) for Trevelin and Bolsén, measured in 2000
and 2002. Lower case letters above bars indicate significant differences at (p < 0.05) among treatments.

Table L. Cypress regeneration, expressed as individuals ha=! (+one standard error) per treatment in both study areas. Treatments showing dif-
ferent letters indicate significant differences at p < 0.05 for every category and within each study area.

Trevelin Bolsén
Regeneration UN PB CB UN PB CB
Cat. 0: <20 cm height 17592 a 0b 0b 56983.6 a 3 888.8 ab 0b
(= 804.0) (x21333.3) (+3333.3)
Cat.I: >20cm and < 50 cm height 3291.6a 0Ob 0Ob 1.0417a 125.0 ab 0b
(£22934) (= 553.1) (= 125.0)
Cat. II: > 50 cm and < 130 cm height 2 666.6 a 833b 0b 666.7 a 0b 0b
(x1333.3) (+83.3) (+368.9)
Cat. III: > 130 cm height and < a 5 cm DBH 2791.6a 0Ob 0Ob 9783 a 250.0 ab 0Ob
(+820.1) (x430.2) (+250.0)

UN, butreached peaks of 55 °C and 40 °C on PB and CB, respec-
tively. Although ST-5 showed no significant differences
among treatments during the whole study period, it did show
significant differences (p <0.01) between CB and UN during

the spring of the first growing season (2000, Fig. 2f). These
differences, of about 4 °C, occurred concomitantly with the
higher ST-0 registered the first growing season after the fire
event (2000-2001).
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Trevelin Bolson
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Figure 2. Soil temperature (average + one standard error) at different depths measured during September 2000 and April 2002 in Trevelin and

Bolsén, respectively. ST-0, ST-5, ST-20, and ST-30, represent soil temperatures at 0, 5, 20 and 30 cm in depth respectively. Shaded areas repre-
sent the growing seasons.
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Figure 3. Soil moisture (average + one standard error) at different depths measured during September 2000 and April 2002 in Trevelin and
Bolson, respectively. SM-0, SM-20, y SM-40 represent soil moisture between 0 and 16 cm, 20 and 36 cm, and 40 and 56 cm in depth respectively.

Shaded areas represent the growing seasons.

3.3. Soil moisture

In Trevelin, soil moisture showed significantly higher dif-
ferences (p <0.01) among depths and treatments. Considering
the whole study period, SM-0 and SM-20 were higher on PB
and CB in relation to UN, while SM-40 was higher only in CB
(Figs. 3ato 3c). Although the pattern of variation in SM-0 was
similar for all three treatments, the range of values was differ-
ent. For example in CB treatment, SM-0 reached values higher
than 50% during spring of the first growing season and up to
the following winter, descending to 11% during the next season
(very dry). Inthe UN, by contrast, SM-0 never exceeded 28%,
descending to 5% during the very dry season. Absolute differ-
ences in SM-0 between CB and UN were always higher than
4% (Fig. 3a). In all three treatments, SM-20 and SM-40 also
showed a similar pattern of variation. At these two depths, soil
moisture in CB varied between 17% and 32%, while in UN var-

ied between 8% and 24%. The CB treatment always showed
soil moisture content that was, in average, 9% higher as com-
pared to UN, except in April 2002, when it was only 6% higher.

In Bols6n and during the whole study period, SM-0 and SM-
20 were significantly higher (p < 0.05) in treatments CB and
PB as compared to UN, while SM-40 was significantly higher
(» < 0.05) in CB as compared to UN (Figs. 3d to 3g). In this
site, maximum values in SM-0 differed among treatments for
the first season (46% in CB and PB, 39% in UN), while for the
second season (very dry) the minimum value was similar for
the three treatments (Fig. 3d). The pattern of soil moisture var-
iation was similar at SM-20 and SM-40 for all three treatments
but, as reported for Trevelin, CB was the treatment that pre-
sented the highest moisture values, and UN, the lowest. Mois-
ture variation ranged from 17% to 42% for CB, while it was
7% to 33% for UN.
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4. DISCUSSION

