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Abstract Litterfall is a key process in forests which

is sensitive to climatic conditions like precipitation and

temperature, and management practices. Therefore,

knowledge about litterfall patterns and its associated

variables is important for the conservation of Medi-

terranean ecosystems under conditions of climate

change. We aimed to quantify the temporal pattern of

litterfall and to investigate the influence of abiotic

variables and pruning on litter production. Litterfall

was collected at monthly intervals for 2 years in trees

subjected to different pruning intensities in two

locations. The effect of pruning, abiotic variables and

tree size on litter production was analyzed using a

mathematical model. Leaf fall was strongly seasonal

with a peak occurring in the wettest month of the year

in this area. The variability in leaf fall was mainly

related to rainfall and soil water in 2 years and

locations. Pruning reduced the amount of litter pro-

duction during the first year following this practice, and

might have negative effect on soil fertility and crop

productivity in dehesas ecosystems.

Keywords Quercus ilex � Pruning � Litterfall �
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Introduction

Litterfall is a key process in the dynamics of forest

ecosystems, being a linkage between the tree and soil

nutrient pools and therefore the starting point for

nutrient cycling (Gray and Schlesinger 1981). As

primary production is influenced by the availability of

nutrients, the rate of forest litterfall and its gradual

decay will affect the productivity and the energy flow

in forest ecosystems (Aerts and Chapin 2000). Litter-

fall improves the nutritional status of trees by increas-

ing the nutrient availability, especially for N and P, but

it also plays other important roles in forest ecosystems,

buffering changes in soil water content and tempera-

ture, reducing erosion, thus augmenting the diversity of

plant, fungi and soil organisms (Sayer 2006).

Holm oak (Quercus ilex L. subsp. ballota [Desf.]

Samp) is one of the most important species in forest

communities of the Mediterranean Basin. This species

dominates one of the most representative and valuable

forest communities in Southern Europe: the dehesas.

Dehesas are agroforestry systems created by thinning of

the original forests, in areas with low fertility and acidic

soils. They are mainly used for livestock breeding (pigs,
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cattle and sheep), firewood, coal and other agro/silvi/

pastoral purposes (Joffre et al. 1988; Olea and San

Miguel-Ayanz 2006). Dehesas are an example of

sustainability, where productive processes are linked

to environmental benefits, reducing nutrient and soil

losses from agriculture, increasing carbon sequestration

or enhancing biodiversity (Regueiro-Rodrı́guez et al.

2009). Therefore, they are of great economic, ecolog-

ical, social and aesthetic value in the Southern Europe.

Scenarios for climate change in Mediterranean areas

predict increasing temperatures and decreasing rainfall

(Christensen et al. 2007). Such changes could affect

both tree growth and phenology. Thus, any change in

litter production or seasonality could affect soil fertility

and net primary production. Hence, knowledge of the

relationship between meteorological conditions and

litter production is fundamental to sustainable manage-

ment of these agroforestry systems.

Pruning is a common management practice in

Mediterranean areas that was traditionally carried out

to obtain fuel wood and because it was thought to

improve acorn production in agroforestry systems

(Alejano et al. 2011), but its impact on the latter has

been questioned in the last decade (Alejano et al. 2008;

Cañellas et al. 2006). Holm oak pruning involves

removing branches every 6–10 years; the extent to

which it is carried out is sometimes very extensive,

and in some cases excessive (Cañellas and Montero

2002). Pruning reduces the above ground biomass, and

consequently litter production patterns. As pruning is

realized for fuel wood production, only small compo-

nents of branches stay on the soil, therefore nutrient

return to the soil and nutrient availability for the trees

may be reduced in long term. In Mediterranean

regions, where the economy of resources including

water and nutrients is critical (Arianoutsou 1989), a

reduction of biomass and nutrients provided by

litterfall because of continuous pruning could have

long-term effects on growth, acorn production and the

stability of dehesas.

Research on litter production in Mediterranean

areas is scarce, and the studies conducted on Mediter-

ranean Quercus species has been focused on litter

production and nutrient return to the soil, and its

seasonality (Andivia et al. 2010; Bussotti et al. 2003;

Rapp et al. 1999). Only Caritat et al. (2006) has

reported the relationship between litter production and

meteorological conditions, in a Q. suber forest. How-

ever, as far as we know, there is a lack of information

about the characterization of litterfall in dehesas.

