Original

article

Influence of fire and tree-fell on physiological
parameters in Quercus ilex resprouts
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Summary &mdash; Variations in the physiology of two kinds of resprout (originated after fire and after treefell) of Quercus ilex were analyzed under field conditions and compared with respect to the original, undisturbed vegetation, located within a Mediterranean watershed (northeast Spain). Resprouting vegetation of Quercus ilex after fire or after tree-fell showed, during the next growing seasons, enhanced
photosynthesis, leaf conductance and Rubisco activity with respect to the original vegetation, especially
under high temperature, irradiance and vapor pressure deficit (VPD). The lack of differences in nutrient (N,C,P,K and Ca) and soluble carbohydrate concentrations in leaves of resprouts originated after
fire or after tree-fell indicates the independence of nutrients released by the action of fire and the contribution of underground organs. Differences in leaf mass per area (LMA) were due to increased thickness in resprouts whereas density was the same. N investment in chlorophylls or Rubisco was not different in control
to

or

either kind of

resprout. The increased amount of carotenoids in resprouts contributed

providing protection from photoinhibitory processes.

Quercus ilex / fire / tree-fell / gas

exchange/ nutrients/ photosynthetic pigments

Résumé&mdash; Influence du feu et de l’élagage des arbres sur les paramètres physiologiques des
rejetons de Quercus ilex. On a étudié les caractéristiques physiologiques d’une végétation de Quercus ilex localisée dans une vallée méditerranéenne (nord-est de l’Espagne) après un incendie et l’élagage des arbres. Les résultats ont ainsi été comparés avec ceux d’une végétation sans aucune altération (expérience de contrôle). On a constaté que les rejetons après un incendie et un élagage
montrent, pendant les saisons de croissance suivantes, que la photosynthèse, la conductance des feuilles
et l’activité Rubisco étaient supérieures par rapport aux feuilles de l’expérience de contrôle, et cela spécialement à hautes températures, irradiances et DPV. Le manque de différences en contenu minéral
(N,C,P,K,Ca) et en carbohydrates solubles entre les feuilles des rejetons après un incendie et après
un élagage indique l’indépendance d’éléments nutritifs libérés par l’action du feu et la contribution
des organes souterrains. Les différences de LMA (relation entre la masse des feuilles et la superficie
de leur provenance) ont été le résultat du développement de l’épaisseur des rejetons, tandis que la densité a été la même que celle des feuilles de contrôle. La quantité de N utilisée dans la chlorophylle ou

la Rubisco n’a été différente dans aucune des situations. On a considéré
noïdes dans le rejetons comme une protection face à la photo-inhibition.
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INTRODUCTION

Rapid growth of resprouting vegetation has
been observed in Mediterranean shrub
ecosystems after fire (Christensen and
Muller, 1975; Schlesinger and Gill, 1980;
Saruwatari and Davis, 1989; Fleck et al,
1990, 1992, 1995) and after tree-fell (Castell,
1992; Sabaté, 1993). An extensive preexisting root system of resprouting vegetation

together with reduced shoot mass results
in greater water availability to the growing
resprouts (Radosevich and Conard, 1980;
De Souza et al, 1986). Resprouts emerging in burned and felled sites have considerably more solar radiation available to
them, due to the removal of the shading
effect (Hulbert, 1988), which increases the
photosynthetic capacity of resprouts (Knapp,
1984). Enhancement of photosynthesis and
leaf conductance after fire has also been
reported in chaparral species by Oechel and
Hastings (1983), Hastings et al (1989),
Thomas and Davis (1989) and Saruwatari
and Davis (1989), but there is less information on European Mediterranean ecosystems (Trabaud and Méthy, 1988).
and P contents and leaf massto-area ratio (LMA) have also been
described in postfire resprouts (Knapp,
1985; Reich et al, 1990). LMA tends to
change in response to variations in nutrient
availability (Gulmon and Chu, 1981) or in

Higher N

light intensity during growth (Björkman,
1981).Variations in leaf N content have
been widely identified as a determinant of
net photosynthetic capacity (Field and
Mooney, 1986; Evans and Seemann, 1989);
it depends on species, relative availabilities
of N, P and other mineral nutrients, and

ecophysiological characteristics
(Reich et al, 1994).
In the present study, we compared leaf
physiology of the resprouting vegetation of
intrinsic