4.1. Plant cover

In Trevelin, understory and overstory cover had not varied
too much between the fourth (2000) and the sixth (2002) year
after the fire had taken place, because four years after the fire
event, most of the remaining snags had already fallen and the
herbs had had the chance to spread along the partially and com-
pletely burned areas. In Bolsén, by contrast, one year after the
fire (2000), burned trees were still standing, and the herbaceous
species just started to establish. Similar results were reported
for Pinus halepensis Mill. Forests in the Iberian Peninsula,
where eight months after the fire, the herbaceous strata did not
show any association with the severity classes considered [39].
In Bolsén three years after the fire, understory vegetation had
already colonized the burned areas, and plant cover showed a
similar pattern as the one observed in Trevelin. Similar pattern
of herbage recovery, decrease of bare soil areas and lack of
regeneration 15 years after a fire were reported by Gobbi and
Sancholuz [17] for another cypress forest. The understory and
overstory observed in both sites at the end of the study period
does not appear as a limiting factor that would deleteriously
affect early cypress seedling establishment. This consideration
is based upon the results reported by other studies, which dem-
onstrated the positive relationship that exist among herbaceous
and shrub cover and cypress seedling establishment [16,24, 44].

4.2. Soil temperature

The high soil temperatures recorded for the burning treat-
ments (PB and CB) in Trevelin, significantly higher than those
of UN treatment, can potentially limit cypress establishment
since growth of woody plants seedlings at the cotyledon stage
of development are particularity sensitive to temperature
extremes [26, 27]. The combination of above-normal and long
lasting soil and ambient temperatures can cause injury to roots
and stems, inhibiting the growth and eventually led to death to
seedling shoots [25-27, 55].

It has been well established that high temperatures at the soil
surface are correlated with low seedling survival in a variety
of plant species in many environments [32], including boreal
and cold-temperate forests [25]. Optimum soil temperature for
root growth of many woody plants of temperate zones is
between 20-25 °C [27]. In Trevelin ST-5 in the UN treatment
was always lower than 20 °C, except during the second growing
season, when it reached to 22 °C. By contrast, temperatures in
PB and CB were, in average, 7 °C higher than in UN during the
growing seasons studied. Considering that small deviation in
optimum temperatures can affect root growth in several plant
species [34], it would be possible that they may affect cypress
seedling roots in the same way.

In other temperate forests, when comparing burned with
unburned areas, maximum soil temperatures could reach sim-
ilar values, but in unburned areas these temperatures tend to be
of short duration, lasting only for a few days [2]. In the cypress
forest stand of Trevelin, the UN treatment registered high tem-
peratures only once, while in burned treatments these high tem-
peratures remained for more than two months in ST-0, and for

more than five months in the case of ST-5. Deeper into the soil,
although with lower values, the pattern of soil temperature was
similar as the one reported for the upper soil. These high tem-
peratures might severely damage cypress seedlings by over-
heating and dehydration, as has been reported for other species
[27]. The rates of extension and root mortality could also be
affected if soil temperature reach values that are above the opti-
mum for root growth [40].

In Trevelin, the partially burned areas (PB) showed higher
variation in soil temperature as compared to completely burned
(CB) areas. This apparently contradictory finding, could be
explained by taking into consideration that treatment CB
showed a understory cover more evenly distributed than PB,
acting this vegetation a barrier that impeded the direct radiation
to reach the ground as may have happened in other sites [27,
54]. Another aspect associated to changes in soil temperature
found in these two treatments could be related to the settlement
of the treatments themselves. Although the treatments were
carefully set, it was unavoidable that small local variations
present prior to the fire could have altered (increasing or
decreasing), the subsequent effects of fire [5]. The classifica-
tion of the severity of a fire based only on function of the
remaining surviving trees could be then insufficient to classify
that event with certain degree of accuracy ([39] and references
herein). As pointed out by Robberecht et al. [43] and Robberecht
and Defossé [42], more quantitative data about the actual fire
and its effects should be necessary to characterize a fire event and
its severity. In Trevelin, our PB treatment, then, should be con-
sidered only as a relative measure of fire intensity and severity
in between the UN and CB treatments.

As mentioned above, soil temperature is generally altered
after a forest fire, particularly at the soil surface [1]. In Bolsén,
however, we found no significant differences in soil tempera-
tures among treatments. Apart from the fact that Bolsén was
considered as a mesic site, as compared to Trevelin (xeric), the
lack of differences found in soil temperatures among treatments
could have been due, in part, to the weather conditions prevail-
ing during the first summer after the fire, which were wetter and
cooler than normal. It is well known that due to the latent heat
of water, more energy is needed to increase the temperature of
awet soil than one similar that remain dry [21, 34,41]. In Bolsén,
both fire disturbed treatments (PB and CB) had higher soil
moisture from mid-spring to end of summer than that of the UN
treatment (see Fig. 3), and this may have lessened differences
in temperature. During the second growing season, although
the weather conditions were relatively hot and dry as compared
to the long-term mean, the understory cover, by then fully
recovered, could have acted as a barrier, in a similar way as it
was reported for Trevelin and for other ecosystems [27, 54].