Although some studies have addressed nutrient

cycling in dehesas, they have been focused on the

influence of trees (Moreno and Obrador 2007; Moreno

et al. 2007) or shrubs (Rolo et al. 2012) on soil fertility

but the litter production and their seasonality have not

been considered. In addition, no studies have explored

the effect of pruning on litter production in Mediter-

ranean areas. Due to the lack of information about

litter processes in dehesas, our study aims to be the

basis for futures studies about nutrient cycling or about

modeling the influence of climate conditions in litter

production in dehesas. For this purpose, this study tries

to achieve the following major objectives: (i) to

quantify temporal changes in the amount of litterfall,

(ii) to study the effect of pruning intensities on the

pattern of litterfall at two sites in relation to control,

and (iii) to understand the role of abiotic variables on

the intraannual pattern of litterfall. To this end the

effects of three pruning intensities and no-pruning

were tested at two locations, taking into account

meteorological and other variables.

Materials and methods

Experimental plots

The study was conducted in two locations (southwest

Spain) structured as dehesas, and largely covered by

Q. ilex trees at similar density and size. The CA

location is in Calañas, Huelva (UTM: zone 29: X,

681349; Y, 4156557), the plot covers an area of

2.9 ha, and has a density of 35 trees ha-1 with a mean

height of 6.2 ± 1.7 m and a mean diameter of

0.32 ± 0.11 m at 80 cm height. The tree diameter

was not measured at breast height because tree crosses

were always below 1.30 m due to formative pruning

traditionally conducted in this species. The SB loca-

tion is in San Bartolomé de la Torre, Huelva (UTM:

zone 29: X, 669638; Y, 4145966), the plot covers an

area of 2.7 ha, and has a density of 36 trees ha-1 with

a mean height of 6.5 ± 1.1 m and a mean diameter of

0.35 ± 0.07 m at 80 cm height. Study sites have not

been fertilized in the last decade, although livestock

dejections occurred in both plots.

Both locations have a characteristic Mediterranean

climate with a similar interannual rainfall distribution.

Daily climatic data at each location was monitored by

658 Agroforest Syst (2013) 87:657–666

123



two automatic weather stations of the Consejerı́a de

Agricultura y Pesca (Regional Government of Anda-

lusia, Spain). The climatic conditions at each location

during the study period are shown in Table 1. Two soil

profiles were opened at each plot to characterize soil

properties (Table 2). The SB location is on a substrate

consisting primarily of shale, and the CA location is on

a substrate consisting primarily of shale and grey-

wacke. In general, the soil of the CA location are less

developed, because of its more uneven relief, more

acid and showed higher concentration of soil organic

matter than the soil of the SB plot.

Pruning treatments

Trees in each location were exposed to four pruning

treatments; three trees per treatment at the CA location

and four trees per treatment at the SB location. The

trees were selected by stratified sampling based on the

stem diameter measured at 80 cm height. The pruning

treatments tested were: light (L), moderate (M), heavy

(H) and control (C). Pruning treatments were discrim-

inated in terms of intensity, based on the branch dry

weight removed from the trees (DW) to tree diameter

(D) ratio; thus, DW/D was\0.8 for light pruning,[1.7

for heavy pruning, and intermediate between these two

levels for moderate pruning (Alejano et al. 2008). No

pruning occurred for the control group (DW/D = 0).

To more accurately compare the effects of pruning

during the period of study, pruning treatments were

carried out at different time in each location, January

2001 at the CA location and February 2003 at the SB

location. Previous pruning in each location occurred

seven years before the pruning conducted in this study

(1994 for CA, 1996 for SB).

Litter collection

Litterfall from those trees selected for the pruning

treatments was collected using the trapping method

(Andivia et al. 2010; Caritat et al. 2006; Rapp et al.