Quercus ilex after fire or tree-fell with that
of the original stand, which had been undisturbed for 40 years. Soil nutrients in the
felled stand were expected to be similar to
control, whereas the burned stand should
have exhibited a higher content originated
from ash and char of above-ground material
and litter.
We were interested in evaluating not only
the effects of both kinds of perturbation, but
also photosynthetic gas exchange in relation to water, nutrient and light availability,
especially under environmental conditions
that favor the midday depression of photosynthesis (Tenhunen et al, 1987; Correia et

al, 1990).
MATERIALS AND METHODS

Study site and experimental design
study was carried out in a holm-oak (Quercus
ilex) forest at the Prades Experimental Complex
of Catchments (Tarragona, northeast Spain) overlooking the Mediterranean Sea. The experimental plots are located on a steep slope (28°) at an
The

elevation of 920 m and oriented south-southeast
(41°21’N, 1 °01’E). The main rock type in the area
is schist and the soils are Lithic and Typic
Xerochrepts (USDA Soil Taxonomy, 1975) (Ser-

rasolsas et al, 1992).
The site is

a

holm-oak forest that

was man-

aged until the 1950s as a source of charcoal,
resulting in a multistemmed structure in the above
biomass (now about 40 years old) and an older
root

system.

two 40 m x 20 m contiguous
tree-felled and trunks and large
branches were uniformly distributed over the soil
surface. In October 1988, one of these stands
was burned; the fire front power was 9 350 cal
-2 ,
cm
-1 which can be considered a medium
s
value.

and soil characteristics (Serrasolsas, 1994) and
were large enough to include different responses
of the individuals (Sabaté, 1993).

To compare the resprout physiological characteristics with the undisturbed Q ilex trees, a
control stand (40 m x 20 m) was available in a

ments. Packets of ten leaves from different crowns
of each stand were rapidly frozen in liquid nitrogen
between 1200 and 1400 hours (local time) for
Rubisco activity and photosynthetic pigment determination; they were later kept in the laboratory at
-80 °C until assay. Moreover, 25-35 leaves from
different crowns of burned, felled and undisturbed
stands were collected for fresh weight (FW), dry
weight (DW), mineral content and leaf area (LA)
determinations. Environmental conditions (incident radiation [PAR], air and leaf temperature,
vapor pressure deficit) during sampling and
mesurements are shown in table I.

In

August 1988,

areas were

contiguous

area.

The climate is typically Mediterranean, with
cold winters, cool and wet springs and autumns
and hot dry summers. The mean temperature is
13-14 °C and the annual precipitation, 500700 mm.

Plant material
At least six different root crowns (individuals) in the
three different areas were randomly selected on
each sampling day. Q ilex leaves of lower canopy
from the different crowns of undisturbed stand
(control) were compared with resprouting leaves
of crowns of burned and tree-felled stands,
respectively. We selected only fully expanded
leaves of the first flush after disturbances during
all of the study period.

Sampling
Experimental disturbances were not replicated
in different areas due to problems related to the
risk of fire spreading and conservation of protected areas. Before perturbances, the three
areas had the same history, microenvironment

Sampling was carried out five times in 1990
(15 months after fire and tree-felling) in winter,
spring, early summer, late summer and autumn at
the same time as the gas exchange measure-

Measurements
LA was determined after photocopying 25-35
leaves from each stand using the Interactive
Binary System (IBAS). DW was determined after
drying the leaves to a constant weight in a forcedair oven at 60 °C. LMA, and its components
FW/LA and DW/FW as indicators of thickness
and density, respectively (Dijkstra, 1989), were
calculated.

Mineral content
The mineral content of the leaves was determined
on three replicates of dried material (25-35 leaves)
ground to a fine powder in a Mixer-Mill 800 (Spex)

with balls of tungsten carbide. Total nitrogen and
carbon concentrations were determined using

gas chromatography (Nitrogen Analyzer 1500,
Carlo Erba, Milan, Italy) in standard conditions
(Pella et al, 1984). Phosphorus, potassium and
calcium content were determined after humid
digestion using inductively coupled plasma atomic

absorption.
Total soluble

carbohydrates were determined
according to Somogyi (1952). The carbohydrate
content was based on the mean of three replicates obtained from 25-35 leaves per stand and

sampling day.

