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Abstract 

Plant interactions - be they positive or negative - are known to strongly influence successional path-

ways. On early post-fire sites in south-eastern Spain, resprouting shrubs and perennial grasses regener-

ate rapidly and may reach their original size after only the second year of succession. The present 

study aims to analyze if an influence of dominant resprouting species on herbal regeneration patterns 

exists. Therefore, we used a grid design of several subplots of a 4 m² plot with one of the following 

species located in the centre: Calicotome intermedia C. Presl., Periploca angustifolia Labill. or Stipa 

tenacissima L. Our results show that the effect of the canopy on the number of herbal plants is differ-

ent between the species studied: Calicotome intermedia serves as a nurse plant, whereas Periploca 

angustifolia has a significantly negative impact on the establishment of non-woody plants, possibly 

due to allelopathic effects. The influence of Stipa tenacissima is dependent on the location and varies 

between a slightly negative influence and a significant facilitation effect; the influence was found to be 

positive at sites with enhanced soil nutrient levels under the Stipa canopies as compared to the sur-

rounding area. We conclude that plant interactions are of great importance to the vegetation develop-

ment of post-fire ecosystems under semi-arid conditions. 

Keywords: facilitation, allelopathy, plant-plant interaction, safe sites 

Zusammenfassung 

Pflanzen-Interaktionen, ob positive oder negative, spielen bei Sukzessionsprozessen eine große Rolle. 

Auf Feuerflächen in Südostspanien regenerieren Büsche und Horstgräser ausgesprochen erfolgreich 

bereits kurz nach Brandereignissen durch vegetativen Wiederaustrieb und erreichen so bereits im 

zweiten Jahr annähernd ihre ursprüngliche Größe. Die vorliegende Untersuchung hat zum Ziel den 

Einfluss dieser dominanten, austreibenden Pflanzen auf die Regenerationsmuster der übrigen krautigen 
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Vegetation zu analysieren. Wir nutzen ein Rasterdesign von mehreren Teilflächen innerhalb größerer 4 

m² Flächen in deren Mitte jeweils eine der folgenden Arten wächst: Calicotome intermedia C. Presl., 

Periploca angustifolia Labill. oder Stipa tenacissima L. Unsere Ergebnisse zeigen unter der Beschir-

mung durch die getesteten austreibenden Arten unterschiedliche Beeinflussung der krautigen Vegeta-

tion: Calicotome intermedia wirkt fördernd auf die Besiedlung, Periploca angustifolia hat einen nega-

tiven Einfluss auf krautige Pflanzen, möglicherweise durch allelopathische Effekte. Stipa tenacissima 

wirkt unterschiedlich je nach Standort und variiert zwischen einem leicht negativen Effekt und einem 

signifikant positiven Effekt. Dieser wurde besonders an Stellen festgestellt, an denen im Vergleich zur 

Umgebung erhöhte Nährstoffkonzentrationen im Boden unter der Pflanze gemessen wurden. Wir 

schließen aus der Studie, dass Pflanzen-Interaktionen artspezifisch sind und auf Feuerflächen semi-

arider Landschaften für die Vegetationsentwicklung von großer Bedeutung sind und bei Analysen der 

Regeneration dringend beachtet werden müssen. 

 
Schlüsselbegriffe: Positive Interaktionen, Allelopathie, Pflanze-Pflanze Interaktion, geschützte Berei-
che zur Etablierung 

 
 

Introduction 

Initial plant-plant interactions are known to 

strongly influence successional development 

(Sans et al. 2002, Bruno et al. 2003). Potential 

positive interactions include facilitation due to 

nutrient enrichment (Haase et al. 1997) or water 

retention under shrubs (Verdú et al. 2004), dif-

ferential seed accumulation (Bullock & Moy 

2004), stress reduction by the canopy like shad-

ing, the promotion of a favourable microflora 

(Maestre et al. 2002) or pollinator visits (Ryser 

1993), transfer of resources (Pugnaire & Haase 

1996), fixation of carbon via mycorrhizae and 

the protection against grazing (Callaway 1995, 

Facelli & Temby 2002, Tirado & Pugnaire 

2003). Negative impacts comprise allelopathic 

effects and competition for water, nutrients or 

light (Flores & Jurado 2003). Especially in 

highly disturbed communities, facilitation has 

been found to be more abundant than competi-

tion (Bertness & Leonard 1997, Brooker & Cal-

laghan 1998).  