1999). For each tree, four 0.16 m2 circular plastic traps

were placed on each cardinal point at a distance

corresponding to three quarters of the crown radius, as

measured from the stem (Alejano et al. 2008). Samples

were collected monthly at each plot from January 2004

to January 2006. They were oven dried at 65 �C over

2 days, separated into various fractions (leaves, twigs,

catkins and female flowers), and weighed. Acorns

were collected and used to estimate acorn production

by trapping method (see Alejano et al. 2008, 2011;

Carevic et al. 2010). Litterfall data were expressed as

g m-2 of the orthogonal projection of the crown on the

ground, by dividing the dry weight of litter collected

from each tree by the surface area of the four litter

traps (0.64 m2). Annual litter production was calcu-

lated as follow: LPij ¼ ðLFij � CSiÞ=Si; where LPij is

the litter production of location i at the year j, LFij is

the annual litterfall (g m-2 of crown) in location i at

the year j, CSi is the total crown surface of the location

i calculated as sum of elliptical crown surface of all

trees of the plot (4798.0 m2 for CA location and

Table 1 Climatic conditions at the Calañas (CA) and San

Bartolomé (SB) sites during the study period and the period

2001–2010

Years 2004 2005 2001–2010

Calañas (CA)

P (mm) 641 351 757

Tm (�C) 17.2 17.1 17.0

Tmax (�C) 42.3 41.1 43.1

Tmmax (�C) 34.9 34.5 34.6

Tmin (�C) 0.9 -2.4 -2.4

Tmmin (�C) 6.5 5.3 5.9

San Bartolomé (SB)

P (mm) 536 362 664

Tm (�C) 17.4 17.1 17.3

Tmax (�C) 42.9 39.2 43.4

Tmmax (�C) 33.9 33.3 33.5

Tmin (�C) 1.1 -3.1 -3.1

Tmmin (�C) 6.0 3.4 5.7

P: annual precipitation, Tm: mean annual temperature, Tmax:

maximum annual temperature, Tmmax: mean of the maximum

temperatures of the hottest month, Tmin: minimum annual

temperature, Tmmin: mean of the minimum temperatures of the

coldest month

Table 2 Soil characteristics of the study plots (SB and CA)

SB plot CA plot

Soil Regosol/Luvisol Cambisol/Leptosol

Texture Loamy-clay Loamy-clay

Depth (cm) 60.0 30.5

pH (water) 6.11 5.90

SOM (%) 2.80 3.61

CEC (cmol? kg-1) 13.10 12.43

SOM: soil organic matter; CEC: cation exchange capacity
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6137.5 m2 for SB location), and Si is the area of each

plot (ha).

Data analysis

We considered that the following factors affected leaf

and twig fall: location (CA, SB), tree (within location),

pruning treatment (C, L, M, H), year (2004 and 2005)

and month (1–12). Thus the initial model was:

yijklm ¼ l þ ai þ bjðiÞ þ sk þ gl þ cm þ ðajsjgjcÞiklm

þeijklmwhere yijklm is the mean dry mass of fallen

leaves or twigs (g m-2) from tree j in location i under

pruning treatment k in month l of year m; l is the

general mean; ai is the location fixed effect (i = 1, 2);

bj(i) is the tree (within location) random effect, with

j = 1, 2, …16 and i = 1, 2 with the initial hypothesis

bj(i) * N(0, r2
b); sk is the pruning treatment fixed

effect, with k = 1, 2, 3, 4; gl is the month fixed effect,

with l = 1, 2, …12; cm is the year fixed effect, with

m = 1, 2; (a|s|g|c)iklm represents all the possible

interactions among fixed effects; and eijklm is the error

term under the assumption of normality.

To select the best variance–covariance structure we

assessed (1) the presence of temporal correlation and

heteroscedasticity among observations in different

months for a particular tree and year; (2) the signif-

icance of the tree random effect; and (3) the signif-

icance of spatial correlation among observations of

trees within locations. To assess (1) we tested different

variance–covariance structures among observations

for different months for a particular tree and year

(Wolfinger 1996). Variance components for each

structure were estimated by restricted maximum

likelihood (REML) and the best structure for each

model was selected based on the Akaike information

criteria (AIC; Akaike 1974) with a lower value

indicated a better model.