activity

Ribulose

bisphosphate carboxylase (Rubisco)
determined using samples of 1 g
from ten frozen leaves (collected at midday) of
each stand which were cut into small pieces. Two
replicates per day and stand were assayed. The
enzymatic activity of the extract was measured,
after full activation, by spectrophotometric endpoint titration of D-PGA formed in a 60 s assay at
25 °C (Di Marco and Tricoli, 1983).
activity

was

Photosynthetic pigment
Photosynthetic pigment content was determined
according to Lichtenthaler (1987).
Gas

in the chamthe fluxes of leaf transpiration
and injected dry air. As shown in table I, air and
leaf temperatures were within 2 °C, suggesting
that the lack of temperature regulation in the LCA2 chamber did not cause overheating of the
leaves. Measurements were taken between 1200
and 1400 hours local time. At least 12 replicates
per stand were performed each day.
no

ber, depending

humidity control

on

carbohydrates

Total soluble

Rubisco

since there is

exchange

Gas exchange measurements of net CO
2 assimilation rate, and leaf conductance to water vapor,
were performed in situ in attached, fully expanded
leaves of control plants and resprouts of burned
and tree-felled stands using a portable open gas

exchange system (LCA2, Analytical Development
Company Ltd, Hoddesdon, Herts, UK). This measures both CO
2 and water vapor exchange using
a differential mass balance approach (Field et al,
1989). Leaf temperature, absolute humidity of
the air, and PAR were measured inside the
cuvette. The leaf chamber was held normal to
the solar beam and each measurement was carried out in less than 1 min. Conductance values
can be affected by this gas exchange system

Statistical analysis
that control, burned and tree-felled
stands followed a normal distribution, we tested
the equality of variances in the three stands. We
found that they were the same and therefore
stands could be compared and tests were carried out. For each parameter studied (ie, gas
exchange, Rubisco activity, pigments, nutrients,
leaf mass per area, carbohydrates and water content), the differences between measurement dates
(time) and between the three groups of leaves
(control, burned and tree-felled) at those dates
were tested with two-way unbalanced ANOVA
(Arenas et al, 1993) taking P&le; 0.05 as level of significance. When significant differences appeared,
another ANOVA test, using Bonferroni’s meth-

Assuming

ods,

was

applied (P&le; 0.01).

RESULTS
In our conditions, no significant differences
in amount or trend were observed between
the two kinds of resprout (originated after
fire and after tree-fell, respectively) in any
parameter measured.

Gas

exchange measurements

Net photosynthesis (fig 1 a) was significantly
different between control and resprouts only
under high irradiance and temperature conditions and high VPD (table I). Resprouts
showed higher photosynthetic rates (almost
double) than control leaves during early and
late summer. However, net photosynthesis
was markedly depressed in all stands during

this

period. Leaf

conductance (fig 1b) was
in resprouts than
in control leaves in all seasons except winter. The values remained constant throughout the year in resprouts.

significantly higher (45%)

Rubisco

activity

Ribulose bisphosphate carboxylase
(Rubisco) activity at midday was significantly
higher in burned and tree-felled resprouts
than in control leaves (fig 1 c). Moreover,
the Rubisco activity in resprouts showed a
decreasing trend from winter to autumn,
whereas in control leaves, no significant differences were observed throughout the

year.

Photosynthetic pigments
The resprouts originated after fire and treefell showed significantly higher total chlorophyll (a + b) content, on an area basis, than
the original vegetation (fig 2a). Carotenoid
contents on an area basis (fig 2c) also
showed significant differences between
stands (twice as high in resprouts as in control leaves) but not throughout the year. On
a dry weight basis, neither total chlorophyll
content (fig 2b) nor carotenoid content (fig
2d) were significantly different from controls.
Increased soluble protein content and
nitrogen content in these resprouts has
already been reported by Fleck et al (1996).
Considering the ratio Chl (a + b)/soluble
protein, no significant differences were found
between the stands or throughout the seasons.

C, P, K and Ca content
C, P, K and Ca

dry weight

content of the leaves on a
basis showed significant differ-

throughout the year (table II). Significant differences between resprouts and
control were observed in P (16% increase),
K (27% decrease) and Ca (8% increase)
content. On an area basis, the nutrient content was considerably higher in the resprouting vegetation: C content increased 82%;
P, 118%; K, 30% and Ca, 95% in resprouts.
ences

Leaf mass per area

(LMA)

Higher values were observed in the
resprouts (80%) with respect to control
leaves (table III). Significant differences
throughout the year were exhibited by
resprouts and control leaves.
The ratio of fresh

weight to leaf area

(FW/LA)
FW/LA was significantly higher in resprouts
than in control leaves, and seasonal varia-

tions in the three stands were observed.
The values oscillated between 375 and 494
-2 for resprouts and 211 and 291 g
g FW.m
-2 for control.
FW.m

% Leaf dry

weight

% Leaf dry weight (DW/FW.100 or %DW)
did not show significant differences between
control and resprouts or throughout the year.
The values were maintained around 53%.