Similarly to what was observed in Trevelin and Bolsén, soils
in burned areas of mixed oak forests in Ohio, USA, were
warmer than those of the nearby unburned forest, and within
them, xeric areas were warmer as compared to mesic. Soils in
burned xeric sites showed from 3.5 °C to 5.7 °C higher than
unburned soils, while these differences were of 0.5 °C to 0.6 °C
for mesic sites [19]. This pattern was attributed, in part, to the
combined effects of higher water content and its thermodynam-
ics and the reduced exposure to direct solar radiation of soils
of mesic areas as compared to those of xeric areas [20].
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4.3. Soil moisture

Fire effects upon soil moisture are indirect and not fre-
quently well defined [41], since they depend on different fac-
tors such as the amount of Organic Matter consumed [52], soil
drainage characteristics [36] and the temperatures reached by
the soil at the time of fire and after it [56]. In Trevelin, burned
treatments (PB and CB) showed higher soil water content at all
depths as compared to the unburned treatment (UN) during the
whole study period. This condition was independent from the
growing season considered, since the first growing season was
markedly moist and the second very dry. In Bolsén, the pattern
of soil moisture was similar to that of Trevelin, and burned
treatments (PB and CB) showed higher soil water content at all
depths and seasons, the exception being surface soil moisture
atthe end of the dry season, which was similar for all treatments
considered. Soil moisture condition found in burned areas in
both study sites, does not appear to be a limiting factor for
cypress establishment, since it never was lower than that of
unburned areas. The increase in soil moisture content in burned
areas as compared to unburned is consistent with the reduction
in the amount of vegetation, which may result in lower eva-
potranspiration rates and low precipitation interception, similar
to what Kimmins [21] and O’Neill et al. [36] reported.

4.4. Conditions for cypress establishment
in burned areas

In the relatively short time after a fire (from one to six years)
there are significant changes in understory and overstory, and
in the patterns of soil temperature and moisture in burned
cypress forests of Patagonia. Once fire disturbance occurs, the
duration and magnitude of post-fire changes for stand recovery
seemed to be directly related to the environmental conditions
prevailing at the time of the fire, after it, and to the specific con-
ditions of the site considered. In burned areas, the consumption
of biomass and reduction of vegetation cover by the actual fire
increased soil temperatures that may persist for several years,
being this effect magnified in xeric areas as compared to mesic.
Soil moisture, by contrast, appeared as a non limiting factor in
either site, since burned plots had always higher water content
at all depths than unburned ones.

Burned areas showed also significantly less germinable
seeds than unburned areas [47], adding another factor that may
reduce the availability of “safe sites” for successful seedling
germination and establishment. This synergistic effect (lower
seed availability and higher soil temperatures) appear to be
magnified in the more xeric site (i.e. Trevelin). In contrast, at
Bolson site (a more humid site and with least extreme soil tem-
perature values), this effect seems to be lessened, particularly
in the first few years after the fire. Similar to what happens with
cypress, in species such as Picea glauca, regeneration in the
first years after the fire would depend on the presence of prop-
agules and of the characteristics of the seed bed [4].

High and persistent soil temperatures in xeric areas may help
explain why, apart from the fact that cypress has a transient soil
seed bank and that its size is greatly influenced by the degree
of fire disturbance [47], burned cypress forests recover faster
in mesic or humid areas, as compared to xeric sites. Our results
thus coincidence with what was reported by Veblen et al. [49],

Villalba and Veblen [51] and Kitzberger et al. [24], who pointed
out that cypress seedling establishment in xeric sites is greatly
influenced by environmental conditions. In general and for
both sites, it seems that after a fire event, the colonization of
burned areas by pioneer herbs and shrubs could be a mechanism
to avoid high temperatures extremes, that otherwise could over-
heat and dehydrate cypress seedlings. This protective effect
against unfavourable microenvironmental conditions could
prevail over that of competition, providing thus a safe site for
successful establishment. In xeric sites, where cypress germi-
nation, growth and establishment is more sporadic and mar-
ginal, appropriate restoration practices could speed up
successful post-fire establishment.
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