After selecting the best variance–covariance structure

we estimated fixed effects using generalized least

squares (GLS), and determined the significance of each

factor using an F test. Only significant effects (a = 0.05)

were retained in the final model. Comparisons among

levels were performed using the Scheffé test. For

significant effects we determined whether the introduc-

tion of covariates could explain a significant part of the

observed variability. The levels and the covariates

considered at each level were: Tree level: we considered

variables related to tree size (i) circumference at 80 cm

height (CH80), and (ii) canopy area (SCROWN);

microtopography variables and competition indexes

were initially considered, but finally removed from the

model due to the lack of significance. Loca-

tion 9 year 9 month level: We considered the values

for climatic variables per month, per year and per

location for the study period.

The significance of the covariates was tested using a

likelihood ratio test that considered the reduction of

the –2LL statistic after introducing the covariate. In

this case the variance components were estimated by

maximum likelihood (ML). Statistical analysis was

performed with SAS (version 9.2, SAS Institute Inc.,

North Carolina, USA).

Results

Litter production

The mean total litterfall (LF) for both locations and

years was 228.0 g m-2/year (acorns not included),

corresponding to a litter production (LP) of

450.2 kg ha-1. In 2004 LF was greater at CA location,

but in 2005 the opposite occurred, although LP was

always greater in SB location due to the higher total

crown surface of SB plot (Table 3). Leaves and twigs

were the main fractions of the litterfall, comprising 69

and 22 % of the total, respectively. Catkins and female

flowers constituted 9 and 0.3 % of the total litterfall,

respectively, and showed similar values between years

and locations with the exception of catkins in 2005 at

the SB site, where a large peak was observed. Mean

litter production was 656.1 kg ha-1 (including

acorns), with more similar values among locations in

2004 (694.0 kg ha-1 in SB and 564.3 kg ha-1 in CA)

but with much higher production in SB in 2005

(1035.7 kg ha-1 in SB and 330.6 kg ha-1 in CA) due

to the differences in acorn production among locations.

Litterfall patterns

The significance (p \ 0.0001) of the fixed effect

month and the interaction month 9 year (Table 4)

shows the seasonality of the litterfall. The selected

variance–covariance structures for both models were

nonhomogeneous (unstructured for leaf fall and

unstructured correlations for twig fall), demonstrating

the heterogeneity of variances among months. In
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addition, the selection of structures with four bands for

leaf fall and two bands for twig fall provided evidence

of a correlation in litter production between consec-

utive months (three for leaf fall and one for twig fall)

but not for temporally more distant months.

Litterfall was maximum during spring (March–

June), with a small peak between October and Novem-

ber coinciding with leaf fall seasonality (Fig. 1).

Although twigs constituted 22 % of the total litterfall,

the seasonality of this fraction was not as pronounced as

that of leaf fall; relatively constant values were found

through the year, although the maximum occurred in

April and minimum in summer. Of the total leaf fall

60 % occurred during spring, but the distribution among

spring months was different for each year (Fig. 1). In

2004 the period of maximum leaf fall had two peaks

(March and June), while in 2005 the period of maximum

leaf fall occurred in only one month (April).

Some differences were also found between the two

locations (Fig. 1; Table 4). In 2004 two peaks

occurred at the CA location (March and June), while

at the SB location there was only a small peak in

March, an unexpected peak in January, and little leaf

fall in autumn. In 2005 the spring peak at both

locations occurred in April, but was larger at the SB

site. A second period of leaf fall that during October

and November only occurred at the SB location.

The seasonality of catkins and female flowers in the

litterfall was different between the 2 years (Fig. 2). In

2004 catkins fell earlier (Mar–Apr) than in 2005 (Apr–

May), and the amount of catkins in the litterfall was

less in 2004 than in 2005 because of the large quantity

of catkins that fell at the SB location in 2005 (Table 3).

The female flowers fell earlier in 2005 (Apr–May)

than in 2004 (May–Jun), although the values for both

years were similar.