On post-fire sites, some important factors influ-

encing plant interactions are altered. In particu-

lar, the distribution of nutrients is different in 

comparison to undisturbed stands where organic 

debris accumulates over years below long-lived 

plant species (Pugnaire & Haase 1996). After 

fire, the former plant coverage, including the 

organic layer, is mineralized, and charred mate-

rial and ash are easily washed out and trans-

ported. In south-eastern Spain, lowest soil nutri-

ent levels were found about 3 years after a fire, 

especially on south-facing slopes, due to water 

runoff and leaching (Herranz et al. 1991, de las 

Heras et al. 1993). These findings indicate a spe-

cific situation which influences plant interactions 

during regeneration in post-fire areas.  

In the coastal area of the province of Murcia, the 

tussock grass Stipa tenacissima L., the thorny 

Fabaceae Calicotome intermedia C. Presl. and 

the Asclepiadaceae Periploca angustifolia 
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Labill. are among the most successful resprout-

ers (Götzenberger et al. 2003). Our study aims to 

analyze the impact of these species on the regen-

eration success of non-woody vegetation regen-

erating mainly from seed after fire. We assessed 

the following questions:  

Does the growth pattern of mainly seed-depend-

ent herbs during early post-fire succession in 

south-eastern Spain give evidence for positive or 

negative impacts of resprouters? Do abundant 

resprouting shrubs or tussock grasses serve as 

safe sites for the herbal vegetation? Is the impact 

species specific?  

Finally, the factors slope inclination, aspect, lo-

cation and trends of the distribution of nutrients 

are compared to the patterns of herbal plants 

found under Stipa tenacissima. 

Methods 

The study sites are situated in south-eastern 

Spain in the province of Murcia (Fig. 1).  

Three plant species that were dominant during 

early post-fire regeneration were selected to 

document their impact on the abundance of 

herbal vegetation: the tussock grass Stipa te-

nacissima (Poaceae) and the shrubs Calicotome 

intermedia (Fabaceae) and Periploca angustifo-

lia (Asclepiadaceae). These species resprout 

effectively after fire and plants regenerate almost 

to pre-fire size after the second year (Buhk et al. 

2005). Calicotome intermedia and Periploca 

angustifolia were studied in two burnt areas lo-

cated close to the coast (Alumbres: 2 years post-

fire, Portman: 5 years post-fire). The climate in 

this region is thermo-Mediterranean with 200-

300 mm of annual precipitation and a dry period 

 
Fig. 1: Location of the four research areas in south-eastern Spain (Prov-

ince of Murcia) 
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of 7-11 months. The vegetation is dominated by 

shrubs of the Periplocion angustifoliae Rivas 

Martínez 1975. As Stipa tenacissima is more 

widespread in the area than the other two spe-

cies, two supplementary fire sites were included 

in the analysis: Algarrobo (2 years post-fire), 

another thermo-Mediterranean location, and Ri-

cote (3 years post-fire) which is located in the 

meso-Mediterranean mountainous region (700m 

a.s.l., 400 mm annual precipitation, dry period 6-

8 months), where open Pinus halepensis wood-

land with Quercus coccifera and Stipa tenacis-

sima prevail (Carrión Vilches et al. 2003).  

The bedrock of the research areas consists pri-

marily of limestone and dolomite of Triassic 

origin at the coast and Jurassic origin in the Ri-

cote Mountains (Fontbote 1983, 1983).  

Sample plants were selected randomly, exclud-

ing individuals < 50 cm in diameter or sites with 

a rock coverage > 50% below the target species. 

The sample design is illustrated in Fig. 2.  

The number of all individual herbal plants 

(therophytes, hemicryptophytes and geophytes) 

was recorded in 36-64 subplots (25cm x 25cm; 

number depending on plant size and rock cover) 

in the space around and under the selected indi-

viduals (Stipa tenacissima, N=19; Calicotome 

intermedia, N=6; Periploca angustifolia, N=5; 

hereafter referred to as “under the canopy” and 

“outside the canopy”). The percentage cover of 

the sample shrub or grass and the percentage of 

rocks in each subplot were recorded. The influ-

ence of the surrounding vegetation and the pres-

ence of rocks was minimized by excluding from 

the analysis: a) subplots with a rock coverage > 

50%; b) subplots influenced by other woody 

plants or non-target Stipa tenacissima tussocks; 

and c) subplots with shrubs or Stipa coverage > 

80%. 