Total soluble

carbohydrates (CH)

CH

on a dry weight basis, were significantly
higher in resprouts in winter and autumn
(table III). On an area basis, they were twice
as high in resprouts as in control leaves.
Significant differences were also observed
in the three stands throughout the year on

both bases. In resprouts, the values tended
to increase from early summer.

DISCUSSION
The

physiological characteristics of the
resprouting vegetation were significantly different from the original vegetation and
enhanced photosynthesis (fig 1a) and
growth, as already observed after fire by,
among others, Schlesinger and Gill (1980)
in California.
Differences between kinds of resprout
and after tree-fell) were not
observed in any parameter measured
although differences in nutrient availability
were thought to occur as reported by Oechel
and Hastings (1983) and Hastings et al
(1989) in chaparral shrub species after burn-

(after fire

ing or hand-clipping.
In our study, resprouts

were

especially

efficient under stressful conditions which
occur in a Mediterranean climate in the summer at high temperature, irradiance and
VPD (table I). Kruger and Reich (1993)
reported an apparent differential leaf sensitivity to leaf-to-air vapor pressure gradient between controls and resprouts after
coppicing. Higher water availability to the
growing resprouts due to a greater root-toshoot ratio (De Souza et al, 1986;
Saruwatari and Davis, 1989) or to higher
soil-to-leaf hydraulic conductivity (Kruger
and Reich 1993), allowed leaf conductance
to remain higher and constant throughout
the growing season, even in the summer,
in contrast to the original vegetation (fig 1 b).
Increased leaf conductance in burned

plots with respect to unburned plots in hot
seasons has been reported by Busch and
Smith (1983), Knapp (1985), Hastings et al
(1989) and Reich et al (1990) among others,
and by our group in Arbutus unedo resprouts
after wildfire (Fleck et al, 1995).
Although it has sometimes been related
to an increase in plant water potential, it is
still controversial whether soil water, leaf
water content (Gollan et al, 1985) or
hydraulic conductivity (Meinzer and Grantz,
1990) controls maximum leaf conductance.

In our study, the lack of differences in
nutrients and carbohydrates concentration
between resprouts after fire and tree-fell
(tables II and III) indicates that with respect
to controls, their values were a consequence
of higher availability to the reduced shoot,
independently of those released by the
action of fire. It should be mentioned that
some of the soluble nutrients deposited in
the ash may be lost by erosion if not immediately absorbed (De Bano and Conrad,
1978). The results suggest the importance
of underground organs such as lignotubers
and burls during the early stages of development as sites of carbohydrate and nutrients enhancing shoot elongation, as
described by Malanson and Trabaud (1988)
and Mesleard and Lepart (1989) after disturbances.

Resprouts always showed significantly
higher nutrient and carbohydrate content
with respect to control when the values were
considered on an area basis, due to the
higher LMA in resprouts (table III).
The two components of LMA, thickness
(FW/LA) and leaf density (%DW), varied
independently, as reported by Witkowski
and Lamont (1991) on several sclerophyllous species. We observed that resprouts
differed from controls only in their greater
thickness.
The higher Rubisco activity in resprouts
(fig 1 c) enables them to achieve higher photosynthesis rates than controls. Higher photosynthetic capacity is predictable since it
is highly correlated with leaf N content
(Evans and Seemann, 1989), which was
higher in resprouts.

Nevertheless, Q ilex, like Californian
evergreen trees or Australian sclerophylls,
showed high N content and low photosynthetic rates in all the stands. This could be
related to larger investment of N in structures for longevity (Field and Mooney, 1986).
or

N investement in thylakoids (chlorophylls)
in Rubisco and other CO
2 processing

enzymes was not different in resprouts and
controls since we did not observe significant differences between their chlorophyll/soluble protein ratio.
Increased carotenoids in resprouts

(fig 2c) may contribute to a higher protection against photoinhibitory processes
described in Mediterranean species (Demmig-Adams et al, 1989; Quick et al, 1992).
Nevertheless, since its

content did not

change seasonally it may not be enough to
avoid, but merely attenuate the summer
midday depression of photosynthesis in
spite of stomatal opening maintenance and
higher Rubisco activity.
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