Influence of meteorological parameters on litterfall

patterns

For twig fall none of the meteorological variables was

statistically significant; while for leaf fall, precipitation

(P) (F = 18.06, p \ 0.0001, estimated coefficient =

0.063) and ET0 (F = 13.13, p = 0.0003, estimated

coefficient = 0.296) were the most statistically sig-

nificant covariates, each showing a positive estimated

coefficient. Mean wind speed (Ws) was also statisti-

cally significant (F = 5.34, p = 0.0212, estimated

coefficient = 5.096). Differences between locations

were evident in the periods of maximum leaf fall

(spring and autumn) for both years (Fig. 1). In these

Table 3 Annual values for the various fractions of the litterfall (g m-2), their percentage contribution to total litterfall (excluding

acorns) in each year for each location, and the annual litter production in each location (kg ha-1)

Years Location Total leaves

(g m-2)

Spring

leaves (g m-2)

Twigs

(g m-2)

Catkins

(g m-2)

Female

flowers

(g m-2)

Acorns

(g m-2)

Total

litterfall

(g m-2)

Litter

production

(kg ha-1)

2004 CA 188.6 (76 %) 123.8 48.5 (20 %) 10.7 (4 %) 0.6 (\1 %) 92.7 341.1 564.3

2004 SB 149.2 (68 %) 82.0 57.9 (26 %) 12.3 (6 %) 0.6 (\1 %) 85.4 305.3 694.0

2005 CA 133.9 (70 %) 77.7 43.6 (23 %) 13.2 (7 %) 0.9 (\1 %) 8.2 199.8 330.6

2005 SB 154.3 (61 %) 95.9 53.1 (21 %) 44.2 (18 %) 0.4 (\1 %) 203.6 455.6 1035.7

Overall 156.5 (69 %) 94.8 50.8 (22 %) 20.1 (9 %) 0.6 (\1 %) 97.5 325.4 656.1

Table 4 F and p values of fixed effects and the interactions

considered in the leaf and twig fall models

Leaf fall model Twigs fall model

Fixed effect F value p value F value p value

Zone (Z) 0.01 0.9439 4.37 0.0371

Year (Y) 5.01 0.0257 1.83 0.1765

Month (M) 16.74 <0.0001 18.47 <0.0001

Pruning (PR) 2.07 0.1034 1.17 0.3196

Z 9 Y 4.28 0.0391 0.02 0.8998

Z 9 M 6.26 <0.0001 3.43 0.0001

Z 9 PR 1.44 0.2307 1.37 0.2508

Y 9 M 33.02 <0.0001 4.93 <0.0001

Y 9 PR 0.11 0.9569 0.30 0.8288

M 9 PR 1.25 0.1672 1.00 0.4784

Z 9 Y 9 M 8.10 <0.0001 3.12 0.0005

Z 9 PR 9 M 1.79 0.0053 1.05 0.3921

Z 9 PR 9 Y 0.93 0.4284 0.73 0.5325

PR 9 Y 9 M 1.47 0.0477 0.87 0.6723

Z 9 PR 9 Y 9 M 1.73 0.0082 0.52 0.9877

Bold values show significant differences (p \ 0.05)
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periods statistically significant covariates showed

differences between locations. The most statistically

significant covariate, P, was always greater in months

prior to the peaks of leaf fall in the location where the

peaks were also larger. In February 2004 P was 23 %

greater at the CA location, while in February and

March 2005 it was greater at the SB location (76.2 mm

vs 56.2 mm). In addition, in October 2004 and 2005 P

was greater in locations where leaf fall was also

greater. Ws and ET0 were almost always greater at the

CA location; the exception was ET0 between March

and May 2004, when it was similar for both locations.

Effect of tree level variables

For both models tree random effect (p = 0.042 for leaf

fall; p = 0.007 for twig fall) and spatial correlation

(p \ 0.0001) were significant. For leaf fall the vari-

ables related to tree size CH80 (F = 4.8891;

p = 0.0275, estimated coefficient = 0.024) and

SCROWN (F = 4.7412; p = 0.0299, estimated coef-

ficient = 0.021) explained 27.6 % and 27.8 % of the

variability at the tree level respectively. The estimated

coefficients for both covariates were positive, showing

that leaf fall was greater for larger trees. CH80 and

SCROWN were linearly correlated (r = 0.840,

p \ 0.0001, n = 31). For twig fall no variable related

to tree size or the topographic position of trees was

significant.

Effect of pruning

At the CA location the leaf fall generally showed the

same pattern for each pruning treatment in each year.