For all sites of Stipa tenacissima, slope inclina-

tion and aspect were noted and soil analyses 

were carried out. Mixed soil samples at the site 

scale of 10 sub-samples each were taken upslope 

and downslope the centre of the Stipa individuals 

as well as in gaps between the plants. The fol-

lowing nutrients were analyzed: Total C and N 

(Dumas method; CN Analyser Vario EL, 

ELEMENTAR, Germany); Ca2+ and Mg2+ 

(atomic absorption spectrometry, Flame-AAS 

Vario 6, Analytik Jena, Germany); K+ and Na+ 

(flame spectrometry; Flame-AAS Vario 6); pH 

value (20g soil in 50ml H2O; SenTix 21, WTW, 

Germany); and conductivity (Cond 315 i, WTW, 

Germany). All data refer to dry (105°C) fine soil 

(particle size < 2mm). 

 

 

Fig. 2: Sample design 

(Subplots of 25x25cm were set up around the randomly 
selected sample plants [shaded area]. White areas: subplots 
outside the canopy of the target plant; ///: subplots below 
10-80% canopy of the target plant; X: subplots excluded 
from the analyses) 
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Statistical analysis 

Numbers of non-woody plants were pooled (av-

erage of the subplots) for each replicate. Two 

groups (a and b) were distinguished and ana-

lyzed as paired samples (paired t-test; p<0.05): 

a) subplots located in gaps without the influence 

of a shrub or tussock; b) subplots located under 

10-80% canopy cover of a shrub or tussock. 

The data was log-transformed to assure normal-

ity. General linear models were analyzed at a site 

scale including location (the 4 study sites); and 

at a plant scale including slope inclination (3 

classes: 0-10°, 15-20°, 25-30°) and aspect (N/S). 

For multivariate models at the within-plant scale 

the response variables “number of non-woody 

plants” a) below Stipa and b) in between Stipa-

plants were included; for univariate analysis the 

response variable “diff” was used: number of 

herbal plants below Stipa minus the number of 

herbal plants in gaps quantifying the strength of 

facilitation (positive values) or competition 

(negative values). Statistical analyses were car-

ried out using SPSS 12 (SPSS inc. 1998-2003). 

 

Results 

The effects of the species studied on herbal plant 

growth are different: Calicotome intermedia 

seems to facilitate non-woody plants whereas 

significant lower numbers of herbs were found 

under rather than outside the canopy of Perip-

loca angustifolia (Fig. 3). We did not confirm 

any significant effect of Stipa tenacissima on 

herbal plant numbers if all sites and aspects are 

included in the analysis. However, patterns were 

different in different locations (Fig. 4), varying 

from a slightly negative impact on other herbal 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3: Comparison of the mean number of non-woody plants in the subplots outside the 

canopy and below 10-80% coverage of the sample plants (paired t-Test, p< 0.05) 
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plants to a possible facilitation effect on the sites 

of Algarrobo (south-exposed) and Portman 

(north-exposed). The mountainous site of Ricote 

is characterized by very low numbers of non-

woody plants, even three years after fire.  

As regards Stipa tenacissima, none of the gen-

eral linear models brought significant results, 

which shows that neither slope inclination, as-

pect, location nor combinations of the factors 

contribute in a linear way to the explanation of 

the facilitation pattern observed (best fitted 

model, F 2.15; p=0.16). Nutrient levels upslope 

and downslope of the tussock did not follow 

regular trends (Tab. 1).  

However, a trend towards higher nutrient levels 

below compared to the area outside the tussock 

canopy was found for three of the sites studied 

(shaded values in Tab. 1). Two of these locations 

are identical with those where a facilitation ef-

fect of Stipa was observed (south-facing Algar-

robo and north-facing Portman; Fig. 4). 

 

Discussion 

Plant interactions are of great importance to 

post-fire regeneration, as shown exemplarily for 

Calicotome intermedia, Periploca angustifolia 

and Stipa tenacissima, which are dominant re-

sprouting species after fire in south-eastern 

Spain. The impact of the target species on the 

herbal layer ranges from negative effects (Pe-

riploca angustifolia) to facilitation (Calicotome 

intermedia). However, it is difficult to distin-

guish the various factors that contribute to the 

overall pattern of plant interaction without em-

ploying more detailed analyses e.g. on the herbal 

 
 

Fig. 4: Detailed comparison of the number of non-woody plants in the subplots outside the canopy and 

below 10-80% canopy coverage of Stipa tenacissima.  

(Plots = plants are sorted according to the different locations and aspects. The two sites with significant 
higher abundance of herbs below Stipa than in gaps are marked [paired t-test on the log-transformed data, 
p<0.01]). 
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species level (Goldberg et al. 2001).  