However, at this location significant differences were

found among treatments at some times, particularly

during April–June 2004, when unpruned trees showed

less leaf fall than those in the other treatments (Fig. 3).
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Fig. 1 Leaf squares means estimates of leaf fall (g m-2 tree-1) ± standard error (n = 12 at CA location and 16 at SB location) and

precipitation at each location during the study period
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At the SB location the patterns of leaf fall among

pruning treatments differed during the first 6 months

of 2004. For unpruned trees the period of maximum

leaf fall was during May and June, whereas for pruned

trees the maximum leaf fall occurred earlier. From

May to October 2005 trees from the L treatment

showed greater leaf fall than the other treatments,

while in November the trees from the M treatment had

the most leaf fall (Fig. 3).

Discussion

Our results show that litter production in the evergreen

species Quercus ilex is strongly seasonal, with a major

peak in spring (March–June) and another much

smaller peak in autumn (October–November). Similar

results have previously been reported for Q. ilex

(Bellot et al. 1992; Bussotti et al. 2003; Rapp et al.

1999) and Q. suber (Andivia et al. 2010; Caritat et al.

2006). Litterfall seasonality is mainly determined by

leaf fall, which constitutes approximately 60 % of

total litter production. Twig fall was not as strongly
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Fig. 2 Mean catkins (above) and female flowers (below) in

litterfall (g m-2, n = 12 at CA location and 16 at SB location) at

each location during the study period

Fig. 3 Least squares means estimates of leaf fall for each

pruning treatment (g m-2 tree-1 ± standard error) at each

location in each year. The pruning treatments tested were: light

(L), moderate (M), heavy (H) and unpruned (C). The figure

shows the standard error for only one of the treatments because

the standard error in any month was the same for all treatments
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seasonal, but the periods of maximum and minimum

yield were similar. Catkins and female flowers showed

marked interannual variability, especially catkins,

according to Bellot et al. 1992. Female flowers fell

earlier in 2005 than in 2004 in our study area may be

due to severe drought recorded during 2005 (highest

for the last 60 years) (European Environmental

Agency 2007). The level of precipitation was partic-

ularly low in spring, which may have interfered with

the proper development of female flowers, leading to

their premature fall (Misson et al. 2011). However, the

fall of catkins occurred earlier in 2004 than in 2005

probably because the development of catkins was less

affected by drought because of their earlier develop-

ment (Misson et al. 2011). The catkin amount

considerably varied between years and locations. Jato

et al. (2007) suggested that large year-to-year differ-

ences in catkin production may be a consequence of

weather-related factors or resource allocation. To

understand differences in flower production among

years a complementary long-term phenology study

that considers the evolution of phenophases in trees,

and other resource-consuming process such as acorn

production or growth, will be necessary.

In our study the peaks of leaf fall followed the

wettest months (generally February and October),

which account for almost 60 % of annual rainfall. The

main cause of leaf fall in spring is the renewal of foliar

cover, which is a typical process in evergreen Med-

iterranean species (Escudero and Del Arco 1987).

Trees in Mediterranean climates have to take advan-

tage of the spring, the most physiologically favorable

period (Bussotti et al. 2003), to renew their crown

prior to the onset of the dry summer, which is the most

stressful period. The development of new leaves

requires high temperatures and good water status (a

pre-dawn water potential[–3.0 MPa) to maintain cell

turgor and construct new xylem tissue (Lo Gullo and

Salleo 1993; Tognetti et al. 1998); these conditions

usually occur in this area in spring and autumn.

Although leaf fall showed a strong seasonal peak in

spring, the distribution of leaf fall within the spring

months differed among years. Leaf emergence in Q.

ilex tends to be concentrated in a single flush at the

beginning of the growth period (Mediavilla and

Escudero 2004). It is also well known that new leaf

production is related to litterfall (Bellot et al. 1992;

Bussotti et al. 2003), and that production of foliar

biomass has to be balanced with the amount of rainfall

and the soil water reserves (Hoff and Rambal 2003).

Under stressful environmental conditions the produc-

tion of new leaves in Holm oak may be reduced and

associated with increased the leaf retention and leaf

longevity, and consequently decreased litter produc-

tion (Misson et al. 2011). Drought is the main stress

factor in Mediterranean areas, and ecophysiological

traits are influenced by water availability. Because of

the low level of rainfall in February 2005 (Fig. 1), leaf

fall was delayed until the single peak observed in

April, as a consequence of delaying production of new

leaves, while leaf fall maximum in 2004 occurred in

March and June, probably because of the more

favorable climatic conditions (Rodá et al. 1999). In

addition, litter amount in 2004 was greater than in

2005 at CA location, but at SB location litter amount

was similar between the 2 years. These unexpected

differences might be related with the different pruning

timing, at the CA location litterfall was greater in 2004

than at the SB location because the pruning conducted

at the latter site reduced the aboveground biomass, and

hence the litter production. Our results suggest that

leaf fall patterns between the 2 years of the study were

mainly influenced by precipitation, although these

results should be corroborated in long-term studies and

considering more locations climatically contrasted.

Litter production varied significantly among indi-

vidual trees, although it was mainly influenced by

phenology. Because of the significant tree effect we

introduced covariates at this level to attempt to explain

some of the variability, as we found that leaf fall was

influenced by variables related to the size of the trees.

These variables (CH80 and SCROWN) were clearly

correlated, as thicker trees have larger canopies. In this

regard, larger trees have more leaf fall because of the

greater thickness of the crown, and consequently litter

traps in larger trees collect more leaves per crown

surface projection. We also found a significant spatial

correlation among trees at the same site, indicating

that adjacent trees have more similar values of litter

production than do trees that are further apart. Litter

production can be influenced at the local level by

topographic factors, nutrient and water distribution

and availability (Blanco et al. 2008); therefore, it is

predictable that nearby trees have more similar values

of litter production.

Pruning involves removing aboveground biomass

and therefore the litterfall and nutrients reaching the

forest floor could be reduced. The effects of pruning in
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Mediterranean oak woodlands have long been contro-

versial, and there is an inadequate scientific basis on

which to recommend this practice (Alejano et al. 2008;

Cañellas et al. 2006). Our data show different trends in

leaf fall under different pruning timing. In the first part

of 2004 the patterns of leaf fall among pruning

treatments were different at SB location. From July

2004 until the end of the study at SB location, and

throughout the study at CA location, the leaf fall

patterns were similar for the various pruning treat-

ments. These differences occurred because pruning

treatments at SB location were carried out in February

2003, while at CA location they were done in January

2001. Therefore, pruning seems to only have a marked

influence on leaf fall during the year immediately

following this practice; the subsequent patterns of leaf

fall among treatments then appear to converge.

Regarding the differences found in SB plot, unpruned

trees showed a normal pattern of leaf fall, with a

maximum occurring between May and June, but

pruned trees showed an earlier and smaller peak of

leaf fall in the March–April period. This was probably

because pruning increased early sprout formation as a

consequence of branch removal. However, the quan-

tity of leaf fall was less because of the smaller number

of leaves in the canopy of pruned tress, with heavily

pruned (H) trees showing a smaller amount of leaf fall

during the following spring. The reduction of the

litterfall reaching the soil in dehesas ecosystems might

have a negative effect on soil fertility and crops

(Gallardo 2003; Moreno et al. 2007), as Holm oak

trees act as a ‘‘nutrient pump’’ bringing up nutrients

from the soil and recycling via litterfall (Moreno and

Obrador 2007). In addition the pruning effect on

sprouting involves a reallocation of resources in the

tree to rebuild the aboveground biomass, and might

also be related to the decrease in acorn production

reported in other studies to occur during the year

following pruning (Cañellas et al. 2006). However, it

is evident that other factors are involved, because

Alejano et al. (2011) did not find a decreasing acorn

crops after pruning for the same trees here involved.

Conclusions

Litter production in Q. ilex shows a strong seasonal

pattern with peaks occurring in spring and autumn, but

maximum occurring in spring. These periods

coincided with the wettest months in the 2 years of

the study, during which the trees took advantage of the

favorable conditions to renew their crowns.

The differences found in litter production between

years seem to be related with precipitation and water

availability. Nevertheless these results should be

corroborated in future long-term studies.

Our results show that pruning only affects litter

production during the year after pruning, with pruned

trees showing smaller and earlier leaf fall.
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