The variable response of herbs to the coverage of 

the different resprouting species might be ex-

plained by species-specific characteristics pro-

moting or hampering regeneration (Callaway 

1995, Callaway 1998). As grazing pressure by 

sheep or goats is not important in the whole 

study area, we rule out a possible protection by 

the thorny shrub Calicotome intermedia in con-

trast to the unarmed Periploca angustifolia or 

Stipa tenacissima (Rebollo et al. 2002). The 

nurse plant syndrome (Callaway 1995) of the 

Fabaceae Calicotome intermedia is supposed to 

be an effect of nitrogen fixation by microorgan-

isms (Rodríges Echeverría & Pérez Fernández 

2003). Asclepiadaceae like Periploca angustifo-

lia have been described previously to exert an 

allelopathic effect (sensu Inderjit & Duke 2003) 

on surrounding plants (Hegazi & Alsubaey 

1994). However, such differences in plant-plant 

interactions at a species level are not self-evi-

dent, as Turner et al. (1966) found equal propor-

tions of seedlings under 15 potential nurse spe-

cies, which indicates that no species-specific 

biotic factor is involved. He concluded that nurse 

plant associations might be only a by-product of 

microclimatic changes under canopies.  

The impact of Stipa tenacissima on herbal re-

generation was highly variable probably due to a 

complex co-occurrence of competition and fa-

cilitation (Callaway & Walker 1997, Wilson & 

Nisbet 1997). Poaceae in arid to semi-arid envi-

 

Tab. 1: Summary of the nutrient analysis  

(Ca2+[mg/kg], Mg2+[mg/kg], K+[mg/kg], Na+[mg/kg], conductivity [µs/cm], total N[%] and C[%]) at the 
different locations and aspects at three sample positions: mixed samples were taken from a) upslope and 
b) downslope the centre of the Stipa tussock, but still within the influence sphere of the canopy, as well as 
c) outside the influence sphere of the Stipa tenacissima canopy. Results indicating a trend towards in-
creased nutrient contents below Stipa in comparison to the conditions in gaps are shaded in grey. 
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ronments have hardly ever been described to be 

safe-site builders (Flores & Jurado 2003). How-

ever, in two of the selected sample areas, a sig-

nificantly higher number of herbal plants was 

found below rather than outside the canopy in-

fluence sphere. The soil analysis indicates a pos-

sible relationship between nutrient enrichment 

below Stipa and the abundance of herbal plants. 

This is noteworthy, as on a larger scale differ-

ences in soil characteristics between slopes in the 

area were found to be of little importance in ex-

planation of the vegetation patterns (Buhk et al. 

2006, Götzenberger et al. 2003). Instead, much 

of the variability in post-fire species composition 

and regeneration speed was explained by cli-

matic differences between the coastal and 

mountainous areas, and by microclimatic varia-

tion of southern and northern exposures (Buhk et 

al. 2006). Virtually all types of ecological inter-

actions have been shown to vary with changes in 

the abiotic environment (Schenk et al. 2003, 

Maestre & Cortina 2004), and facilitative effects 

are supposed to become stronger as abiotic stress 

increases (Bertness & Callaway 1994, Callaway 

1997, Pugnaire & Luque 2001) though this issue 

is discussed controversially (Goldberg et al. 

1999). Although an accumulation of nutrients 

and seeds underneath the plants by wind and 

erosion is likely to occur in semi-arid environ-

ments (Garner & Steinberger 1989, Pugnaire & 

Haase 1996, Jones et al. 1997), the period of 

time since the fire has possibly not been long 

enough to create such patterns: It is remarkable 

that patterns of nutrient accumulation under the 

canopy of Stipa tenacissima are highly variable 

in the study area, regardless of the similar overall 

nutrient availability on the different sites and 

aspects. Regeneration age, possibly combined 

with slope inclination and prevailing wind direc-

tion, might therefore be an important factor. In 

addition, as nutrient enrichment under the can-

opy of Stipa tussocks does not necessarily relate 

to facilitation, we assume that other factors 

might be more important to the pattern observed. 

The most probable one is limitation of water, as 

water is the prominent limiting factor in semi-

arid environments (Pugnaire & Luque 2001). 

Effects of soil water and fertility probably con-

tribute to facilitation simultaneously as the build-

up of organic matter changes physical soil prop-

erties and improves soil water retention (Pug-

naire et al. 2004). Holmgren et al. (1997) pre-

sented a light-water model showing that facilita-

tion only occurs when the improvements of plant 

water relations under the canopy exceeds the 

costs caused by lower light levels. Further analy-

ses of soil organic matter, nutrient distribution 

and water availability as well as manipulating 

experiments across gradients of physical stress 

and disturbance (Bertness 1998) have to be car-

ried out to understand the function of facilitation 

between resprouters and herbal plants at early 

post-fire sites in south-eastern Spain in more 

detail (compare to Brooker et al. 2008). 
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